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PREPARATION OF TRANSITION METAL CARBOXYLATES

TECHNICAL FIELD OF THE INVENTION

[98061]  This disclosure relates to transition metal carboxylates and methods for making transition
metal carboxylates, inchiding chromivm-containing carboxylates useful for preparing olefin

oligomerization catalysts.

BACKGROUND OF THE INVENTION

{8802] The wrimerization of ethyiene to produce 1-hexene constitutes g commercially significant
process for the selective preparation of this alpha olefin, which in turn is uscfil for preparing a range
of polyolefins, usually as a comonomer with ethylene. One widely eraployed catalyst system utilizes
chromiom carboxylates as a component. For example, tris(2-cthylhexanoate) chromium(1H)
compositions are utilized as a component of some effective chromim (1) catalyst system for the

selective trimerization of ethylene to 1-hexene.

{8603] Batch-to-batch variations in the quality of commercial chromium(i1} 2-cthylhexanoate, and
the attendant inconsistency in catalytic system performance, have prompted the search for new
synthetic approaches to chromiom carboxylates. This scarch for alternative preparative approaches is
further motivated by the desire to improve productivity and selectivity of a catalyst system and to
attempt {o reduce catalyst system cost. Therefore, there remains a need for new synthetic approaches

to produce transition metal carboxylates.

SUMMARY OF THE INVENTION

[8804] T an aspect, the present application is directed to a process to prepare a transition metal
carboxylate compositions comprising contacting under substantially anhydrous and substantially acid-
free conditions 1) a transition metal precurser having a formula {{{ MB)wXﬁ L C A e 2) 2
Group 1 or Group 2 metal C5-Cys carboxylate; and 3) a first solvent to form a transition metal
carboxylate, wherein M" s a transition metal in the +x oxidation state where X is an integer from +1
to +6, each X independently is an anionic ligand baving charge y where v is an infeger from -3 to -1,
each L independently is a neutral ligand, 7 is an integer from G to 7, m is an integer from -4 to 4,
m={y * x1) +{x * y1}, Cis a cationic specics having a charge ¢ and ¢ is an integer from +1 to +3, A
15 an anionic species baving a charge a and a is an integer from -1 1o -3, and whenm < §,

m*g=c*mlandn?2=0, whenm=0,ml =0, mndm=0corwhenm>0, m¥qg=la*m2 and

ml = (. Inan embodiment, the transition metal precursor that can be utilized in the process can have
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a formula MBKXLEV where M® is a transition metal in the x oxidation state and x is an integer from { to
6; each X mdependently is a monoanionic lgand; each L independently is a neutral ligand; and £ is an
integer from 0 1o 7. In some embodiments, the transition metal, M* can be, comprise, or consist
essentially of, T1, Zr, V, Nb, Cr, Mn, Fe, Co or Cu. In other embodiments, the fransition metal
precursor has a formula Ci2GL, where each X independently is an anionie ligand having charge y
where v 1s an integer from -3 to -1, each L independently is a neutral ligand, 7 is an integer from § o

-
!,

[8888] In an embodiment, the Group | or Group 2 metal C3-Cy;s carboxylate uiilized in the process
can have a formula ( I\/I’A‘}q[(OzC)rRlc}s where M™ is a Group 1 or Group 2 metal, ((,C)R" canbe a Cs-
(s carboxylate where r can be an integer from 1 to 4 and R'° can be a hydrocarbon group or a
substituted hydrocarbon group, g can be r divided by the greatest common divisor of v and the
oxidation state of M®, and s can be the oxidation state of M” divided by the greatest common divisor
of r and the oxidation state of M®. In other cmbodiments, the Group 1 or Group 2 metal (5-Cys
carhoxylate can be, comprise, or consist essentially of, a Group 1 or Group 2 metal C3-Cys
monecarboxylate. In yet other embodiments, the Group | or Group 2 metal carboxylate can have a
formala M*0,CR* where M” can be a Group | metal, G,CR™ can be, comprise, or consist essentially
of, a C2~Cys monocarboxylate, and R™ can be a hydrocarbyl group or a substituted hydrocarbyl group.
In further embodiments, the carboxylate of the Group 1 metal carboxylate comprises & propionate, 2
butyrate, a pentanoate, a hexanoate, a heptanoate, an octanoate, a nonanoate, a decanoate, an
undecanoate, a dodecanoate, a tridecanoate, a tetradecanoate, 8 pentadecancate, a hexadecanoate, a

heptadecanoate, an octadecanoate, or any combination thereof; or aliernatively, 2-ethyibexanoate.

18006] 1o an cmbodiment, the first solvent utilized in the process can be, comprise, or congist
essentially of, a non-polar solvent. In some embodiments, the first solvent can be, comprise, or
consist gssentially of, a polar solvent. In other embodiments, the first solvent can comprise a Co-Cyg
ether, a C:-Cyy thiocther, a C)-Cyp mitrile, a C)-Cg amine, or a C5-Cg phosphine, or any combination

thereof.

18867] In an aspect, the present application is directed to a transition metal carboxylate composition
prepared by any process described hercin, In some embodiments, the present application is directed

to a chromiom(l) carboxylate composition prepared by any process described herein.

[B808]  In anaspect, the present application is directed to a chromium carboxvlate composition
prepared by any process described herein. In another aspect, the present application is directed to &

N

chromium carboxylate composition having a distinctive infrared adsorption peak characteristic(s)
and/or distinctive infrared adsorption pesk ratio(s). In an embeodiment, the chromium carboxylate
composition can have a KBr pellet infrared adsorption spectrum with a v (COn) peak infrared

adsorption peak within 110 cm™ of the . (CO)) infrared adsorption peak. In some embodiments, a
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chromium carboxylate composition can further have a KBr pellet infrared adsorption spectrum having
an infrared absorbance peak beight ratio of a L.y, (CO,) infrared absorbance peak at 1516 £ 15 em
to infrared absorbance peak focated at 700 + 50 e’ greater than or equal to 311, an infrarcd
absorbance peak height ratio of an infrared absorbance peak at 1516+ 15 cm™ to an infrared
absorbance peak at 1429 + 15 ¢ greater than or cqual to 0.5:1, having an infrared absorbance peak
height ratio of a vy, (CO,) infrared absorbance peak located at 1616 £ 20 cm toa Uasym (C02)
infrared absorbance peak at 1429 =+ 15 cm™' fess than or equal to $.8:1, and/or having an infrared
absorbance peak height ratio of a ., (CO,) infrared absorbance peak located at 1429 + 1Sem” to a
Uasym {0} infraved absorbance peak at 1685 + 20 con’ greater than or equal to 3.5:1. fn some
embodiments, the chromiun(1il) carboxylate composition having a distinctive infrared adsorption
spectrum feature(s) can comprise a Cy 10 Oy carboxylate; alternatively, comprises propionate, a
butyrate, a pentanoate, a hexanoate, a heptancate, an octanoate, a nonancate, a decanoate, an
undecanecate, a dodecancate, a tridecanogate, a tetradecanoate, a pentadecanoate, a hexadecanoate, a
heptadecanoate, an octadecancate, or any combination thercof; or alternatively, comprises 2-

cthrythexanoate.

180809]  In anaspect, the present disclosure is directed to 2 chromium carboxylate composition
having a distinetive high encrgy Xe-ray diffraction g{v) versus 1 spectrom feature(s). Inan
embodiment, the present invention 18 directed to a chromiinn carboxylate composition having 2
goodness of fit test value, R, greater than 0.6 when comparing high-energy X-ray diffraction g(r) data
points of the chrondum{IIl) carboxylate composition to a caleulated high cuergy X-ray diffraction g{v)
data points of a theoretical model of mononuciear chromium(1l) acetate over an r range from 1.3
Angstroms to 4 Angstroms. In some embodiments, the chromium(Ti) carboxyiate composition
having distinctive high energy X-ray diffraction g{1) versus ¥ specirum feature(s) can comprise a (5 to
s carboxvlate; alternatively, comprises propiounate, a butyrate, a pentanoate, a hexanoate, a
heptanoate, an octangate, a4 nonanoate, a decancate, an undecanoate, a dodecanoate, a tridecanoate, a
tetradecanocate, a pentadecanocate, a hexadecanoate, a heptadecanoate, an octadecanoate, or any

combination thereof, or alternatively, comprises 2-ethythexanoate.

BRIEF DESCRIPTION OF THE FIGURES
{8618] FIGURE 1 is a picture of an isolated transition metal carboxylate {chromium(iii) 2-
cthrythexanoate) of the present disclosure.
{8011] FIGURE 2 1s a picture of an isolated commercially available transition metal carboxylate
(chromium(I]) 2-cthylhexanoate).
[8812] FIGURE 3 provides an IR spectrom for a first commercially available chromium(IH) 2-

ethylhexanoate composition.
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8013} FIGURE 4 provides an expanded section, 2000 cm™ to 1000 em™, of the IR spectrum for the

first commercially available chromivm(Ill) 2-cthyihexanoate composition.

{8814] FIGURE 5 provides an IR spectrum for a second commercially available chromivm(HI) 2-

ethyihexanoate composition.

18015 FIGURE 6 provides an expanded section, 2000 cm™ 1o 1000 env’!, of the IR spectrum for the

second commercially available chromium{IH) 2-cthythexanoate composition.

[8816] FIGURE 7 provides an IR spectrum for a chromium(1il) 2-cthythexanosate produced
according to the methods disclosed herein wherein the sodimm 2-ethylhexanoate to CrCly(THEF),

molar ratio was approximately 3:1.

{86171 FIGURE B provides an expanded section, 2000 e to 1000 em’!, of the IR spectram for a
chromium(1i) Z-ethythexancate produced according to the methods disclosed herein wherein the

sodium 2-cthythexanoate to CrCL{THE); molar ratio was approximately 3.

[8018] FIGURE 9 provides an IR spectrom for a chromium{Ji) 2-ethylhexanoate produced
according to the methods disclosed herein wherein the sodiom 2-cthylhexanoate to CrCL(THE),

molar ratio was approximately 3.1: 1.

#8019} FIGURE 10 provides an expanded section, 2000 cm™ to 1000 em™, of the IR spectrum for a
chromium{1Il} 2-cthythexanoate produced according to the methods disclosed herein wherein the

sodium 2-ethythexanoate to CrCls{THF); molar ratio was approximately 3.1:1.

19028]  FIGURE 11 provides an IR spectrum for chromium{ill) 2-cthylbexanoate produced
according to the methods disclosed hevein wherein the sodium 2-ethylhexanoate to CrClL{THF);

molar ratio was approximately 3.3:1.

[8621] FIGURE 12 provides an expanded section, 2000 em™ to 1000 em™, of the IR spectrum for a
chromium(1i) Z-ethythexancate produced according to the methods disclosed herein wherein the

sodium 2-cthythexanoate to CrCL{THE); molar ratio was approximately 3.3:1.

18022] FIGURE 13 provides an IR spectrum for the sodivm free chvomium{ 111 2-cthylthexanoate
produced according to the methods disclosed hercin wherein the sodium 2-ethylhexanoate to

CrCL{THF); molar ratio was approximately 3.3:1.

(8023} FIGURE 14 provides an expanded seetion, 2000 co to 1000 em™, of the TR spectrum for
the sodimm free chromium(i) 2-cthythexanoate produced according to the methods disclosed herein
wherein the sodium 2-cthythexanoate to CrCL{THF): molar ratio was approximately 3.3:1.

[8824] FIGURE 15 provides an iR spectrum for the chromium(IH) 2-ethylhexanoate produced
according to the methods disclosed herein wherein the sodium 2-cthylhexanoate to CrCl(THEF ),

molar ratio was approximately 4:1.
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[8025] FIGURE 16 provides an expanded section, 2000 cm™ to 1000 cm™, of the TR spectrum for
the chromium{il) Z-cthylhexanoate produced according to the methods disciosed herein wherein the

sodium 2-ethylhexanoate to CrCli(THF); molar ratio was approximately 4:1.

19826] FIGURE 17 provides a comparison between the high energy X-ray ditfraction g(r) data
points of a chromiom(H) 2-cthyl hexanoate composition prepared according to the procedures
described herein and the high energy X-ray diffraction g{1) data points of a first commercially

available chromium(li) Z-ethyl hexanoate composition.

18827] TFIGURE 18 provides a comparison between the high energy X-ray diffraction gx) data
points of a chromivm(HI} 2-cthyl bexanocate composition prepared according to the procedures
described herein and the high energy X-ray diffraction g{v) data poiunts of a literature reporied

chromium{1ll) 2-cthy! hexanoate composition.

{BO28] FIGURE 19 provides a comparison between the high energy Xoray diffraction g(v) data
points of a chromivm(HI) Z-ethyl hexanoate composition prepared according to the procedures
described berein and an optimized calculated high encrgy X-ray diffraction gir) data points of a

theoretical mononuclear chromium{ill) acetate model.

19029 FIGURE 20 provides a comparison between the high energy X-ray diffraction g(r) data
points of a commercially available chromium{1ll} 2-ethyl hexanoate composition and an optimized
calculated high energy Xeray diffraction g(v) data points of a theoretical mononuoclear chrombm{I1)

acetate model.

{8638 FIGURE 21 provides a comparison between the high encrgy X-ray diffraction g{x} data
pouns of a literature prepared chromium(1ll} 2-cthyihexanoate composition and an optimiized
calculated high energy X-ray ditfraction g(r) data points of a theoretical mononuclear chromium{1}

acetate model.

DETAILED DESCRIPTION OF THE INVENTION

{8631] In one aspect, this disclosure provides for synthetic approaches to prepare transition metal
carboxylate compositions, that is, compositions comprising at lcast one transition metal carboxylate
compound. The term carboxylate is used herein to describe chemical moistics that contain one or
more carboxylate fumetional group. For example, the Group | or Group 2 carboxylate starting
materials and the transition metal carboxylate compositions of this disclosure can encompass
carboxylate-containing moieties of the gencral formula (0,0, R'¢, where the carboxylate-containing
moiety has v carboxylate groups and 1 can be an iteger from 1 to 4. To this aspect, for example, the
methods of this disclosure are applicable to the preparation of compositions comprising stmple mono-

carboxylates such as O,CR™.
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[8832] A common synthetic approach to prepare transition metal carboxylate compositions
involves reacting a transifion metal acetate precursor with the corresponding carboxylic acid, for
example propanoic acid {CHCH,COLH), butyric acid (CH;CHL.CHL,COLHY, and the ke, For
example, commercial preparations of chromium (I11) carboxylates such as Cr(2-cthylhexanoate);
{(“Cr{EH)Y") typically entail heating chromium (11} acetate in the presence of excess 2-cthylhexanoie
acid. The resulting acetic acid, excess 2-cthythexanoic acid, and water typically are removed o the
extent possible by heating the reaction mixture under vacuum. Aliernatively, the chromium(iil)
carboxylate has been produced by the reduction of chromium trioxide o the presence of the
carboxylic acid where the reductant is the carboxylic acid. For example, commercial preparations of
chromim{1Hl) carboxylates such as Cr{2-cthylhexanoate): can entail heating a mixture comprising
chromiumm trioxide and excess of 2-ethylhexanoic acid. However, these methods typically can leave
residual carboxylic acid within the chromium(1ll} carboxylate compositions, introduce difficult to
remove water into the chromium(1il) carboxylate composition, and/or produce oligomeric chromium
carboxylate compounds. Because some of the intended applications of the resulting Cr(EH); are
water- and/or acid-sensitive, the presence of water and residual carboxylic acid can complicate the use
of these compositions i some applications. Addutionally, the presence protic carboxylic acids and
chromium carboxylate oligomers can introduce problems in the production of olefin oligomerization
catalyst systems and their subsequent use in oligomerizing olefins. For example, and not to be hmited
by theory, the protic carboxylic acids can consume cocatalyst and increasc catalyst system costs while
chromium carboxylate oligomers can fead 1o jnscluble products which must be filtered and/or increase
polymer production during olefin oligomerization. Accordingly, this disclosure provides synthetic
methods, which redace, minimize, or substantially eliminate undesirable protic sources, such as H,O
and/or carboxylic acid such as 2-cthylhexanoic acid, and/or minimize the presence of chromium
carboxylate oligomers. Specifically, this disclosure provides for an improved process for producing
transition metal carboxylate compositions comprising contacting a transition metal precursor and a
Group 1 or Group 2 metal Ci-Cys carboxylate in a polar aprotic solvent to provide a mixture

comprising a transition metal carboxylate.

[8833] To define more clearly the terms used herein, the following defimitions are provided. Unless
otherwise indicated, the following definitions are applicable to this disclosure. If a term is used in this
disclosure but is not specifically defined herein, the definition from the IUPAC Compendium of
Chemical Terminology, 27 Ed (1997) can be applied, as long as that definition does not conflict with
any other disclosure or defimtion applied herein, or render indefinite or non-enabled any claim to
which that definition is applied. To the extent that any definition or usage provided by any document
incorporated herein by reference conflicts with the definition or usage provided herein, the definttion

or usage provided herein controls,
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[8834] Groups of elements of the table are indicated using the mumbering scheme indicated in the
version of the periodic table of ¢lements published in Chemical and Engineering News, 63(5), 27,
1983, In some instances & group of clements can be indicated using a common name assigned to the
group; for example alkali metals for Group | elements, alkaline earth metals for Group 2 elements,
transition metals for Group 3-12 clements, and halogens for Group 17 clements.

[8838] Regarding claim transitional terms or phrases, the transitional term “comprising”, which is

LA TS

synonymous with “including,” “containing,” “having,” or “characterized by,” is inclusive or open-
ended and does not exclude additional, unrecited eloments or method steps. The ransitional phrase
“consisting of” exchudes any clement, step, or ingredient not specified in the claim. The transitional
phrase “consisting essentially of” limits the scope of a claim to the specified materials or steps and
those that do not materially affect the basic and novel charactenistic(s) of the claimed mvention. A
“consisting essentially of” claim occupics a middle ground between closed claims that arc writicn in a
“comsisting of” format and fully open claims that are drafted in a “comprising” format. Absent an
mdication to the contrary, when describing a compound or composition “consisting essentially of” is
not to be construed as “comprising,” but is intended to describe the recited component that inchides
materials which do not significantly alter the composition or method to which the term is applied. For
cxample, a feedstock consisting of & material A can include impurities typically present in a
commercially produced or coromercially available sample of the recited compound or composition.
When a claim includes different featores and/or feature classes (for example, a method step, feedstock
features, and/or product features, among other possibilities), the transitional torms comprising,
consisting esseutially of, and consisting of apply only to the feature class which is utilized and it s
possible to have different transitional terms or phrases utilized with different features within a claim.
For example, a method can comprise several recited steps (and other non-recited stops) but utilize 8
catalyst system preparation consisting of specific or alternatively consist of specific steps and/or

utilize a catalyst systera comprising recited compounends and other non-recited coraponents.

{8636] Within this disclosure, use of “comprising” or an equivalent expression contemplates the
use of the phrase “consisting cssentially of” “consists cssentially of,” or cquivalent expressions as an
alternative embodiments to the open-ended expression. Additionally, use of “comprising” or an
equivalent expression or use of “consisting essentially of” in the specification contemplates the use of
the phrase “consisting of,” “consists of,” or equivaicnt expression as an aiternative to the open-ended
expression or niddie ground expression, respectively. For example, “comprising” should be
understood to include “consisting essentially of,” and “consisting of” as alicmative embodiments for
the aspect, features, and/or clements presented in the specification unless specifically indicated

otherwise.

18037] The terms “a,” “an,” and “the” are intended, unless specifically indicated otherwise, to

inchude plural aliernatives (e.g., at least one). For instance, the disclosure of “a chromivm halide
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hydrate” is meant to encompass one chromium halide hydrate, or mixtires or combinations of more

than one chromivm halide hydrate unless otherwise specificd.

18038] 1o this disclosure, the torms first, second, and third, among others, can be utilized to
differcuntiate multiple cccurrences of a sumilar clement. For example g method can wtilize two or more
solvents in different steps of a method, or alternatively two different solvent in a mixture. The
differentiating term can be applied to any element described herein when necessary to provide a
differentiation. It should be understood that the numerical or alphabetical precedence of the
differentiating terms do not imply a particular order or preference of the element in a method or

compound described herein unless specifically specified otherwise,

18039]  In this disclosure, a process can have vualtiple steps or can include features having a number
of different clements (e.g., components in a catalyst system or components in an olefin trimerization
cligomerization process, among other features). This steps and/or elements can be designated
utilizing the series aj, b), ¢), eto., 1), i}, 1ii), ete., (&), {b), {¢), cte., and/or (i), (ii}, {iii), otc. {among
other desigunation series) as necessary to provide a designation for cach process step and/or clement.
1t should be understood that the numerical or alphabetical precedence of the designations within a
designation series does not imply a particular order or preference of the process step in a process
described herein, the feature(s) described herein, and/or an element(s) in a feature unfess specifically
specified othorwise or necessitated by other process stops, elements, and/or clement features.
Additionally, these designations series are provided to differentiate different process steps and/or
glements in 8 feature and can be utilized as necessary, and without regard to the designation series
utilized for a particular step, element, or feature utilized within this description as long as the
designation series consistently distinguish different features, different process steps, and/or different

elements of a feature.

[8848]  The torm “substantially anhydrous,” when referring to a compound, solation, solvent, or
general conditions, means that the amount of water 15 less than or equal to 100 ppm (by weight) based
apon the weight of the compound, solution, or solvent. The term “substantially dry,” when referring
{0 an atmosphere, means that the atmosphere, regardicss of the atmosphere’s composition, means that

the amount of water in the atmosphere is less than or equal to 100 ppm, by weight

{8841]  The term “acid-frec” refers o process being carried out without the discrete addition of an
acidic or protic compound or substance. For example, “acid-free” means that there has been no
addition of a carboxylic acid, mineral or inorganic acid, alcohol, or other protic compounds or
substances to the reaction or sohition described as “acid-free.” The term “acid-free” is not intended to
reflect a O ppm concentration of [H3O] or § ppm concentration of an acidic or protic source, as “acid-

free” conditions still can retlect the presence of small amounts of acid that can exist as contaminants

in an added component or can arise as a by-product during the cowrse of the reaction or preparation of
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a reaction solation. For example, the trapsition metal carboxylate(s) and transition metal carboxylate
composition{s} prepared by the disclosed methods can contain measurable amounts of free carboxylic
acid, or other protogenic compounds that can arise as contaminants ot as by-products during the
preparation of such compounds or compositions.  The term “substantially acid-free,” when referring
to a compound, solution, solvent, or general conditions, means that the amount of acid is less than or

equal to 1000 ppm (by weight) based upon the weight of the compound, solution, or sefvent.

18042} The terms “room temperature” or “ambient temperature” are used herein to describe any
temperature from 15 °C to 35 °C wherein no external heat or cooling source is divectly applied to the
reaction vessel. Accordingly, the terms “room temperature” and “ambicnt temperatire” encompass
the individual temperatures and any and all ranges, subranges, and combinations of subranges of
temperatures from 15 °C to 35 °C wherein no external heating or cooling source is divectly apphied to

the reaction vessel.

[8843]  The term “atmospheric pressure” 1s used herein to describe an earth air pressure wherein no
external pressure modifying means is utilized. Generally, unless practiced at extreme carth altitades,

“atmospheric pressure” is about latmosphere (alternatively, about 14.7 psi or about 101 kPa).

{8844] The tom “aprotic” is used herein to describe a solvent that is non-protogenic under the
given conditions. Thus, an “aprotic” compound ot solvent is not capabie of acting as a proton donor,
either strongly or weakly acidic as a Bronsted acid, under the specific conditions. For example,
acetonitrile can be an aprotic solvent even though it can be deprotonated in the presence of 2 strong

base such as potassium ferf-butoxide.

{8845] For any particular compound disclosed herein, the general structure or name presented is
aise infended to encompass all structural isomers, conformational ispmers, and stereoisomers that can
arise from a particular sct of substituents, unless indicated otherwise. Thus, a general reference to a
compound inchudes all structural isomers unless explicitly imdicated otherwise; e.g., a general
reference to pentane includes n-pentane, 2-methyl-butane, and 2,2-dimethylpropane while a general
reference to a butyl group inchudes an n-butyl group, a sec-butyl group, an iso-butyl group, and a tort-
butyl group. Additionally, the reference 1o a general structure or name cncompasses all enantiomers,
diastereomers, and other optical isomers whether in enantiomeric or racemic forms, as well as
piixtures of steresisomers, as the context permits or requires. For any particular formula or name that
is presented, any general formula or name presented also encompasses all conformational isomers,

regioisomers, and stereoisomers that can arise from a particular set of substifuents.

8846] A chemical “group” is described according to how that group s formally derived from a
reference or “parent” compound, for example, by the number of hydrogen atoms formally removed
from the parent compound to generate the group, even if that group is not literally synthesized in this

manner. These groups can be utilized as substitucnts or coordinated or bonded to metal atoms. By
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way of example, an “alkyl groop” formally can be derived by removing one hydrogen atom from an
alkanc, while an “alkylene group” formally can be derived by removing two hydrogen atoms from an
alkane. Moreover, a more general term can be used to encompass a varicty of groups that formally
can be derived by removing any number (“one or more”) hydrogen atoms from a parent compound,
which in this example can be described as an “alliane groop,” and which encompasses an “alkyl
group,” an “alkylene group,” and materials have three or more hydrogens atoms, as necessary for the
situation, remoeved from the alkane. Throughout, the disclosure that a substitucnt, Hgand, or other
chemical moicty can constitute a particular “group” troplies that the well-known rules of chemical

stracture and bonding are followed when that group s emaployed as described. When describing a

9% £% 59

group as being “derived by,” “derived from,” “formed by,” or “formed from,” such terms are used in a
formal sense and are not intended to reflect any specitfic synthetic methods or procedure, unless
specified otherwise or the context requires otherwise. Other identifiers or gualifving terms may be
utilized to indicate the presence or absence of a particular substituent, a particular regiochemistry

and/or stereochemistry, or the presence or absence of a branched umderlying structure or backbone.

{8847] The term “substitted” when vsed to describe a group, for example, when referring to a
substituted analog of a particular group, s intended to describe any non-hydrogen moiety that
formally replaces a hydrogen in that group, and is intended to be non-lintting. A group or groups can
also be referred to herein as “unsubstituted” or by cquivalent terms such as “non-substituted,” which
refers to the original group in which a non-hydrogen motety does not replace 8 hydrogen within that
group. “Substituted” 1s intended to be non-limiting and inclade inorganic substituents or organic

substituents.

[048] A “carboxylate” is an anionic organic group having the general forraula [ZC(=0)0] where Z

represents any organyl group.

{8049] A “nitrile” is an organic compound having the formula R'C= N, wherein R' is provided
herein. Aliphatic nitriles are nitriles which do not contain aromatic groups. Aromatic nitriles are

nitriles which have aromatic groups (e.g. benzonitrile).

[8050]  An “cther” is an organic compound having the formula R-O-R” wherein R” and R are
provided herein. Aliphatic cthers are ethers which do not have aromatic groups. Aromatic cthers are
cthers which have aromatic groups {either containing or not containing the ether oxygen atom).
Acyelic cthers are ethers in which the ether oxygen atom is not contained in a ring (but can have a
ring, aliphatic or aromatic, as or within R” and/or R”). Cyclic cthers are ethers wherein the cther
oxygen atom is incorporated within 2 ring {cither an aliphatic ring or aromatic ring). Aliphatic cyclic
ethers arc cyclic cthers wherein the other oxygen atom is incorporated within an aliphatic ring (c.g.

tetrahydrofiman, 2,3-dihydrofuran, pyran, among others). Aromatic cyclic cthers are ethers wherein
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the ether oxygen atom is incorporated within an aromatic ring or aromatic ring system {e.g. furan,

benzofuran, isobenzofuran, among others).

[8051] A “thiocther” is an organic compound having the fornmila R*-8-R’ wherein R* and R’ are
provided herein. Aliphatic thicethers are thiocthers which do not have aromatic groups. Aromatic
thioethers are ethers which have aromatic groups {either containing or not containing the thiocther
sulfirr atom). Acyclic thioethers are thioethers in which the thicether selfur atom s not contained in a
ring (but can have ring, aliphatic or aromatic, as or within R” and/or R"). Cyelic thioethers are
thioethers wherein the thivether sulfur atom is incorporated within a ring {cither an aliphatic ring or
aromatic ring). Aliphatic cyclic thioethers are cyclic thiocthers wherein the thioether suifur ato is
meorporated within an aliphatic ring (e.g. tetrahydrothiophenc, thiane, among others). Aromatic
cyclic thioethers are thiocthers wherein the thioether sulfor atom 1s incorporated within an aromatic

ring or arcmatic ring system {(e.g. thiophene, benzothiophene, among others).

[8052]  An “amine” is an organic compound having the formula NRPR'R®, NHRR', NH,R®, or NH;,
wherein R, R7, and R® are provided herein. Aliphatic amines are amines which do not bave aromatic
groups. Aromatic amines are amines which have aromatic groups {either containing or not containing
the amine nitrogen atom). Acyclic amines are amines in which the amine nitrogen atom is not
contained in a ring {but can have a ring, aliphatic or aromatic, as or within R®, R, and/or R%). Cyclic
amings arc amines wherein the anine nitrogen atom is incorporated within a ring {cither an aliphatic
ring or aromatic ring). Aliphatic cyclic amines are cyclic amines wherein the amine nitrogen atom is
ncorporated within an aliphatic ring (e.g. pyrrolidine, piperidine, among others). Aromatic cyclic
amines are amines wherein the amine nitrogen atom is incorporated within an aromatic ring or

aromatic ring system {(e.g. pyridine, pyrrole, indole, among others).

18053F A “phosphine” is an organic compound having the formula PRERRY, PHRRY, or PH,R®,
wherein R”, R, and R' are provided herein. Aliphatic phosphines are phosphines which do not have
argmatic groups. Aromatic phosphines are phosphines which have aromatic groups (either containing
or not containing the phosphine phosphorus atom). Acyclic phosphines are phosphines in which the
phosphine phosphorus atom is not coniained in a ring {but can have a ring, aliphatic or aromatic, as or
within %, R', and/or R''). Cyclic phosphines are phosphines wherein the phosphine phosphorus
atom 18 incorporated within a ring {either an aliphatic ving or aromatic ring). Aliphatic cyelic
phosphines are cyclic phosphines wherein the phosphine phosphorus atom 1s incorporated within an
aliphatic ring (e.g. phospholane, phosphinane, among others). Aromatic cyelic phosphines are
phosphines wherein the phosphine phosphorus atom 1s incorporated within an aromatic ring or
aromatic ring system (e.g. phosphole, among others).

1
1

HOROR™ or
PH(O}(OR”){OR”), wherein R', RY, and R are provided herein. Aliphatic phosphites are

[8654] A “phosphite” 18 an organic compound having the formula P{OR
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phosphites which do not have aromatic groups. Aromatic phosphites are phosphites which have
aromatic groups {cither containing or not containing the phosphite phosphoros atom). Acyciic
phosphites are phosphites in which the phosphite phosphorus atom s not contained in a ring (but can
have a ring, aliphatic or aromatic, as or within R'%, R", and/or R'). Cyclic phosphites are phosphites
wherein the phosphite phosphorus atom is incorporated within a ring (either an aliphatic ving or
aromatic ring). Aliphatic cyclic phosphiies are cyclic phosphites wherein the phosphite phosphorus
atom 1s incorporated within an aliphatic ring. Aromatic cyclic phosphites are phosphites wherein the

phosphite phosphorus atom is incorporated within an aromatic ring or aromatic Ting system.

{8835]  The term “cyclic” as compared to an “acyclic” when referring to an cther, thioether, amine,
phosphine, or phosphite is used o refer to a compound in which the heteroatom O, 5, N, or P,
respectively, is encompassed within a eyclic structure, which alse encompasses the R” and R groups
of the cther R*-O-R’, the R and R’ groups of the thioether R-8-R, any combination of R® R, and
R of the amine NR'R'R" or NHR®R, any combination of R”, R'%, and " of the phosphine PRR''R!
or PHROR'™ or any combination of R, R", and R" of the phosphite PEOR™ORHOR™ or
PH{OYOR'OR"). For example, a “cyclic ether” is an analog of the acyclic ether structure R*-O-R”,
in which R” and R arc generally as provided above in describing the (acyelic) ether R%-O-R7, except
that R” and R’ arc linked or bonded to cach other by removing a hydrogen atom from cach of R and
R’ and forming a bond between R” and R” where the hydrogen atoms were removed 8o as to form a
cyclic structure that includes the ether oxygen. Tetrahydrofuran (THF) is a prototypical cyclic ether
that can be formally derived by removing a hydrogen atom from each CHs groups of diethy! ether
(CHCH,OCHCH3) or a hydrogen atora from each CH; groups of methyl n-propyl ether
{CHCHL,CHL,OCH,), followed by hinking or bonding the two carbons from which the hydrogen atoms
are removed. Similarly, the cyclic ether Z-methyloxetane can be formally derived by removing a
hydrogen atom from the CH; group of one cthyl group of cthyl ether and a hydrogen atom from the
(CH. of the other cthyl group of diethy! ether (CH;CH,OCH,CH,), followed by a formal linking of the

two carbous from which the hydrogen atoms are removed.

{80886] The term “organy! group” is used berein in accordance with the definition specified by
TUPAC: an organic substituent group, regardless of functional type, having one free valence ata
carbon atom. Similarly, an “organylence group” refers to an organic group, regardless of functional
type, derived by removing two hydrogen atoms from an organic compound, either two hydrogen
atoms from one carbon atom or one hydrogen atom from cach of two different carbon atoms. Awn
“organic group” refers to a generalized group formed by removing one or more hydrogen atoms from
carbon atoms of an organic compound. Thus, an “organyl group,” an “organylene group,” and an
“organic group” can contain organic functional group(s) and/or atom(s} other than carbon and
hyvdrogen, that is, an organic group that can comprise functional groups and/or atoms in addition o

carbon and hydrogen. For instance, non-hmiting examples of atoms other than carbon and hydrogen
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can inchude, but is not Hmited to, halogens, oxygen, sulfur, nitrogen, and phosphorus, among other
clemenis. Non-limiting examples of functional groups inclade ethers, aldehydes, ketones, esters,
sulfides, amines, and phosphines, and so forth. In one aspect, the hydrogen atom{s) removed to form
the “organyl group,” “organylene group,” or “organic group” can be attached to a carbon atom
belonging to a functional group, for example, an acyl group (-C{OR}, a formyl group (-C(O¥H), 2
carboxy group (-C{OYOH), a hydrocarboxycarbony! group (-C{OYOR}, a cyano group (-C=N), a
carbamoyl group (-C(OINH,), a Mhydrocarbyicarbamoyl group (-C{OINHR), or
N.N"-dihydrocarbylcarbamoyl group (-C{ONR,), among other possibilities. In another aspect, the
hydrogen atom{s) removed to form the “organyl group,” “organylene group,” or “organic group” can
¢ attached to @ carbon atom not belonging to, and remote from, a functional group, for example,

2% &

-CHLC(OYCH,, and -CH,NR,, among other elements. An “organyl group,” “organylene group,” or
“organic group” can be aliphatic, inclusive of being cyclic or acyclic, or can be aromatic. “Organyl
groups,” “organylene groups,” and “organic groups” also can encompass heteroatonm-containing rings,
heteroatom-containing ring systems, heteroaromatic rings, and heteroaromatic ring systems. “Organyl
groups,” “organylene groups,” and “organic groups” can be linear or branched umless otherwise
specified. Finally, it is noted that the “organyl group,” “organylene group,” or “organic group”

2% &

definitions imchude “hydrocarbyl group,” “hydrocarbylene group,” “hydrocarbon group,” respectively,

23 wC

and “alkyl group,” “alkylene group,” and “alkane group,” respectively, as members.

{88571  The torm “organyl group consisting of inert functional groups” refers to an organy! group
wherein the organic functional group(s) and/or atom(s) sther than carbon and hydrogen present in the
functional group are restricted to those functional group(s) and/or atom(s) other than carbon and
hydrogen which do not complex with a metal compound and/or are inert under the process conditions
defined herein. Thus, the term or variation of the term “organyl groups consisting of inert functional
groups” further defincs the particular organy! groups that can be present within the organy! group
consisting of inert functional groups. Additionally, the term “organyl group consisting of inert
functional groups™ can refer to the presence of one or more inert functional groups within the organyi
group. The term or variation of the term “organyl group consisting of mmert functional group” includes
the hydrocarbyl group as a member, Similarly, an “organylene group consisting of inert fumctional
groups” refers 1o an organic group formed by removing two hydrogen atoms from one or two carbon
atoms of an organic compound consisting of inert functional groups and an “organic group consisting
of inert functional group” refers to a generalized organic group consisting of inert functional groups
formed by removing one or more hydrogen atoms from one or more carbon atoms of an organic
compound consisting of inert functional groups.

[8058]  For purposes of this apphication, an “inert fimctional groop” is a group having a free valence
on a heieroatom which does not substantially interfere with the process described herein in which the

material having an inert functional group takes part and/or dees not complex with the metal
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compound of the metal complex. The term “does not complex with the metal compound” can include
groups that could compiex with a metal compound but in particular molecules described herein may
not complex with a metal compound due to its positional relationship within a ligand. Thus, the
mertness of a particular functional group is not ondy related to the functional group’s inherent nability
to complex the metal compound but can also be related to the functional group’s position within the
metal complex. Non-limiting examples of inert functional groups which do not substantially interfere
with processes described herein can include 2 halide (fluoride, chiloride, bromide, and 1odide), nitro,
hyvdrocarboxy groups {c.g, alkoxy, and/or aroxy, among others), and/or hydrocarbosulfidy! groups

{(e.g., RS-}, among others.

[8059]  The term “hydrocarbon” whenever used in this specification and claims refers to a
compound containing only carbon and hydrogen. Other identifiors can be utilized to indicate the
prescnce of particular groups in the hydrocarbon {e.g. halogenated hydrocarbon indicates that the
presence of omne or more halogen atoms replacing an equivalent number of bydrogen atoms o the
hydrocarbon). The term “hydrocarbyl group” is used herein in accordance with the definition
specified by TUPAC: a univalent group formed by removing a hydrogen atom from a hydrocarbon
{that is, a group containing ouly carbon and hydrogen). Non-limiting examples of hydrocarbyl groups
inchude cthyl, pheoyl, tolyl, propenyl, and the like. Simtlarly, a “hydrocarbylene group” refers to a
group formed by removing two hydrogen atoms from a hydrocarbon, either two hydrogen atoms from
one carbon atom or one hydrogen atom from each of two different carbon atoms. Therefore, in
accordance with the terminology used herein, a “hydrocarbon group” refers to a generalized group
formed by remoeving one or more hydrogen atoros {as necessary for the particular group) from 2

39 CL}

hydrocarbon. A “hydrocarby! group,” “hydrocarbylene group,” and “hydrocarbon group™ can be
acyclic or cyclic groups, and/or can be Hnecar or branched. A “hydrocarbyl group,” “hydrocarbylene
group,” and “hydrocarbon group” can include rings, ring systems, aromatic rings, and arcmatic ring
systems, which contain only carbon and hydrogen. “Hydrocarbyl groups,” “hydrocarbylene groups,”
and “hydrocarbon groups” fnclude, by way of example, aryl, aryviene, arene groups, alkyl, alkylene,
alkanc group, cycloalkyl, cycloalkylene, cycloalkane groups, aralkyl, aralkyviene, and aralkane groups,

respectively, among other groups as members.

{88601  An aliphatic compound is an acychc or eyclic, saturated or unsaturated, carbon compound,
excluding asromatic compounds. An “aliphatic group” is a generalized group formed by removing one
or more hydrogen atoms (as necessary for the particular group) from the carbon atom of an aliphatic
compound. Aliphatic compounds and aliphatic groups can contain organic functional group(s) and/or
atom(s) other than carbon and hydrogen,

[8861] The term “alkane” whenever used in this specification and claims refers to a saturated
hydrocarbon compound. Other identifiers can be utilized to indicate the presence of particular groups

in the alkane {e.g. halogenated atkane indicates that the presence of one or more halogen ators
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replacing an equivalent number of hydrogen atoms in the alkane). The term “alloyl group” is used
hercin in accordance with the definition specified by IUPAC: a univalent group formed by removing
a hydrogen atom from an alkane. Similarly, an “alkylene group” refers to a group formed by
removing two hydrogen atoms from an alkane (either two hydrogen atoms from one carbon atom or
one hydrogen atom from two different carbon atoms). An “alkane group” is a general term that refers
to a group formed by removing onc or more hydrogen atoms (as necessary for the particular group)
from an alkane. An “alkyl group,” “alkylene group,” and “alkanc group” can be acyelic or oyelic
groups, and/or can be lincar or branched unless otherwise specified. Primary, secondary, and tertiary
alkyl group are derived by removal of a hydrogen atom from a primary, secondary, tertiary carbon
atom, respectively, of an alkane. The n-alkyl group derived by removal of a hydrogen atom from a
terminal carbon atom of a linear alkane. The groups RCH; (where R is not H), RyCH {(where R is not

H}, and R:C {(where R is not H) are primary, secondary, and tertiary alkyl groups, respectively.

19062] A “cycloalkance” is a saturated cychic hydrecarbon, with or without side chaiuos, for example,
cyclobutane., Unsaturated cyclic hydrocarbons having one or more endocyclic double or one triple
bond are calied cycloalkenes and eycloalkynes, respectively. Cycloalkenes and cycloalkynes having
only ong, only two, only three, and so forth, endocyclic double or triple bonds can be identified by use
of the torm “mono,” “di,” “tri,” and so forth, within the name of the cycloalkene or cycloalkyne.
Cycloalkenes and cycloalkynes can further identify the position of the endocyclic double or triple
bonds. Other identifiers can be utilized to indicate the presence of particular groups in the
cycloalkane (e.g. halogenated cycloalkane indicates the presence of one or more halogen atoms

replacing an equivalent mumber of hydrogen atoms in the cycloalkane).

198631 A “cycloalkyl group” is a univalent group derived by removing a hydrogen atom from a ring
carbon atom of a cycloalkane, For example, a 1-methyleyclopropyl group and a 2-methyicyclopropyl
grovy are itlustrated as follows.

*

(oo

ey

Hpo—CH, HyC

Statlarly, a “cycloalkylene group” refers to a group derived by removing two hydrogen atoms from a
cycloalkane, at least one of which s a ring carbon. Thus, a “cycloalkyiene group” includes both a
group derived from a cyeloalkane in which two hydrogen atoms are formally removed from the same
ring carbon, a group derived from a cycloalkanc in which two hydrogen atoms are formally removed
from two different ving carbons, and a group dertved from a cycloalkane in which a first hydrogen
atom 18 formally removed from a ring carbon and a second hydrogen atom is formally removed from 4
carbon atom that 1s not a ring carbon. A “cycloalkane group” refers to a generalized group formed by

removing one or more hydrogen atoms {as necessary for the particular group and at least one of which
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1s a ring carbon) from a cycloalkane. It should be noted that according to the definitions provided
hercin, gencral cycloalkane groups (including cycloalky! groups and cycloalkylene groups) inciude
those having zero, one, or more than one hydrocarbyl substitucuot groups attached 1o a cycloalkane
ring carbon atom (e.g. a methyleyclopropyl group) and 1s member of the group of hydrocarbon
groups. However, when reforring to a cycloalkane group having a specified mumber of cycloalkane
ring carbon atoms {e.g. cyclopentanc group or cyclohexanc group, among others), the base name of
the cycloalkane group having a defined number of cycloalkane ring carbon atoros refers to the
unsubstituted cycloalkane group (including having no hydrocarbyl groups located on cycleatkane
group ring carbon atom). Consequently, a substituted cycloalkane group having a specified number
of ring carbon atoms (e.g. substitated cyclopentane or substituted cyclohexane, among others) refers
to the respective group having one or more substituent groups (including halogens, hydrocarbyl
groups, ot hydrocarboxy groups, among other substituent groups) attached to a cycloalkane group ring
carbon atom. When the substituted cycloalkane group having a defined number of cycloalkane ring
carbon atoms is 3 member of the group of hydrocarbon groups (or a member of the general group of
cycloalkane groups), cach substituent of the substitoted cycloalkane group having a defined number
of cycloalkane ring carbon atons 1s lumited to hydrocarbyl substituent group. Oue can readily discern
and select general groups, specific groups, and/or individual substituted cycloalkane group(s) having a
specific momber of ring carbons atoms which can be utilized as member of the hydrocarbon group (or

a member of the gencral group of cycloalkane groups).

[8864] The tom “olefin” whenever used in this specification and claims refers to compounds that
have at least one carbou-carbon double bond that is not part of an aromatic ring or ring systern. The
term “olefin” includes aliphatic and aromatic, cyclic and cychic, and/or linear and branched
compownds having at least one carbon-carbon double bond that is not part of an aromatic ring or ring
system unless specifically stated otherwise. The term “olefin,” by itself, does not indicate the
presence or absence of heteroatoms and/or the presence or absence of other carbon-carbon double
bonds unless explicitly indicated. Olefing having only one, only two, only three, and so forth, carbon-

2% Ce

carbon double bonds can be identified by use of the term “mono,” “di,” “&ri,” and so forth, within the
name of the olefin. The olefins can be further identificd by the position of the carbon-carbon doable

bond(s).

{8865] The tom “alkene” whenever used in this specification and claims refers to a hydrocarbon
clefin that has at least one non-aromatic carbon-carbon double bond. The term “alkene” includes
aliphatic or aromatic (an alkene having an aromatic substituent within the compound), cyelic or
acyclic, and/or linear and branched compounds having at least one non-aromatic carbon-carbon
doubic bond unless expressly stated otherwise. Alkenes having only one, only two, only three, and so
forth, carbon double bonds can be identified by use of the term “mono,” “di,” “tr,” and so forih,

within the name. For example, alkamonoenes, alkadienes, and alkatrienes refer to a linear or
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branched hydrocarbon olefins having only one carbon-carbon double bond (general formula C Hy,),
only two carbon-carbon double bonds {(general formula CnHy ), and only three carbon-carbon double
honds (general formula CyHoy 1), respectively. Alkenes can be further identified by the position of the
carbon-carbon double bond(s). Other identifiers can be utilized to indicate the presence or absence of
particular groups within an alkene. For example, a haloalkene refors to an alkene having one or more

hydrogen atoms replace with a halogen atom.

{8666] Axn “slkenyl group” is a univalent group derived from an aikene by removal of a hydrogen
atom from any carbon atom of the alkene. Thus, “afkeny! group” includes groups in which the
hyvdrogen atom is formally removed from a sp2 hybridized (olefinic) carbon atom and groups in which
the hydrogen atom is formally removed from any other carbon atom. For example and unless
stherwise specified, propen-1-yl (-:CH=CHCH;), propen-2-yl [{CH;)C=CH,}, and propen-3-yi
(-CHCH=CH,) groups are all cncompassed with the term “alkenyl group.” Similarly, an “alkenylenc
group” refers o a group formed by formally removing two hydrogen atoms from an alkene, cither two
hydrogen atoms from one carbon atom or one hydrogen atom from two different carbon atoms. An
“alkene group” refers to a generalized group formed by removing one or more hydrogen atoms {(as
necessary for the particular group) from an alkene. When the hydrogen atom is removed from a
carbon atom parficipating in a carboun-carbon double bond, the regiochemistry of the carbon from
which the hydrogen atom 1s removed, and regiochemistry of the carbon—carbon double bond can both
be specified. Alkenyl groups can also have more than one sach multiple bond. The alkene group can
also be further identified by the position of the carbon-carbon double bond(s). Other identifiers can
be utilized to indicate the presence or absence of particular groups within an alkene group. For
example, a haloalkene group vefers to an alkene group having one or more hydrogen atoms replaced

with a halogen atom.

18867] The term “alkyne” is used in this specification and claims to refer to a hydrocarbon
compound that has at least one non-aromatic carbon-carbon tripie bond. The term “alkyne” includes
aliphatic or aromatic (an alkyne having an aromatic substituent within the compound), cyclic or
acyclic, and/or linear and branched coropounds having at least onc non-aromatic carbon-carbon triple
bond unless expressly stated otherwise. Alkynes having only one, only two, only three, and so forth,

EL A4S

carbon-carbon tripie bonds can be identified by use of the term “mono,” “di,” “tr1,” and so forth,
within the name. For example, alkamonoynes, alkadiynes, and alkatriyvoes refer to a linear or
branched hydrocarbon olefing having only one carbon-carbon triple bond (general formula C Ho0),
only two carbon-carbon triple bonds (general formula CoHj6), and only three carbon-carbon friple
bonds (general formula CHy, 10), respectively. Alkynes can be further identified by the position of
the carbon-carbon iriple bond(s). Other identificrs can be utilized to indicate the presence or absence
of particular groups within an alkyne. For example, a baloalkyne refers to an alkyne having one or

more hydrogen atoms replace with a halogen atom.
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[8868]  An “allynyl group” is 8 univalent group derived from an alkyne by removal of a hydrogen
atom from any carbon atom of the altkyne. Thus, “alkynyl group” includes groups in which the
hydrogen atom is formally rermoved from a sp hybridized (acetylenic) carbon atom and groups in
which the hydrogen atom is formally removed from any other carbon atom. For example and unless
stherwise specified, propyn-1-yl (-C=CCH;) and propyn-1-y1 (HC=CCH,-} groups are all
encompassed with the term “alkyny! group.” Similarly, an “alkynyiene group™ vefers to a group
formed by formally removing two hydrogen atoms from an alkyne, either two hydrogen atoms from
one carbon atom if possible or one hydrogen atom from two different carbon atoms. An “alkyne
group” refers to a generalized group formed by removing one or more hydrogen atoms (a8 necessary
for the particular group) from an alkyne. Alkynyl groups can also have more than one such multiple
bond. The alkyne grovup can also be further identified by the position of the carbon-carbon triple
bond(s). Other identifiers can be uiilized to indicate the presence or absence of particular groups
within an alkyne group. For example, a baloalkyne group refers to an alkyne group having one or

more hydrogen atoms replaced with a halogen atom.

[8869] A “heteroeyclic compound” is a eyclic compound having at least two different elements as
ring member atoms. For example, heteroeychic compounds can comprise rings containing carbon and
nitrogen (for example, tetrahydropyrrole and pyrrole, among others), carbon and oxygen (for
example, tetrahydrofuran and fiman, among others), or carborn and sulfur (for example,
tetrahydrothiophene and thiophene, among others). Heterocyelic compounds and heterocyelic groups
can be either aliphatic or aromatic.

[8878] A “heterocyclyl group” is a anivalent group formed by removing a hydrogen atom from a
heterocyclic ring or ring systom carbon atom of 2 heterocyclic compound. By specifying that the
hydrogen atom is removed from a heterocyclic ring or ring system carbon atom, a “heterocyclyl
group” is distinguished from a “cycloheteryl group,” in which a hydrogen atort is removed from a
heterocyelhic ring or ring system heteroatom. For example, a pyrrohidin-2-yl group illustrated below is
one example of 8 “heterocyelyl group,” and a pyrrohidin-1-y1 groop ilastrated below is one example

of a “cycloheteryl” group.”

N
% .
pyrrolidin-2-vl pyrrolidin-1-yl
“heterocyclyl group” “cycloheteryl group”

Similarly, a “heterocyelylene group™ or more simply, a “heterocycelene group,” refers to a group
formed by removing two hydrogen atoms from a heterocyclic compound, at least one of which is from

a heterocyelic ring or ring system carbon. Thus, in a “heterocyclylene group,” at least one hydrogen
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1s removed from a heterocyclic ring or ring system carbon atom, and the other hydrogen atom can be
removed from any other carbon atom, including for example, the same beterocyclic ring or ring
system carbon atom, a different heterocyclic ving or ring system ring carbon atom, or a non-ring
carbon atom. A “heterocyclic group” refers to a generalized group formed by removing once or move
hydrogen atoms (as necessary for the particular group and at least one of which is a heterocyclic ring

carbon atom) from a heterocyclic compound.

18671] A “cycloheteryl group” is a univalent group formed by removing a hydrogen atom from a
heterocyclic ring or ring system heteroatom of a heterocyelic compound, as illustrated hercin, By
specifying that the hydrogen atom is removed from a heterocyelic ring or ring system heteroatom and
not from a ring carbon atom, a “cycloheteryl group” 1s distinguished from a “heterocyelyl group” in
which a hydrogen atom is removed from a heterocychic ring or ring system carbon atom. Similarly, 2
“cycloheteryiene group” refers to 8 group formed by removing two hydrogen atoms from an
heterocyelic compound, at least one of which is removed from a heterocyche ring or ring system
heteroatom of the heterocyclic compound; the other hydrogen atom can be removed from any other
atom, tncluding for example, a heterocyclic ring or ring system ring carbon atom, another heterocyclic
ring or ring system beteroatom, or 2 non-ring atom {carbon or heteroatom). A “cyelchetero group”
refers to 2 generalized group formed by removing one or muore hydrogen atoms {as necessary for the
particular group and at least one of which is from a heterocyclic ring or ring system heteroatom) from

a heterocyelic compound.

[8672]  An aromatic compound is a compound containing a cycheally conjugated double bond
system that follows the Hilckel (4n+2) rule and contains (4n+2) pi-clecirons, where o is an nteger

9

from 110 5. Aromatic compounds include “arenes”™ (hydrocarbon aromatic compounds) and
“heteroarencs,” also termed “hetarenes” (heteroaromatic compounds formally derived from arenes by
replacement of one or more methine (~C=} carbon atoms of the cyclically conjugated double bond
system with a rivalent or divaiont hetercatoms, in such a way as to maintain the continuous pi-
clectron system characteristic of an aromatic system and a number of out-of-plane pi-clecirons
corresponding to the Hickel rule (4n + 23, While arence compounds and heteroarcne compounds are
mutually exclusive members of the group of aromatic compounds, a compound that has both an arene
group and a hetercarene group are generally considered a heteroarene compound. Aromatic
compounds, arenes, and beteroarenes can be monocyclic {e.g., benzene, tohiene, furan, pyriding,
methylpyridine} or polveyelic unless otherwise specified. Polycyclic aromatic comapounds, arencs,
and heteroarenes, melade, unless otherwise specified, compounds wherein the aromatic rings can be
fused {e.g., naphthalene, benzoforan, and indole), compounds where the aromatic groups can be
separate and joincd by a bond {(c.g., biphenyl or 4-phenylpyriding), or compounds where the aromatic
groups are joined by a group containing linking stoms (e.g., carhon — the methylene group in

diphenyimethane; oxygen — diphenyl ether; nitrogen — triphenyl amine; among other hnking groups).
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As disclosed herein, the term “substituted” can be used {o describe an aromatic group, an arene, or a
heteroarenc wherein a non-hydrogen moiety formally replaces a hydrogen in the compound, and is

intended to be non-limiting,

96731 An “aromatic group” refers to a generalized group formed by removing one or more
hydrogen atoms (as necessary for the particular group and at least one of which is an aromatic ring
carbon atom) from an aromatic compound. For a univalent “aromatic groap,” the removed hydrogen
atom must be from an aromatic ring carbon. For an “aromatic group” formed by removing more than
one hydrogen atom from an aromatic compound, at least one hydrogen atom must be from an
aromatic hydrocarbon ring carbon. Additionally, an “aromatic group” can have hydrogen atoms
removed from the same ring of an aromatic ving or ring system (e.g., phen-1,4-viene, pyridin-2,3-
viene, naphth-1,2-ylene, and benzofuran-2,3-ylene), hydrogen atoms removed from two different
rings of a ring system (e.g., naphth-1,8-vlenc and benzofuran-2,7-ylene), or hydrogen atoms removed

from two isolated aromatic rings or ring systems {e.g., bis{phen-4-vienemethane).
fomt lated t g g syst ¢.g., bis{phen-4-vieneymeth

18074])  An arcne is an aromatic hydrocarbon, with or without side chains (e.g. benzene, toluene, or
xylene, among others). An “aryl group” 15 8 group derived from the formal removal of a hydrogen
atom from an aromatic ring carbon of an arene. It should be noted that the arene can contain a single
aromatic hydrocarbon ring (¢.g., benzene, or tohiene), contain fused aromatic rings {(e¢.g., naphthalene
or anthracene), and contain one or more isolated arematic rings covalently linked via a bond (e.g.,
biphenyl) or non-aromatic hydrocarbon group(s) (e.g., diphenylmethane). One example of an “aryl

group” is ortho-tolyi {o-tolyl), the stracture of which is shown here.

CH;,

Similarly, an "arylene group” refers to & group formed by removing two hydrogen atoms (at least one
of which is from an aromatic ring carbon) from an arcne. An “arene group” refers to a gencralized
group formed by removing one or more hydrogen atoms (as necessary for the particular grovp and at
ieast one of which is an aromatic ring carbon) from an arene. However, if a group contains separate
and distinct arcne and heterearene rings or ring systems {¢.g. the pheoyl and benzofuran motetics in
7-phenylbenzofuran) its classification depends upon the particular ring or ring system from which the
hydrogen atom was removed, that is, an arene group if the removed hydrogen came from the aromatic
hydrocarbon ring or ring system carbon atom {e.g. the 2 carbon atom in the phenyl group of
6-phenyibenzofuran) and a heteroarcne group if the removed hydrogen carbon came from a
hetoroaromatic ring or ring system carbon atom {e.g. the 2 or 7 carbon atom of the benzofuran group
ot &-phenylbenzofuran). It should be noted that according the definitions provided herein, general
arene groaps (including an aryl group and an arylene groop) mehide those having zero, one, or more

than one hydrocarbyl substituent groups located on an aromatic hydrocarbon ring or ring system
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carbon atom {(e.g. a toloene group or a xylene group, among others) and is a member of the groap of
hydrocarbon groups. However, a phenyl group (or phenylene group) and/or 2 naphthyl group (or
naphthylenc group) refer to the specific unsubstituted arene groups (ncluding no hydrocarbyl group
located on an aromatic hydrocarbon ring ov ring systern carbon atom). Consequently, a substituted
phenyi group or substitated naphthyl group refers to the respective arene group having one or more
substituent groups (including halogens, hydrocarbyl groups, or hydrocarboxy groups, amoung others)
located on an arcmatic hydrocarbon ring or ving system carbon atom. When the substituted phenyl
group and/or substituted naphthyl group 1s a member of the group of hydrocarbon groups {(or a
member of the general group of arene groups), cach substituent 15 limited to a hydrocarbyl substituent
group. One can readily discern and seloct general substituted phenyl and/or substituted naphthyl
groups, specific substituted pheayi and/or substitited naphthy! groups, and/or individual substituted
pheuyi or substituted naplthyl groups which can be utilized as 2 member of the group of hydrocarbon

groups (or a member of the general group of arene groups).

[8878] A heteroarene 1s aromatic compound, with or without side chains, having a heteroatom
within the aromatic ring or aromatic ring system (e.g. pyridine, mndole, or benzofuran, among others).
A “heteroaryl group” is a class of “heterocyelyi group™ and is a univalent group formed by removing
a hydrogen atom from a heteroaromatic ring or ring systern carbon atom of a heteroarene compound.
By specifying that the hydrogen atom is removed from a ring carbon atom, a “heteroaryl group” is
distinguished from an “arylheteryl group,” 1n which a hydrogen atom is removed from a
heteroaromatic ring or ring system heteroatom. For example, an indol-2-yl group tlustrated below is
one example of a “heteroaryl group,” and an indol-1-y] group iHlustrated below is one exanple of an

“aryihetery!” group.”

f
N

indol-2-yl mdol-1-yi

“heteroaryl group” “arylheteryl group”

Stmilarly, a “heteroarylene groap” refers to a group formed by removing two hydrogen atoms from a
heteroarene compound, at least one of which is from a heteroarene ring or ring system carbon atom.
Thus, i a “heteroaryione group,” at least one hydrogen is removed from a heteroarene ring or ring
system carbon atom, and the other hydrogen atom can be removed from any other carbon atom,
melading for example, a heteroarene ring or ring system carbon atom, or a non-heteroarene ring or
ring system atom. A “heteroarene group” refers to a generalized group formed by removing one or
more hydrogen atoms (as necessary for the particular group and at least one of which is a heteroarene

Ting ot ring system carbon atom) from a beteroarene compound. i a hydrogen atom is removed from
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a heteroaromatic ring or ring system hetercatom and from a heteroaromatic ring or ring system carbon
atom or an aromatic hydrocarbon ring or ring system carbon atom, the group is classified as an

“aryibeterylene group” or an “aryihetero group.”

19876]  Anaryibeteryl group” 15 a class of “cycloheteryl group” and is a univalent group formed by
removing a hydrogen atom from a heteroaromatic ring or ring system heteroatom, as illustrated. By
specifying that the hydrogen atom is removed from of a hetercaromatic ring or ring system
heteroatom and not from a hetercaromatic ring or ring systom carbon atom, an “arviheteryl group™ is
distinguished from a “hetercaryl group”™ in which a hydrogen aiom is removed from a heteroaromatic
ring OF a ring system carbon atom. Sumilarky, an “arylheterviene group” refers to a group formed by
removing two hydrogen atoms from a heteroaryl comopound, at least one of which is removed from a
heteroaromatic ring or ring system hetercatom of the heteroaryl compound; the other hydrogen atom
can be removed from any other atom, inchuding for example, a hetercaromatic ring or ring system
carhon atom, another heteroaromatic ing or ring systera heteroatom, or a non-ring atom (carbon or
heteroatom) from a hetercaromatic compound. An “arylhetero group” refers to a generalized group
formed by removing one or more hydrogen atoms (as necessary for the particalar group and at least

one of which is from a hoteroaromatic ring or ring system) heteroatom from a heteroarene compound.

18677 Axn “aralkyl group” is an aryl-substituted alkyl group having a free valance at a nou-
aromatic carbon atom {e.g. a benzyl group, or a 2-phenyleth-1-yi group, among others). Surailarky, an
“aralkylene group” is an aryl-substituted alkviene group having two free valencies at a single non-
aromatic carbon atom or a free valence at two non-aromatic carbon atoms while an “aralkane group”
1s & generalized is an aryl-substituted alkane group having one or more free valencics at a non-
aromatic carbon atom(s). A “heteroaralkyl group” is a hetercaryl-substituted alkyl group having a
free valence at a non-heteroaromatic ring or ring system carbon atom. Similarly a “heteroaralkylene
group” s a heteroaryl-substitited alkylene group having two free valencies at a single non-
hetoroaromatic ring or ring system carbon atom or a free valence at two non-heteroaromatic ring or
ring sysiem carbon atoms while a “heteroaralkanc group” is & generalized aryl-substituied alkane
group having one or more free valencies at a non-heteroaromatic ring or ving system carbon atom(s).
it should be noted that according the definitions provided herein, general aralkance groups include
those having zero, one, or more than one hydrocarbyl substituent groups located on an aralkane
aromatic hydrocarbon ring or ring system carbon atom and s a member of the group of hydrocarbon
groups. However, specific aralkane groups specifying a particular aryl group {e.g. the phenyl group in
a benzyl group ov a Z-phenylethyl group, among others) refer to the specific unsubstituted aralkane
groups (inchiding no hydrocarby! group located on the aralkane aromatic hydrocarbon ring or ring
system carbon atom). Counscquently, a substituted aralkane group specifying a particular aryl group
refers to a respective aralkane group having one or more substifuent groups (including halogens,

hydrocarbyl groups, or hydrocarboxy groups, among others}. When the substituted aralkane group
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specifying a particular aryl group is a member of the group of hydrocarbon grovps (or a member of
the gencral group of aralkane groups), cach substitucnt is Hmited to a hydrocarby! substituent group.
One can readily discern and sclect substituted aralkanc groups specifying a particular aryl group
which can be utilized as a member of the group of hydrocarbon groups (or 2 member of the general

grovp of aralkane groups).

[8078] A “halide” has its usual meaning; therefore, examples of halides include fluoride, chloride,

bromide, and iodide.

[8879]  An “crgancheteryl group” is 3 univalent group containing carbon, which are thus organie,
but which have their free valence at an atom other than carbon. Thus, organcheteryl and organyl
groups are complementary and routually exclusive. Organcheteryl groups can be cyclic or acycelic,
and/or aliphatic or aromatic, and thus encompasses aliphatic “cycloheteryl groups” (e.g.
pyrrolidin- -yl or morpholin-1-yl, among others), aromatic “arylheteryl groups™(e.g. pymrol-1-yl or
indol-1-yl, among others), and acyclic groups {¢.g. organylthio, trihydrocarbylsilyi, arvloxy, or
alkoxy, among others}. Similarly, an “organcheterylenc group” is a divalent group containing carbon
and at least one heteroatom having two free valencies, at least one of which is at a heteroatom. An
“organchetero group” is a generalized group containing carbon and at least one hetercatom having
one or more free valencies {as necessary for the particular group and at least one of which is at a

heteroatom) from an organchetero compound.

[8086]  If a compound or group coutains more than one modcty it is formally a member of the group
having the highest naming priority as stipulated by TWPAC. For example 4-phenylpyridine is a
heteroaromatic compound and a 4-(phen-2-ylenejpyridin-2-y1 grogp is heteroaromatic groap because

the highest naming group is the pyridine group and the pyridin-2-yl group respectively.

{8081] In some instances, reference can be made to “cyclic groups.” Unless otherwise specified,
cyehic groups” include aromatic and aliphatic groups having a ring structure, including homocyclic

and heterocycelic groups, and “cyclo” 1s a prefix used n names to designate a ring structure.

190821 o an aspect, this disclosure provides synthetic methods for preparing fransition mctal
carboxylate compositions. In an aspect the disclosed synthetic methods eliminate the requirement for
reaction of a transition metal acetate or other carboxylate complexes with a carboxylic acid.
Specifically, this disclosure encompasses a synthetic route to a desired fransition metal carboxylate
composition, in which a Group 1 or Group 2 carboxylate and a transition metal precursor arc
combined in a solvent. In an aspect, but not as a Hmitation, the method(s) of this disclosure can be

wtilized to produce chromium(EH) carboxylates, according to Equation |
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-3 Na(l

v

CrCH{THF):  + 3 NaD,CR* Cr{O,CR ) (1)

polar, aprotic

solvent

In an embodiment, this process can produce by-products (e.g. sodivm chloride as illustrated in
Equation 1} which can be separated from the desived transition metal carboxylate (e.g. a
chromium(ITl) carboxylate as illustrated in Eq.1). The general method for producing the transition
metal carboxylate compositions can be extended to encompass the preparation of other transition
metal compositions having various transition metals (e.g. Ti, Zr, V, Nb, Cr, Mn, Fe, Cg, and Cu,
among others) and various carboxylate containing moictics {¢.g. naphthenates, benzoates, and

oxalates, among others).

[B083]  In anaspect, this disclosure provides for a transition metal carboxylate composition. Inan
embodiment, the transition metal carboxylate composition can be, can comprise, or can consist
essentially of, the product of any process to produce a transition metal carboxylate composition
described berein. In another embodiment, the transition metal carboxylate composition can be
described as having particular spectroscopic features. In some embodiments, the transition metal
carboxylate composition can have particidar infrared spectrum features. In other embodiments, the
transition metal carboxylate composition can have particular high energy X-ray diffraction spectral
features. In yet other embodiments, the transition metal carboxylate compoesition can have a high-
energy X-ray diffraction spectrum which compares favorably to a caleulated high-energy X-vay

diffraction spectrum of a theoretical model of 8 mononuciear transition metal carboxylate.

{B084]  In an aspect, the present disclosure describes a process for preparing a transition metal
carboxylate composition comprising: contacting 1} a transition metal precursor, 2} a Group | or
Group 2 metal carboxylate, and 3) a solvent to form a trapsition metal carboxylate. Inan
embodiment, the transition metal carboxylate can be formed under conditions capable of forming a
transition metal carboxylate. Tn some embodiments, the transttion metal, Group 1 or Group 2 metal
carboxylate, and solvent can be contacted under particular contact conditions. In some embodiments,
a solution comprising the transition metal carboxylate can be formed. Generally, the transition metal
precursor, the Group 1 or Group 2 metal carboxyiate, the solvent, the step(s) of contacting, the contact
conditions, and the condition(s) capable of forming the transition metal carboxylate, among other
featares of the process to prepare the transition metal carboxylate composition {e.g. 1sclation and/or
purification step or methods, among others) are independent elements of the process to produce a
transition metal carboxylate composition. Any herein described aspects and/or embodiments, of the
transition metal precursor described herein, the Group 1 or Group 2 metal carboxylate described

herein, the solvent described herein, the step(s) of contacting described herein, the contact conditions
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described herein, the condition(s) capable of forming the transition metal carboxylate described
herein, and other featurcs of the process to prepare the transition metal carboxylate composition (e.g.
1solation and/or purification step or methods, among others) described bherein can be utilized to further

describe the process to produce the transition metal carboxyiate composition.

[8688] I a non-limiting aspect, the transition metal carboxylate {or transition metal carboxylate
composition) can have particular propertics. These properties are independently deseribed herein and
can be utilized to further describe the process for preparing the transition metal carboxylate

composition.

{8686] In another aspect, the present disclosure describes a process for preparing a chromivm
carboxylate composition {e.g. a chromiumd {1} carboxylate composition} comprising: contacting 1) a
chromium precursor (e.g. a chromium(I1) precursor), 23 a Group | or Group 2 metal carboxylate, and
3} a solvent to form a chromium carboxylate (e.g. a chromiom{Ill} carboxylate). In an embodiment,
the chromium carboxylate can be formed under conditions capabic of forming a chromium
carhoxylate. In some embodiments, the chromium precursor, Group 1 or Group 2 metal carboxylate,
and solvent can be contacted under particular contact conditions. In some embodiments, a schution
comprising the chromium carboxylate can be formed. Generally, the chromiom precwrsor, the Group
1 or Group 2 metal carboxylate, the solvent, the step(s) of contacting, the contact conditions, the
contact conditions, and the condition(s) capable of forming the chrominm carboxylate, among other
featares of the process to prepare the chromium carboxylate composition {e.g. isolation and/or
purification step or methods, among others) are independent elements of the process to produce a
chromium carboxylate composition. Any aspects or any embodiments of the chromium precursor
described berein, the Group 1 or Group 2 metal carboxylate described herein, the solvent described
hevein, the step(s) of contacting described herein, the contact conditions described herein, the
condition(s) capable of forming the chromiom carboxylate described herein, and other features of the
process to prepare the chromium carboxylate composition (2.g. isolation and/or purification step or
methods, among others) described herein can be utilized to further describe the process to produce the

chromium carboxylate composition.

[8087]  In a von-limiting aspect, the chromium carboxylate (or chromivm carboxylate corgposition)
may have particalar properties. These properties are independently described herein and can be

wtilized to further describe the process for preparing the chromium carboxylate composition.

[8888] In accordance with an aspect of this diselosure, the methed for making a transition motal
carboxylate composition utilizes a transition metal precursor. Gencerally, the transitional metal
precursor comprises a transition metal complex which can be neutral, cationic or anionic. When the
transition metal complex is neutral the transition metal complex is the transition metal precursor.

When the transition metal complex is cationic, the transition metal precursor comprises an appropriate
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number of transition metal complexes and anionic speeies to provide a neotral transition metal
precursor. When the transition metal complex is anionic, the trausition metal precursor comprises an
appropriatc number of fransition metal complexes and cationic species to provide a neutral transition

metal precursor,

[8689] Minimally, the transition metal precursor and/or transition metal complex comprises a
transition metal. In an embodiment, the transition metal precursor and/or the transition metal complex
comprises, consists essentially of, or consists of, a transition metal and an anionic ligand. In ancther
embodiment, the transition metal precursor and/or the transition metal complex can comprise, consists
essentially of, or consists of, a transition metal and a neutral igand. In an embodiment, the transition
metal precursor can comprise an anionic transition metal complex; or alternatively, a cationic
transition metal complex. In other embodiments, the transition metal precursor can comprise, Consists
essentially of, or consists of, a cationic transition metal complex and at least onc anionic specic;
alternatively, an anjonic transition roetal complex and at least one cationic specic. In an embodiment,
the transition metal complex (apionic, cationic, or neutral) can comprise, consists essentially of, or
congists of, a transition metal, an anionic ligand, and a neutral ligand. In some embodiments, the
transition metal complex (anionic, cationic, or neutral} can comprise, consist essentially of, or consist
of, at least one transition metal and at least one anionic ligand; alternatively, at least one transition
metal and at least one neutral ligand; or alternatively, at least one transition metal, at least one anionic
ligand, and at least one neutral hgand.

[8098] In an aspect, the transition metal precursor can have the formula

[((J\/iB)y1 K L) 1 C i [A e, Generally, within the transition metal precursors, M represents a
transition metal having an oxidation state of x, y1 represents the mumber of transition meals having an
oxidation state of x, X represents an anionic Higand having a charge of y, x1 represents the number of
antonic ligands having a charge of v, L represents a neutral ligand, ¢ represents the number of neutral
ligands, {(M"),;X,;L, represents a transition metal complex having charge m, g represents the number
of transition metal complex having charge m, C represents a cationic species having charge ¢, ml
represents the mumber of cationic species having charge ¢, A represents an apnionic speeies having
charge a, and m2 represents the number of anionic species having charge a. The transition metal (M)
having an oxidation state of X, the number of transition metals (v1) having an oxidation state of x, the
antonic ligand (X)) having a charge of v, the number of anilonic Hgands {(x1) having 2 charge of v, the
neutral Higand (L), the number of neuiral ligands (¢}, the charge (m) on the transition metal complex
({M™},1 X1 L), the nurber (q) of transition metal corplexes ((M® )1 XL, the cationic species (C)
having charge ¢, the number of cationic species having charge ¢ (m1), the anionic specics {(A) having
charge a, and the vumber of aniouic specics having charge a (m?) are independenily described herein.

These independent descriptions can be utilized in any compatible manner and/or combination to
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further describe the transition metal procurser having the formula i_‘((i\{s}ylxx‘;i‘j)qu [ClulA e
Depending upon the particular values of x (the oxidation state of the transition metal, M), v1 (the
number of transition meals having an oxidation state of x), y ( the charge on the anionic ligand, X), x1
(the number of anionic ligands having 2 charge of y), £ (the number of nowntral ligands, L), m ( the
charge on the transition metal complex, (M), X1 L), q (the mmnber of transition metal complexes,
(M) XL, ¢ (the charge on the cationic species, C), m1 (the number of cationic species, C), 2 (the
charge on the anionic species, A), and m?2 (the mmnber of anionic species, A}, there can be other
viable general formulas for the transition metal precursor. These other transition metal precursor
formulas are provided herein and can be utilized as the transition metal precursor in any applicable

aspect and/or embodiment described herein.

{B09%]  In an embodiment, the transition metal precursor can have the formula

My X L) €t [ A, z(a\fi“).@xmLf)“’] [l [((MB)WXMLg)m}q[Aafua,» {(MBLF,‘;“‘}Q (A,
L(&M X Lo *‘MA T, € (M%V aqu cm], [( M")yixxl:r"}q{A‘ﬁmz, <M’3:>y]xx;.,

[ov? KMl Cohan [A s [OMF Xx)qu' Car, [(MTX ) gl A i, o MPX,. Insome embodiments, the
transition metal precursor can have the formula [((M7) By i Ko L) I Col [A e,

M) XK L) L[ Ty [P0 Xt L) ™1l A T, (ML) [ A o, (M7 X L,

[V X T C T EA s TOMP R 1 Can, (O [A s oF MUX,L, alternatively,
(MY X )™ 1 C T FA T, TOOMP )G 1 C T, TM®)y 2™ T A T, (M) %o,

[(MP XD T C Tt [A e, [MPX 010 C s [OMPK 1 A s, oF MUX; alternatively,

O™ X L L[ C T [A 2, [(OM ’)walli-ﬁm] [Tt (O X1 L) oA T, [M7L) ™[ A", 01
(M™y1 XoLy: alternatively, (M 300 10 T [A  m, [IMP KL L)1 Colt, (MY L [ A 0, 01
MPX,L,, alternatively, (M™)y X )™ T C Tmi [A e T 2 ™1l C Tt LMY XY 1l A s
(M), X, or alternatively, [(M X )"C T m [A  mr, M X7 1 [C T, MPEO [ A% o, or MPX
In other embodiments, the transition metal precursor can have the formula

O™y 3G L T C T A Tz, TM™) 30 L™ 1o €, [y 0 L) 1A T, [(MP L) [ J A
(M1 X Ly [V K) T EC Tt FA Tz, TUM™ )1 K™ C Tty [ ha X)) gL A T, 08 (M%) X
or alternatively, [(M L) 100 T [A s [OMPX LI C s (MK L™ A 0, MPXL,
M T I C T [A e, TR 1 FC T, [MPX 0™, [A Tz, or MUK, T yet other embodiments, the
transition metal precursor can have the formola [((I\fi"’;}y]XX]L{} 1l C i [A s alternatively,
[((I‘v{B)y{Xx]L,g)m]q[CC]ml; alternatively, [(M° Yoi X Loy 1o fA T ne; alternatively, | [(MPL)™, 1l A T
alternatively, (M vi%xile; aliernatively, {(B\/,IBXXI,,f)m]q[( il A% alternatively, | (MLX L) Co s
alternatively, [(M X, L™ (A w0 alternatively, MYX,L,; altematively, [(MD)y )™l C i [A®
alternatively, [((M® WX 1 IC s alternatively, [( {M“ XK} LA s alternatively, (M2 Wi ¥xis
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alternatively, [(M X )™ C mi[Ame; alternatively, [(MPX )™ JC
[(MBXX}“‘}Q [A".0; or alternatively, MK,

1wt alternatively,

18092] 1o an cmbodiment, the transition metal of the transition metal precursor can comprise,
consist essentially of, or counsist of, a Group 4-11 metal. in some embodiments, the transition metal of
the transition metal precursor can comprise, consist essentially of, or consist of, a Group 5-9 metal;
aliernatively, a group 4 metal; alternatively, a group S metal; alterpatively, a group 6 metal;
aliernatively, a group 7 metal; alternatively, a group 8 metal; alternatively, a group 9 metal;
alternatively, a group 10 metal; or alternatively, a group 11 metal. In other embodiments, the
transition metal of the transition metal precursor can comprise, consist essentially of, or consist of, T4,
Zx, V, Nb, Cr, Mn, Fe, Co, or Cu; alternatively, T4, Zr, Cr, Fe, or Co; alternatively, Cr, Fe, or Co;
aiternatively, T1; aliernatively, Zr; alternatively, Cr; altermatively, Fe; or alternatively, Co. Ina
particular embodiment, the trausition metal can comprise, consist essentially of, or consist of,
chromium. In some cmbodiraents, the transition metal precursor can comprise, consist essentially of,
or consist of, a chromium precursor. Generally, the transition metal of the ransition metal
carboxyliate can be, comprise, or consist essentially of, the same transition metal as the transition

metal of the transition metal precursor.

18093} Generally, the transition metal oxidation state, n, of the transition metal precursor can have
any positive oxidation state that the transition metal can take. In an aspect, the transition metal of the
transition metal precursor can have an oxidation state from 1 to 6. In some embodiments the
transition metal of the transition metal precursor can have an oxidation state of 2, 3, or 4;
alternatively, 2 or 3; slternatively, 2; or alternatively, 3. In should be noted that the transition metal
oxidation state can be designated as 2 Roman numeral within parenthesis following the transition

metal name (e.g. chromium having an oxidation satc of 3 can be designated by chromium(1}). In
some non-limiting embodiments, the transition metal of the transition metal precursor can comprise,
consist essentially of, or consist of a chromivm(H) or a chromium(Ili); alicrmatively, a chromivndil);

or alternatively, a chromivm(Ii}.

{8694] The number of transition metal atoms, v1, in the transition metal precursor {(or transition
metal complex) is a function of the oxidation state of the transition roetal atom(s), the charge of the
anionic igand the number of antonic Higands, the charge of the anionic Higand(s), and the charge on
the transition metal complex. Generally, the number of transition metal atoms, v1, in the transition
metal precursor {or transition metal complex) can be an integer ranging from 1 to 3; alternatively, 1;

alternatively, 2; or alternatively, 3.

18895]  When the transition metal complex of the transition metal precursor is anionic of cationic

{e.g. having the formola [(M"), Xu L) i C o [A Tm (M) X L) ™ C
R(J\’iﬁ\)JLXvLLK/}m]qE-'Aainua {(i\"{BLﬂ)m]q[Aa}nﬁa {U\’iBXxl-»’)m‘Eqi— :ijl E_A;]ml; {(PV{BXXLE)HX]Q[Cc]mla



21pERIPOT
WO 2013/089963 29 PCT/US2012/065289

ML ™ Ll A T, M0 X P Tt LA T, O™ XY 1 Coots O X R Ao,

TOVPX T T [A s [OMPX 10 o, and/or [(MPX, )™, 1A 0, among others described herein
where m # (1), the number of transition metal atoms (v1) having the oxidation state x, the number of
anionic ligands (A} having charge v, and the charge on the anionic or cationic trapsition metal
complex can be related by the equation mr = {y * x1}+ (x * yI). When the transition metal complex
of the transition metal precursor is neutral (2.g. baving the formula (MB)yl Ce1leg, MBXXL% (1‘\48)3,1}<;}1 ,
and/or MUX,, among others where m = (), the number of transition metal atoms {y1} having the
oxidation state X and the number of anionic Hgands {A) having charge v can be related by the equation
X *Fyl=ly*xl]. Insome embodiments when the transition metal complex of the transition metal
precursor is neutral (e.g. having the formula { I\‘/E:EE}),‘.{XX]L{, MBX,,LZ, (I\ffg)y;XX], and/or MBXM among
others where o = 0), the number of transition roetal atoros, vi, can be related to the transition metal
oxidation state (x) and the anionic ligand (A) charge (y) by the relationship that v1 = |y| divided by the

greatest common divisor of x and iyl

18096] In an aspect, cach anionic ligand, X, can independently be a halide, nitrate, nitrite, sulfate,
sulfite, bisulfate, phosphate, chlorate, cyano, cyanate, thiocyanate, or isothiocyanate. o an
cmbodiment, the cach anjonic ligand can independently be a halide, nitrate, suifate, phosphate; or
alternatively, halide or nitrate. In some embodiments, the anionic higand, X, can be a halide;
aiternatively, nitrate; alterpatively, nitrite; alternatively, sulfate; alternatively, sulfite; alternatively,
bisulfate; alternatively, phosphate; alternatively, chlorate; alternatively, cyano; alternatively, cyanate;
alternatively, thiocyanate; or alterpatively, isothiocyanate. In an embodiment cach halide
independently can be thuoride, chioride, bromide, or iodide; alternatively, fluoride; aliernatively,
chioride; alternatively, bromide; or alternatively, iodide. In an embodiment, sach halate
independently can be flucrate, chlorate, bromate, or todate; alternatively, fluorate; alternatively,
chlorate; alternatively, bromate; or aliernatively, iodate. In a further embodiment, the transition metal
precursor can comprise any combination of these higands. Tn some embodiments, cach anionic ligand

can independently be a monoanionic ligand.

[8897]  Generally, when the transition metal precursor {general or specific) comprises at least one
anionic ligand, the charge, y, of cach aniounic ligand, X, independently can be an integer ranging from
-1 to -3. In an embodiment, the charge, vy, on cach anionic ligand independently canbe -1 or-2;
alternatively, -1; alternatively, -2; or aliomnatively, -3. To an eobodiment, cach anionic ligand, X, can
¢ ¢ monoanionic ligand having a charge, v, of -1. Generally, the charge, y of the anionic Hgand, X,
is apparent by the identity of the anionic Hgand. For example, halides, nitrate, nitrite, bisulfate,
halates, cyano, cyanate, thiocyanaie, and isothiccyanate have charge, y, of -1, sulfate and sulfite have

charge, v, of -2, and phosphate has a charge, v, of -3.
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[8898] The number of anionic ligands, x1, in the transition metal precursor (or transition metal
complex) is a function of the nomber of transition metal atoms, the oxidation state of the fransition
metal atom({s), the charge, y, of the anionic ligand(s), and the charge on the transition metal complex,
Generally, the number of antonic igands, x1, in the transition metal precursor {or transition metal
complex) can be an mteger from 0 to 7; alternatively, from 0 to 6; alternatively, from 8 to 5
alternatively, from 0 to 4; alternatively, from 0 to 3; alternatively, 1 to 7; altornatively, from § to 6;
alternatively, from 1 to 5; aliernatively, from 1 to 4; altematively, from 1 to 3; alternatively, from 2 to
3; alternatively, from 2 to 4; alternatively, from 2 1o 3; or alternatively, from 3 to 7. In some
embodiments, the number of anionic Hgands, x 1, in the transition metal precursor {or ransition metal
complex) can be §; alternatively, ; alternatively, 2; alternatively, 3; alternatively, 4; or alternatively,
5, alternatively, 6; or alternatively, 7

{8899]  When the ransition metal compiex of the transition metal proecursor is anionic or cationic

{¢.g. having the formula [((M” I D R0 ) 1 G PT Vg [(ov” XK L™ C s

MY X L T A s TOMPL D LA o, [V XL ™ C et EA T, [OMP XL 1 C e,

"X L™ ol A s O™ X P Tl C Tt [A s O™ X P 1 C o, LM 31 XV [ Ao,
[V X T C T [A s [P K1 C i, and/or [(MPX,0™,{A 0, among others where m # 0, the

number of transition metal atoms (v1) having the oxidation state x, the number of anionic Hgands (A}
having charge v, and the charge on the anionic or cationic transition metal complex can be related by
the equation m = (y * x1} + {x * y1). When the transition metal complex of the transition metal

precursor is newtral (e.g. having the formula (M”), XL, MUX L., (M%)

X, and/or MPX., among
others where m = (), the number of transition metal atoms (v1) having the oxidation state x and the
number of andonic higands (X) having charge v can be related by the equation x *yi =y * x1l. In
some embodiments when the transition metal complex of the transition metal precursor is neutral (e.g.
having the formuda { MB)lexi L., MPXL,, { MB)y]X ., and/or MPX, among others where m = {}), the
number of andonic higands, x1, can be related 1o the ransition metal oxidation state (X} and the anionic

Hgand (X) charge (y) by the relationship that x1 = x divided by the greatest conumon divisor of x and

¥i-

18168]  In an aspect, cach neotral ligand(s) for a transition metal precorsor (general or specific)
independently can be any neutral ligand that can form a stable or isolatable transition metal complex;
or alternatively, any combination of veutral Higands that can from a stable or isolatable transition
metal complex. Suitable neutral ligands include sigma-donor compounds that contain at least one
goordinating atom that can coordinate to the transition metal atom. In an embodiment, the
coordinating atom of the noutral ligand(s) can nchide, but are not limited to, oxygen, nitrogen, sulfur,
phosphorus, or any combination thereof; aliernatively, exygen, nitrogen, sulfur, or any combination

thereof] alternatively, oxygen, nitrogen, or any combination thereof; alternatively, oxvgen, sulfur, or
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any combination thereof, alternatively, oxygen; alternatively, nitrogen; alternatively, sulfur; or
alternatively, phosphorus. Unless otherwise specified, the coordinating compound can be
unsubstituted or can be substituted. Substituent groups are independently described herein and can be
atilized, without Hmitation, to describe a substinsted neutral ligand which can be utilized in any

transition metal precorsor and/or transition metal complex deseribed herein.

[8161]  In an aspect, cach neutral ligand independently can be, comprise, or consist essentially of,
an acyclic heteroatomic compound, or heterocyclic compound; alternatively, an acyclic heteroatomic
compound; or alternatively, a heterocyclic compound. In an embodiment, each neutral ligand {cyclic
or acyclic) independently can be , comprise, or consist essentially of, an alipbatic heteroatomic
compound or 3 heteroarene; alternatively, an aliphatic heteroatomic compound; or alternatively, a
heteroarene. Suitable heteroatoms for each neutral ligand (eyclic or acyelie, and/or aliphatic or
aromatic) arg described herein and can be wilized without hmitation to further describe hetercatomic

compound which can be utilized as the neutral ligand.

[9162]  In an ombodimend, cach neutral ligand independently can be, comprise, or consist
essentially of, an aliphatic acyclic heterocyelic compound, 4 substituted aliphatic acychic heterocyelic
compound, an aliphatic heteroeychic compound, a substituted aliphatic heterocyclic compound, a
heteroarene, or a substituted heteroarene. In some embodiments, cach neutral ligand independently
can be, comprise, or consist cssentially of, an aliphatic acychic heterocyelic compound or a substituted
aliphatic acyclic heterocyclic compound; alternatively, an aliphatic heterocychic compoimd or a
substituted aliphatic heterocyclic compound; or alterpatively, a hetercarene or a substituted
heteroarene. In other cmbodimenis, cach neutral Higand independenily can be, comprise, or consist
essentially of, an aliphatic acyclic heterocyclic compound, an aliphbatic heterocyclic compound, ot a
heteroarene; alternatively, an aliphatic acychic heterocyclic compound; aliernatively, an aliphatic
heteroeyclic compound; or alternatively, a hetercarene. In an embodiment, any aliphatic acyclic
heterocyclic compound {substituted or unsubstituied) which can be utilized as the neutral ligand can
be, comprise, or consist essentially of, a C)-Cy aliphatic acyclic heterocyelic compound; alternatively,
a {Cp-Cys aliphatic acyelic heterocyclic compound; alternatively, a C,-Cyo aliphatic acyclic heterocyelic
compound; or alternatively, a Cp-Cyp aliphatic acyelic heterocyclic compound; alternatively, a Co-Cyg
aliphatic acyclic heterocyclic compound; or alternatively, a C-Cs aliphatic acyclic heteroeyelic
compound. In an cmbodiment, any aliphatic heterocyclic compound (substituted or unsubstituted)
which can be utilized as the neutral ligand can be, comprise, or consist essentially of, a C3-Cgg
aliphatic heterocyclic compound; alternatively, a C;-Cas aliphatic heterocyclic compound;
aliernatively, a C;3-Cy aliphatic heterocyclic compound; alternatively, a (5-Cy aliphatic heterocyclic
compound; alternatively, a Cs-(y; aliphatic heterocyclic compound; or alternatively, a Cs-Cy aliphatic
heterocyelic compound. o an embodiment, sny heteroarene compound {substituted or unsubstituted)

which can be utilized as the neutral higand can be, comprise, or consist essentially of, a Ci-Cy
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heteroarene; alternatively, a Cy-Cus heteroarene; alternatively, a Cy-Csp heteroarene; alternatively, a
Cy4-Coo hotoroparene; alternatively, a Cp-Cys heteroarene; or alternatively, a {4-Cyg heteroarene.
Substituents for a substituted coordinating compound are disclosed herein and can be utilized without
Hnitation to describe a substituted aliphatic acyclic heterocyelic compound, a subsututed aliphatic

heterocyclic compound, and/or a substituted heteroarene which can be utilized as a neutral ligand.

[8163]  In an embodiment, cach neutral ligand independently can be, but is not Hnited to, an ether, a
thioether, a nitrile, an amine, a phosphine, a phosphite or any combination thereof; alternatively, an
cther; alternatively, a thioether; sltematively, a nitrile; alternatively, an amine; alternatively,
phosphine; or alternatively, a phosphite. In some embodiments, cach neutral ligand independently
can be, but is not Hmited to, an acyclic ether, a substituted acyclic ether, a cyclic ether, a substituted
cyclic ether, an acychic thicether, a substituted acyclic thioether, a cyclic thiocther, a substituted eychic
thigether, an aliphatic nitrile, a substituted aliphatic nitrile, an aromatic nitrile, a substitoted aromatic
nitrile, an acyclic amine, a substituted acyclic amine, a cyclic amine, a substituted cyelic amine, an
acyclic phosphine, a substituted acyclhic phosphine, a cyclic phosphine, 4 sabstituted cyclic phosphine,
an acyclic phosphite, a substituted acyclic phosphite, a cyclic phosphite, a substituted cyclic
phosphite, or any combination thercof; altematively, an acyclic cther, a substituted acyclic ether, an
acyclic thioether, a substituted acyclic thiocther, an aliphatic nitrile, a substituted aliphatic nitrile, an
acyclic amine, a substituted acyclic amine, an acyclic phosphine, a substituted acyehic phosphine, an
acyclic phosphite, a substituted acyclic phosphite, or any combination thereof; alternatively, a cyclie
¢ther, a substituted cyclic ether, 3 cyclic thioether, a substituted cyclic thioether, a8 cyclic amine, a
substituted cyclic amine, a cyclic phosphing, a substituted cyclic phosphine, a cyclic phosphite, a
substituted cyclic phosphite, or any combination thereof; alternatively, an acyelic ether, a substituted
acyclic ether, a cyclc ether, or a substituted cyclic ether; alternatively, an acyclic thicether, a
substituted acyelic thioether, a cyclic thioether, or a substituted cyclic thiocther; alternatively, an
aliphatic nitrile, a substituted aliphatic nitrile, an aromatic nitrile, or a substituted aromatic nitrile;
alternatively, an acvclic amine, 2 substituted acyclic amine, a cyclic amine, or a substifuted cyclic
amine; alternatively, an acychic phosphine, a substituted acychic phosphine, a cyclic phosphine, or a
substituted cyelic phosphine; or alternatively, an acyclic phosphite, a substituted acychic phosphite, a
cyclic phosphite, or a substituted cyclic phosphite. In other embodiments, cach noutral ligand
ndependently can be, but s not limited to, an acyclic cther, a cyclic ether, an acyclic thicether, a
cychic thioether, an aliphatic ninile, an aromatic nitrile, an acyclic amine, a cyclic amine, or any
combination thereof, alternatively, an acychic ether or a substituted acyclic ether; alternatively, a
cyclic ether or a substituted cyclic ether; altornatively, an acyelic thiocther or a substituted acyclic
thiocther; alternatively, a cyclic thioether or a substituted cyclic thioether; alternatively, an aliphatic
nitrile or a substituted aliphatic nitrile; alternatively, an aromatic nitrile or a substituted aromatic

nitrile; alternatively, an acyclic amine or a substituted acyclic amine; alternatively, a cyclic amine or a
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substituted cyclic amine; alternatively, an acyclic phosphine or a substituted acyclic phosphine;
alternatively, a cyclic phosphine or a substituted cyclic phosphine; aliernatively, an acyelic phosphite
or a substituted acyclic phosphite; alternatively, a cyclic phosphite or a substituted cyclic phosphite;
alternatively, an acychic ether; aliernatively, a cyehic ether; aliernatively, an acychc thioether;
aliernatively, a cyclic thicether; alternatively, an aliphatic nitrile; alternatively, an aromatic nitrile;
alternatively, an acyclic amine; alternatively, a cyclic amine; alternatively, an acyclic phosphine;
alternatively, a cyclic phosphine; aliernatively, an acyelic phosphite; or alternatively, a cyclic
phosphite. v an cmbodiment, the cyclic cther (substituted or unsubstituted), cyclic thioether
(substituted or unsubstituted), cyclic amine (substituted or umsuabstituted), cyclic phosphine
(substituted or unsubstituted), and/or eyclic phosphite (substitated or unsubstituied) can be aliphatic or
aromatic; alterpatively, aliphatic; or alternatively, aromatic. Substituents {also referred to as non-
hydrogen substituents or non-hydrogen substituent groups) are independently disclosed herein and can
be utilized without lmitation to further describe a substituted ether (acyclic, cyclic, aliphatic or
aromatic), a substituted thicether (acyclic, cyclic, aliphatic or aromatic), a substituted nitrile (aliphatic
or aromatic), a substituted amine (acyclic, cyclic, aliphatic or aromatic), a substituted phosphine
{acyclic, cyelic, aliphatic or aromatic), and/or a substituted phosphite {(acyelic, cyclic, aliphatic or

aromatic) which can be utilized as a neutral ligand.

[B8184]  In an embodiment, a mitrile utilized as the neutral ligand can have the formula RIC=N. In
an embodiment, an ether utilized as the neutral ligand can have the formula R-0-R’. Inan
¢mbodiment, a thioether utilized as the noutral ligand can have the formula R™-8-R”. Inan
embodiment, an amine utilized as the neutral ligand can have the formula NR6R,7R8, NHRR' or
NH,RS alernatively, NRER'RY: alternatively, NHRR": or alternatively, NH,R®. In an embodiment, a
phosphine atilized as the neutral ligand can have the formula PR'R'R", PHR'R', or PH,R;
alternatively, PRPRR; alternatively, PHR'R' or alternatively, PFLR. In an embodiment, an
phosphite utilized as the coordinating compound can have the fornula PIOR™HORYOR™ or
PHONOR™YOR); alternatively, POOR' HORWOR™); or altematively, PH(OYOR(ORY), nan
embodiment, cach R', R7 R RY RY, RS R7, R® RY R RV, R™ RY, or R™ independently can be a
Cy-Cop organyl group; alternatively, a C-Cyqg organyl group; or alternatively, a 1-Cyp organyl group,
In some embodiments, cach R', R BY, R & RS ®7, RY RO RV RY R™ RP, or R independently
can be an C;-Cy hvdrocarbyl group or a C,-Cop substituted hydrocarbyl group; aliomatively, C-Cyy
hydrocarbyl group; ov alternatively, a C;-Cy subsututed hydrocarbyl group. In other emnbodiments,
cach R, R R RN RS RO R R R RY R, R™ RY, or RY independently can be an C-Cyg
hydrocarbyl group or a ,-Cyp substituted hydrocarbyl group; alternatively, C1-Cp hydrocarby! group;
or alternatively, a C;-C, substituted hydrocarbyl group. In yet other embodiments, cach RY, B, R,

rRYRY RS R, RERY RYORY R RP, or RY independently can be an C-Cs hydrocarby! group or a



21pERIPOT
WO 2013/089963 34 PCT/US2012/065289

C-Cs substituted hydrocarbyl group; alternatively, Ci-Cs hydrocarbyl group; or alternatively, a C,-C;

substituted hydrocarbyl group.

[8105] It should be noted that R and R’ of the ether having formula R™-0-R’, R and R® having the
formula RY-S-R’®, any two of R®, R, and R® of the amine having the formula NRPRVR® or NHROR', any
two of R®, R', and R of the phosphine having the formula PROR'RY | or PHR'R', and/or any two of
R R, and R" of the phosphite having the formula P{ORYOR)OR™) or PH{O)YOR{ORY)

can be joined to form a ring containing the cther oxygen atom, the thioether sulfur atom, the amine
nitrogen atom, the phosphine phosphorus atom, or the phosphite phosphorus atom to form a cyclic
cther, thioether, amine, phosphine, or phosphite, respectively, as described herein in regards 1o cyclic

gthers, thioethers, amines, phosphines, and phosphites.

{8106] Inanembodiment, cach B, R% RS R R° RE R RS R R R R RY, orRY
independently can be an alkyl group, a substituted alkyl group, a cycloalkyl group, a substituted
cycloalkyl group, an arvl group, a substituted aryl group, an aralkyl group, or a substituted aralkyl
group; alternatively, an alkyl group or a substituted alkyl group; alternatively, a cycloalkyl group or g
substituted cycloalkyl group; alternatively, an aryl group or a substituted aryl group; alternatively, an
avalkyl group, or a sebstituted aralkyl group: alternatively, an allivl group, a eycloalkyl group, an aryl
group, of an aralkyl group; alternatively, an alkyl group: alternatively, a substituted atkyl group,
alternatively, a cycloalkyl group; alicrnatively, a substituted cycloalkyl group; altervatively, an aryl
group; alternatively, a substituted aryi group; altermatively, an aralkyl group; or alternatively, a
substituted aralkyl group. Generally, the alkyl groups, substituted alkyl groups, cycloalkyvl groups,
substituted cycloalkyl groups, aryl groups, 2 substituted aryl groups, aralkyl groups, and substituted
aralkyl groups which can be utilized as R', R%, RY, RY RO, RS R7 RE R M R R RS, or RY can
have the same number of carbon atoms as organyl group or hydrocarby! group of which they are a

member.

{81671 In an embodiment, the alkyl group (substituted or unsubstituted) which can be utilized as R,
RE R RO R RS R RE RS R RY, R RY, and/or R can be a Ci-Chp alkyl group (substituted or
unsubstituted); alternatively, a C-Cig alky! group (substituted or unsubstituied); or alternatively, a Cs-
;s alkyl group (substituted or unsubstituted). To some embodiments, each alky! group which can be
utiized as R, RE R R RS RO B RS RO RY RY, R RY and/or R ndependently can be a
methyl grovp, an ethyl grovup, a propyl group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a nonyl group, a decy! group, a undecyl group, a dodecy! group, a tridecyl
group, a tetradecyl group, a pentadecy! group, a hexadecy! group, a heptadecyl group, an cctadecyl
group, or a nonadecyl group; or alternatively, a methyl group, an ethyl group, a propyl group, a butyl
grovup, a pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, or a decyl group.
In other embodiments, cach alioyt group which can be utilized as R, R% R R R RS R RS RO R,

®Y, R RY, and/or R’ independently can be a methy! group, an cthyl group, a n-propyl group, an
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1so-propyl group, a n-butyl group, an ise-butyl group, a see-butyl group, a tert-butyl group, an n-
pentyl group, an iso-pentyl group, a sec-pentyl group, or a neopentyl group; aliernatively, a methyl
group, an cthyl group, an 1so-propyl group, a tert-butyl group, or a neopentyl group; alternatively, a

v, &1 180-

o9

methyl group; alternatively, an ethyl group; alternatively, a n-propyl group; alternativel
propyl group; allernatively, a tert-butyl group; or alterpatively, a neopentyl group. In an embodiment,
cach substituent of a substituted alkyl group independently can be a halide or hydrocarboxy group:

alternatively, & halide; or alterpatively a hydrocarboxy group.

{8188]  In an embodiment, the cycloalkyl group (substituted or vusobstituted) which can be utilized
as R, R:‘, R Ri R R(’, R’ RY’, R” Rw, R”ﬂ R RH, and/or R can be a Cu-Cao cycloalkyl group
(substituted or unsubstituted); alternatively, a C-Cys cyeloalky! group (substituted or unsubstituted);
or alternatively, a Cs-Cyp cycloaliyl group (substitited or unsubstituted). In some embodiments, each
group which can be utilizved as RLRY RS R R RS R, RE RS RY RY R RY, andior RY
independently can be a cyclobutyl group, a substituted cyclobutyl group, a cyclopentyl group, a
substituted cyclopentyl group, a cyclohexyl group, a substituted cyclohexyl group, a cycloheptyl
group, a substituted cycloheptyl group, a cyclooctyl group, or a substituted cyvelooctyl group;
alternatively, a cyclopentyl group, a substituted cyclopenty! group, a cyclohexyl group, or a
substituted cyclohexyl group. In other embodiments, cach group which can be utilized as R', R*, &,
RYRY RS RV RERY RORY RY RP, and/or RY independently can be a cyclobuty] group or a
substituted cyclobutyl group; alternatively, a cyclopentyl group or a substituted cyclopentyl group;
alternatively, a cyclohexyl group or a substituted cyclohexyl group; alternatively, a cycloheptyl group
or a substituted cyclcheptyl group; or alternatively, a cyclooctyl group, or a substituted cyclooctyl
group; alternatively, a cyclopentyl group; alternatively, a substituted cyclopentyl group; a cyclohexyl
grovp; or alternatively, a substituted cyclobexyl group. In an embodiment, cach substituent of a
substituted cycloalkyl group independently can be 8 halide, a hydrocarbyl group, or a hydrocarboxy
group; alternatively, a balide or a hydrocarbyl group; alternatively, a halide or a hydrocarboxy group;
alternatively, & hydrocarbyl group or a hydrocarboxy group; aliernatively, a balide; alternatively, a

hydrocarbyl group; or alternatively, a hydrocarboxy group.

[B109]  In an embodiment, the aryl group (substituted or unsubstitaied) which can be utilized as R',
RORY RO R RS R RY R RV RY, R RY, andVor R can be a Cg-Cop aryl group (substituted or
unsubstituted); alternatively, a Ce-Cys aryl group (substituted or unsubstituted); or alternatively, a G-
Cyp aryl group (substituted or unsubstituted). In some embodiments, cach group which can be wilized
as RY, RY RS RE RS RO R RE RY RV R R R andror R independently can be a phenyl group,
a substituted phenyl group, a naphthyl group, or a substituted naphthyl group; alternatively, a phenyl
group or a substituted phenyl group: alternatively, a naphthyl group or 3 substituted naphihy! group:
alternatively, a pheoyl group or a naphthy! group; or alternatively, a substituted phenyl group or a

substituted naphthyl group. In an embodiment, each substituted phenyl group which can be atilized as
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RURYS R RU R RS RDRE RS R RV, RYORY, andlor RY independently can be a Z-substituted
phenyl group, a 3-substituted phenyl group, a 4-substituted phenyl group, a 2,4-disobstituted phenyl
group, a 2,6-disubstituted pheuyl group, 3,5-disubstituted pheoyl group, or a 2,4, 6-trisubstituted
phenyl group. In other embodiments, each substituted phenyl group which can be utilized as R’ R?,
ROORYRSORERT R RY R RY R RV andior R independently can be a 2-sabstituted phenyl
group, a 4-substituted phenyl group, a 2,4-disubstituted phenyl group, or a 2,6-disubstituted phenyl
group; alternatively, a 3-substituted phenyi group or a 3,5-disubstituted pheoyl group; alternatively,
2-substituted phenyl group or a 4-substituted phenyl group; alternatively, a 2,4-disubstituted phenyl
group or a 2,6-disubstituted phenyl group; alternatively, a 2-substituted phenyl group; alternatively, a
3-substituted phenyl group; alternatively, a 4-substituted phenyi group; akernatively, a
2,4-disubstituted phenyl group: alternatively, a 2,6-disobstituted phenyl group; altematively,

3. 5-disubstituted phenyl group; or alternatively, a 2,4,6-trisubstituted phenyl! group. In an
embodiment, each substituent of a substituted aryl group independently can be a halide, a hydrocarbyl
group, or a hydrocarboxy group; alternatively, a halide or a hydrocarbyl group: alternatively, a halide
or a hydrocarboxy group; alternatively, a hydrocarbyl group or a hydrocarboxy group; aliernatively, a

halide; alternatively, a hydrocarbyl group; or alicmatively, a hydrocarboxy group.

8118]  In some embodiments, the aralkyl group (substituted or vosubstituted which can be utilized
as R, Rz, RY R4, R, RG, R, Rg, R? Rw, R“, R RB, and/or R™ can be a Cr-Cag aratky! group
(substituted or unsubstituted); alternatively, a Cr-Cys aralkyl group (substituted or unsubstituted); or
alternatively, a C;-Cip aralkyl group (substituted or unsubstituted). In some embodiments, cach group
which can be utilized as R, R B R ®7 RS »7, &Y, 07 R R RYRY, and/or R independently
can be a benzyl group or a substituted benzyl group; alternatively, a benzyl group, or alternatively, a
substitated benzyl group. In an embodiment, cach substituent of a substituted aralkyl group
independently can be a halide, a hydrocarbyl group, or 8 hydrocarboxy group; alternatively, a halide
ot a hydrocarbyl group; alternatively, a halide or a hydrocarboxy group; alternatively, a bydrocarbyl
group or a hydrocarboxy group; alternatively, a halide; alternatively, a hydrocarbyl group; or

alternatively, a hydrocarboxy group.

{8111} Halide, hydrocarbyl group, and hydrocarboxy group substituents {also referred to as non-

hydrogen substituents or non-hydrogen substituent groups) are independently disclosed herein. These
N g . > > . ~ > > 1 2 4

substituent groups can be utilized without limitation to further describe any substituted RY, R?, R?, RY,

R RS R RERY R RY R RY, and/or RY group described herein.

19132] o an cmbodiment, cach ether and/or acyelic cther (substituted or unsubstituted), which can
be utilized as the neutral Hgand(s) of any transition metal complex (general or specific) or transition
metal precorsor (general or specific) deseribed herein, independently can be a Cp-Cyp cther and/or
acyclic ether; alternatively, a C-Csp cther and/or acyclic ether; alternatively, a C)-Cyp cther and/or

acyclic ether; alternatively, a C,-Ci 5 ether and/or acyclic ether; or aliematively, a C,-Cyy sther and/or
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acyclic ether. In an embodiment, each cyclic ether (substituted or unsubstitited, and/or aliphatic or
aromatic), which can be utilized as the neutral ligand(s) of any transition metal complex (general or
specific) or transition metal precursor {general or specific} described herein, fndependently canbe a
(3-Cyo cyvelic ether; alternatively, a Cy-Csp cyelic ether; alternatively, a Cy-Cyg cyvclic ether;

o~

aiternatively, a Cy-Cys cyclic ether; or alternatively, a C,-Cyp cyclic sther.

[8113]  In an aspect of this disclosure, each newutral Bigand(s) of any transition metal complex
{general or specific) or transition metal precursor {general or specific) described herein, independently
can be, comprise, or congist essentially of, 2 dihydrocarbyl other or a substituted dikydrocarbyl ether;
or alternatively, a ditoydrocarby! ether. Hydrocarbyl groups {substituied or substituted) are generally
disclosed within the present disclosure (e.g. as a selection for R™, for the monocarboxylate having the
fornmula O,CR™ and/or as a selection for R', R7 &Y, RY RO RO RV RY R RY RY, RY RY, or RY,
among other places). The aspects and embodiments of these hydrocarbyl groups described herein
(either explicitly specified or implicitly recogoized by those skilled in the art), can be utilized without
Hnitation as hydrocarbyl groups of the dihvdrocarbyl ethers (substituted or unsubstituted) which can

be vtilized as the neutral ligand.

8114}  In a non-limiting embodiment, each neutral Higand(s) of any transition metal complex
{general or specific) or transition metal precursor {general or specific) described herein, independently
can be, comprise, or consist cssentially of, dimethy! ether, diethyl ether, dipropyl ether, dibutyl cther,
methyl cthyl ether, methyl propyl ether, methyl buty] ether, or any combination thereof] alternatively,
dimethyl ether; alernatively, dicthyl cther; alternatively, dipropyl ether; alternatively, dibutyl ether;
alternatively, methyl ethyi ether; alternatively, methyl propyl cther; or alternatively, methy! butyl
ether. In another nou-limiting embodirnent, each neutral higand(s) of any transttion metal complex
{general or specitic) or transition metal precursor {general or specific) deseribed herein, independently
can be, comprise, or consist essentially of, diphenyl cther, a substitoted dipheny! ether, ditolyl ether, a
substituted ditolyl ether, or any combination thereof; aliernatively, diphenyl cther, ditolyl ether, or any
combination thercof. In an embodiment, cach peutral ligand(s) of any iransition metal complex
{general or specific) or travsition metal precursor (general or specific) described herein, independently
can be, comprise, or consist essentially of, dipheny! ether; alternatively, a substituted diphenyi ether;

alternatively, ditolyl ether; or alternatively, a substituted ditolyl ether.

[#115]  In a non-limiting embodiment, cach neutral Hgand{(s) of any transition metal complex
{(general or specific) or transition metal precursor (general or specific) described herein, independently
can be, comprise, or consist essentially of, tetrahydrofuran, a substituted tetrahydrofuran, 2,3-
dihydrofuran, a substituted 2,3-dihydrofuran, 2,5-dihydrofiran, a substituted 2,5-dihydrofuran, ora
combination thereof alternatively, tetrahydrofuran, 2 3-dihydrofuran, 2,5-dihydroforan, ora
combination thercof; altornatively tetrahydrofuran; alternatively, a substituted tetrahydrofuran; 2,3-

dihydrofuran; alternatively, a substituted 2,3-dihydroturan; alternatively, 2,5-dihvdroforan; or
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alternatively, a substitated 2,5-dihydroforan. In another non-hmiting embodiment, cach neutral
ligand(s) of any transition metal complex (general or specific) or transition metal precursor (general
or specific} described herein, independently can be, comprise, or consist essentially of,
tetrahydrofimran, a 2-substitated tetrahydrofuran, a 3-substituted tetrahydrofuran, or any combination
thereof, alternatively, tetrabydroturan; alternatively, a 2-substituted tetrahydrofuran; or alterpatively, a
3-substituted tetrahydrofuran. In further non-himiting embodiments, cach neutral ligand(s) of any
transition metal complex (general or specific) or transition raetal precursor (general or specific)
described herein, independently can be tetrabydrofuran, a 2-alkyl substituted tetrahydrofuran, a 3-
alkyl substituted tewwshydrofuran, or any combination thereof; alternatively, tetrahydrofuran;
alternatively, a 2-alkyl substituted tetrahydrofuran; or alternatively, a 3-alkyl substituted

tetrahydrofuran.

{8#116]  In a non-limiting embodiment, cach neuiral ligand(s) of any transition metal complex
{general or specific) or transition metal precursor (general or specific) deseribed herein, independently
can be, comprise, or consist essentially of, furan, a substituted furan, benzoturan, a substituted
benzofuran, isobenzofuran, a substituted isobenzofuran, dibenzofuran, a substituted dibenzofuran, or
any combination thereof. In ancther non-limiting embodiment, cach neutral Hgand(s) of any
transition metal complex (general or specific) or transition raetal precursor (general or specific)
described herein, independently can be, comprise, or consist essentially of, furan, benzofuran,
1spbenzofuran, dibenzofuran, or any combination thercof; alternatively, furan; alternatively, a
substituted furan; aliernatively, benzofuran; altornatively, a substituted benzofuran; alternatively,
1sobenzofuran; alternatively, a substituted sebenzofuran; aliernatively, dibenzofuran; alternatively, 2

substituted dibenzofuran.

81171 I a non-limiting embodiment, each newutral ligand(s) of any transition metal complex
{general or specific) or transition metal precursor {general or specific) deseribed herein, independently
can be, comprise, or congist essentially of, tetrahvdrofuran, a substituted fetrabydrofuran,
tctraliydropyran, a substituted tetrabydropyran, 3,4-dihydro-2H-pyran, a substituted 3.4-dihydro-2H-
pyran, 3,6-dihydro-2H-pyran, a substituted 3,6-dihydro-2H-pyran, 2H-pyran, a substituted 2H-pyran,
4H-pyran, a substituted 4H-pyran, 1,3-dioxane, a substituted 1,3-dioxane, 1,4-dioxane, a substituted
1,4-dioxane, morphaline, a substituted morpholine, an N-substituted morpholine, 2 substituted M-
substituted morpholine, or any combination thereof, alternatively, tetrabydrofuran, tetrahydropyran,
3. 4-dihydro-2H-pyran, 3,6-dihydro-2H-pyran, 2H-pyran, 4H-pyran, 1,3-dioxane, 1,4-dioxane,
morpholine, an NV-substituted morpholine, or any combination thereof. In ancther non-limiting
embodiment, each neutral igand(s) of any transition metal complex {general or specific) or transition
metal precarsor {general or specific) described herein, independently can be, comprise, or consist
cssentially of, tetrahydrofuran, tetrahydropyran, 1,3-dioxane, 1,4-dioxane, or any combination thereof.

{n further non-limiting embodiments, each neutral igand(s) of any transition metal complex (general
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or specific) or transition metal precursor {general or specificy described herein, independently can be,
comprise, or consist essentially of, tetrahydropyran; alternatively, a substituted tetrahydropyran;
alternatively, 3,4-dihvdro-2H-pyran; alterpatively, a substituted 3,4-dihydre-2H-pyran; alicmatively,
3.,6-dihydro-2H-pyran; alternatively, a substituted 3,6-dihydro-2H-pyran; alternatively, 2ZH-pyran;
aliernatively, a substituted 2H-pyran; alternatively, 4H-pyran; altermatively, a sobstituted 4H-pyran;
alternatively, 1,3-dioxane; alterpatively, a substituted 1,3-dioxane; alternatively, 1,4-dioxane;
alternatively, a substituted 1,4-dioxane; alternatively, morpholing; alternatively, a substituted
morpholine; alternatively, an N-substitted morpholine; or alternatively, a substituted N-substituted

morpholine.

[B118]  General substituents (also referred to as non-hydrogen substituents or non-hydrogen
substituent groups) are independently disclosed herein. These substituent groups can be atilized
without limitation to further describe any substituted cther, substituted acyclic other, substituted cyclic
ether (alipbatic or aromatic), substitted dipheny! cthers, substituted ditolyl cthers, substituted
tetrahydrofirans, alky! substituted tetrahydrofurans, substinsted furans, benzofirans, isobenzofurans,
dibenzoforans, substituted tetrahydropyrans, substituted 3 4-dihydro-2H-pyrans, substituted 3,6-
dihvdro-2H-pyrans, substituted 4H-pyrans, substituted 1,3-dioxanes, substituted 1,4-dioxanegs,
substituted morpholines, N-hydrocarbyl morpholines, and/or substituted N-hydrocarbyl morpholines

which can be utilized as the neutral igand.

{8119]  In an embodiment, any thivether and/or acychic thiocther (substituted or unsubstituted),
which can be utilized as the neutral ligand, can be, comprise, or consist essentially of, 8 $-Cyp
thigether and/or acyelic thiocther; sltematively, a C-Csg thisether and/or acyclic thicether;
alternatively, a C)-Cy thioether and/or acyclic thioether; altematively, a C,-Cy5 thiosther and/or
acyelic thioether; or alternatively, a Cy-Cop thicether and/or acyelic thioether., Tn an embodiment, any
cychic thioether (substituted or unsubstitated, and/or aliphatic or aromatic), which can be utilized as
the neuotral ligand, can be, comprise, or consist essentially of a C;-Cy cyclic thicether; altornatively, a
C4Csp cyclic thiogther; alternatively, a Ca-Cyp cyclic thiocther; alternatively, a Cy-C5 oyclic thicether;

or alternatively, a C4-Cyp cyclic thioether,

18128]  In anaspect of this disclosure, cach neutral igand(s) of any transition metal complex
{(general or specific) or transition metal precursor (general or specific) described herein, independently
can be, comprise, or consist essentially of, a dihydrocarbyl thivether or a substituted dibydrocarbyl
thigether; or alternatively, a dihydrocarbyl thivether. Hydrocarbyl groups (substituted or substituted)
are generally disclosed within the present disclosure (e.z. as a sclection for R, for the
monocarboxylate having the formula "O,CR™ and/or as a selection for R RZ, Ri R4, R°, R R, Rg,
&Y RY RY, R™ RY, or RY, among other places). The aspects and embodiments of these hydrocarbyl

groups described herein (either explicitly specified or implicitly recognized by those skilled in the
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art}, can be utilized withow lmitation as hydrocarbyl groups of the dihydrocarby! thivethers
(substituted or unsubstituted) which can be utilized as the neutral ligand.

{8#121]  In a non-limiting embodiment, cach ncuiral ligand(s) of any transition metal complex
{general or specific) or transition metal precursor (general or specific) deseribed herein, independently
can be, comprise, or consist essentially of, dimethyl thicether, dicthy! thicether, dipropy! thioether,
dibutyl thioether, methy! ethyl thioether, methyl propyl thioether, methy! butyl thioether, or any
combination thercof. In another non-Hmiting embodiment, cach neutral ligand(s) of any transition
metal complex {general or specific) or fransition metal precursor {general or specific) described
herein, independeuntly can be, comprise, or consist essentially of, dimethy! thiocther; alteroatively,
diethyl thioether; alternatively, dipropy! thicether; alternatively, dibutyl thioether; alternatively,
methyl ethyl thicether; alternatively, methyl propyl thivether; alternatively, or methyl butyl thioether.
In a non-limiting crabodiment, each noutral ligand(s) of any transition metal complex {(general or
specific) or transition metal precursor {general or specific) deseribed herein, independently can be,
comprise, or consist essentially of, diphenyl thicether, a substituted diphenyi thicether, ditolyl
thioether, a substituted ditolyl thiocther, or any combination thereof; alternatively, diphenyt thigether,
ditolyl thicether, or any combination thergof, In an embodiment, each neutral ligand(s) of any
transition metal complex (general or specific) or transition raetal precursor (general or specific)
described herein, independently can be, comprise, or consist essentially of, dipheny! thioether;
alternatively, a substituted dipheny! thiocther; alternatively, ditolyl thioether; or alternatively, a
substituted ditoly! thioether.

{8#122]  In a non-limiting embodiment, cach ncuiral Higand(s) of any transition metal complex
{general or specific) or transition metal precursor (general or specific) deseribed herein, independently
can be, comprise, or consist essentially of, thiophene, a substituted thiophene, benzothiophene, a
substitoted benzothiophene, or any combination thereof. In another non-limiting embodiment, each
neutral Hgand(s) of any transition metal complex (general or specific) or transition metal precursor
{general or specific) described herein, independently can be, comprise, or consist ossentially of,
thiophene, benzothiophene, or any combination thereof] alternatively, thiophene; alternatively, a

substituted thiophene; alternatively, benzothiophene; or alternatively, a substituted benzothiophene.

{#123]  In a non-limiting embodiment, cach neutral Hgand{(s) of any transition metal complex
{(general or specific) or transition metal precursor (general or specific) described herein, independently
can be, comprise, or consist essentially of, teirahydrothiophene, a substituted tetrahydrothiophene,
thiane, a substituted thiane, or any combination thereof, In another non-Hmiting embodiment, cach
neutral Hgand(s) of any transition metal complex (general or specific) or transition metal precursor
{general or specific) described herein, independently can be, comprise, or consist essentially of)

tetrahydrothiophene, thiane, or a combination thereof: alternatively, tetrahydrothiopheng;
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alternatively, a substituted tetrahydrothiophene; alternatively, thiane; or alternatively, a substituted

thiane.

18#124]  Goeneral substituents (also reforred to as non-hydrogen substituents or non-hydrogen
substituent groups) are fndependently disclosed herein. These substituent groups can be utilized
without Inutation to further describe any substituted thioether, substituted acyclic thioether,
substituted cyclic thivether, substituted diphenyl thiol ethers, substituted ditelyl thicethers, substituted

thiophencs, and/or substituted benzothiophenes which can be utilized as the neutral ligand.

[8125] In an embodiment, any nitrile (substituted or unsubstituted), which can be utilized as the
neutral ligand, can be, comprise, or consist essentially of, a C)-Cqy aliphatic nitrile; alternatively, a Co-
45 aliphatic nitrile; ahlternatively, a C-Cyp aliphatic nitrile; or alternatively, a C,-C; aliphatic nitrile.
{n an embodiment, any nitrile (substituted or umsubstituted), which can be utilized as the neutral
tigand, can be, comprise, or consist essentially of, a Ce-Cyp aromatic nitrile; alternatively, a Ce-Cys
aromatic nitrile; or alternatively, a Co-Cyp aromatic nitrile,

[8#126]  In an aspect of this disclosure, cach neutral ligand(s) of any transition metal complex
{general or specific) or transition metal precursor (general or specific) deseribed hercin, independenily
can be, comprise, or consist essentially of, a hydrocarby! nitrile or a substituted hydrocarbyl nitrile; or
aliernatively, a hydrocarbyl mitrile. Hydrocarbyl groups (substituted or substituted) are generally
disclosed within the present disclosure {.g. as a selection for R™, for the monocarboxylate having the
formula O,CR™ and/or as a sefection for R, R,zﬂ R’ R* LR, Ri R, R,aﬂ R” R,mg R R, R,]39 or RY,
among other places). The aspects and embodiments of these hydrocarbyl groups described herein
(either explicitly specified or implicitly recognized by those skilled in the art), can be utilized without
limitation as hydrocarbyl groups of the hydrocarby! nitrile (substituted or unsubstituted) which can be

utilized as the neutral ligand.

91271 In a non-limiting embodiment, each neutral ligand(s} of any transition metal complex
{general or specitic) or transition metal precursor {general or specific) deseribed herein, independently
can be, comprise, or consist essentially of, acetonitrile, propionitrile, butyronitrile, or any combination
thereof. In another non-Hmiting embodiment, each neutral ligand(s) of any transition metal complex
{general or specific) or transition metal precursor {general or specific) described herein, independently
can be, comprise, or consist essentially of, acetonitrile; alternatively, propionitrile; or alternatively,

butyronitrile.

[#128]  In a non-limiting embodiment, cach neutral Hgand{(s) of any transition metal complex

{(general or specific) or transition metal precursor (general or specific) described herein, independently
can be, comprise, or consist essentially of, benzonitrile, a substituted benzonitrile, or any combination
thereof] alternatively, benzonitrile; or alternatively, a substituted benzonitrile. In another non-linmiting

embodiment, each neutral higand(s) of any transition metal complex {general or specific) or transition
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metal precursor {general or specific) described herein, independently can be, comprise, or consist
essentially of, benzonitrile, a 2-substituted benzonitrile, a 3-substituted benzonitrile, a 4-substituted
benzonitrile, a 2,4-substituted benzoniirile, a 3,5-disubstituted, a 2.4, 6-trisubsitiuted benzonurile, or
any combination thereof; alternatively, a 2-substituted benzonitrile, a 4- substituted benzonitrile, a
2, 4-substituted benzonitrile, a 2,4,6-trisubstituted benzonitrile, or any combination thereof
aliernatively, a Z-substituted benzonitrile; aliernatively, a 3-substituied benzonitrile; alternatively, a 4-
substituted benzonitrile; alternatively, a 2 4-substituted benzonitrile; alternatively, a 3,5-disubstituted;
or alternatively, a 2,4 6-trisubstituted benzonitrile. 1o yet other embodiments, each neutral ligand(s)
of any transition metal complex (general or specific) or transition metal precursor {general or specific)
described herein, independently can be, comprise, or consist essentially of, benzonitrile, a 2-alkyl
benzonitrile, a 3-alkyl benzonitrile, a 4-methyltbenzonitrile, a 2,4-alkyl benzonitrile, 2 3,5-dialkyl, a
2,4,6-trialkyl benzonitrile, or any combination thercof; alternatively, a 2-alkyl benzonitrile, a 4-alkyl
benzonitrile, a 2,4-alkyl benzonitrile, a 2,4,6-trialkyl benzontirile, or any combination thereof
aliernatively, a 2-alkyl benzonitrile; alternatively, a 3-alky! benzonitrile; alternatively, a 4-alkyl
enzonitrife; alternatively, a 2, 4-alkyl benzoniirile; alternatively, a 3,5-dialkyl; or alicrnatively, a

2.4,6-trialkyl beozonitrile,

18129]  QGeneral substituents (also referred to as non-hydrogen substitucuts or novn-hydrogen
substituent groups) are independently disclosed herein. These substituent groups can be utilized
without limitation o forther describe any substituted aliphatic mirile, substituted aromatic nitrile,
substituted benzonitriles, and/or alkyl substituted benzonitriles which can be utilized as the neutral

ligand.

[9138] v an cmbodiment, any amine and/or acychic amine (substituted or unsubstituted), which can
be utilized as the neutral ligand, can be, comprise, or consist essentially of, a C-Cg amine and/or
acyclic amine; alternatively, a8 C;-Cy; amine and/or acyclic amine; alternatively, a C-Csy amine and/or
acyclic amine; alternatively, a {;-Cyo amine and/or acyclic amine; alternatively, 8 C-C 5 amine and/or
acyclic amine; or aliernatively, a C;-Cyp amine and/or acychic amine. In an embodiment, any cyclic
amine {substituted or unsubstituted, and/or aliphatic or aromatic), which can be utilized as the neutral
Higand, can be a C5-Cy cyclic amine; alternatively, a C5-Cyq cyclic amine; alternatively, a C3-Cag

cyclic amine; alternatively, a Cp-Cyp ¢yclic amine; or alternatively, a Cy-Cy5 cyelic amine,

[8133]  In an aspect of this disclosure, cach neutral ligand(s) of any transition metal complex
{general or specific) or transition metal precursor (general or specific) described hercin, independently
can be, comprise, or consist essentially of, a bydrocarbylamine, a substituted hydrocarbyl aming, a
dihydrocarbylamine, a substituted dihydrocarbylaming, a tnhydrocarbylamine, a substituted
trihydrocarbylamine, any combination thereof, a hydrocarbylamine, a dihydrocarbylamine, a
irihydrocarbylamine, or any combination thereof; aliernatively, a hydrocarbylamine or a substituted

hyvdrocarbylanine; alternatively, a dihydrocarbylamine or a substituted dibydrocarbylanyune;
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alternatively, a trihydrocarbylamine or 2 substituted trihydrocarbylamine; alternatively, a
hydrocarbylamine; alternatively, a substituted hydrocarbylamine; alternatively, a dibydrocarbylamine;
alternatively, a substituted dihydrocarbylamine; aliomatively, a tribydrocarbylamine; or alternatively,
a substituted trihydrocarbylamine. Hydrocarbyl groups (substituted or substituted) are generally
disclosed within the present disclosure {e.g. as a selection for R™, for the monocarboxylate having the
formula "0,CR™ and/or as a selection for R, ®%, RO, Y R® RS R, RS RO RMORY RY RY, or RY,
amoung other places). The aspects and crobodiments of these hydrocarbyl groups described herein
{(either explicitly specified or implicitly recognized by those skilled in the art), can be utilized without
limnitation as the hydrocarbyl groups of the hydrocarbylamine (substitited or ansubstituted), a
dihydrocarbylamine {substituted or vnsubstituted), a trihydrocarbylamine (substituted or

unsubstituted) which can be utilized as the neutral ligand.

{8132]  In a non-limiting embodiment, cach neuiral Higand(s) of any transition metal complex
{general or specific) or transition metal precursor (general or specific) deseribed herein, independently
can be , comprise, or consist essentially of, methyl amine, ethyl amine, propyl amine, butyl amine,
dimethyl amine, diethyl amine, dipropy! amine, dibutylamine, trimethy! amine, triethyl amine,
tripropyl amine, tribuiyl amine, or any combination thereof, In ancther non-limiting embodiment,
cach neutral ligand(s) of any transition metal complex (general or specific) or transition metal
precursor {general or specific) described herein, independently can be, comprise, or consist essentially
of, methyl amine, ethyl amine, propyl amine, butyl amine, or any combination thereof; alternatively,
dimethy! amine, dicthyi amine, dipropyl amine, dibutylamine, or any combination thereof, or
alternatively, trimethyl aming, triethyl amine, tripropyl amine, tributyl amine, or any combination
thereof. In yet another non-limiting embodiment, each neutral ligand(s) of any transition metal
complex {general or specific) or transition metal precursor {(general or specific) deseribed herein,
independently can be, comprise, or consist essentially of, methyl amine; alternatively, ethyl aning;
alternatively, propyl amine; alternatively, butyl amine; alterpatively, dimethyl aming; alternatively,
dicthyl amine; altematively, dipropyl amine; alternatively, dibutylamine; altematively, trimethyl

amine; alternatively, triethy] amine; alternatively, tripropyl amine; or alternatively, tributyl amine.

{B133]  In a non-himiting embodiment, each neutral ligand(s) of any transition metal complex
{(general or specific) or transition metal precursor (general or specific) described herein, independently
can be, comprise, or consist essentially of, aniline, a substituted aniling, a N-hydrocarby! aniline, a
substituted N-hydrocarbyl aniling, a N N-dihydrocarbyl aniline, a substituted N, N-
dihydrocarbylaniline, diphenylamine, a di(sabstituted phenylamine, a N-hydrocarbyl diphenylamine,
a N-hydrocarbyl di(substituted phenyllamine, triphenylamine, a substituted triphenylamine, or any
combination thercof. In another non-Hmiting embodiment, cach neutral ligand(s) of any transition
metal complex (general or specific) or transition raetal precursor {general or specific) described

herein, independently can be, comprise, or consist essentially of, aniline, a substituted aniline, a N-
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hydrocarbyl aniline, a substitated N-hydrocarbyl aniline, a N N-dihydrocarbyl amline, a substitited
N.N-dihydrocarbyl aniline, or any combination thercof; alternatively, diphenylamine, a di(substituied
pheayhamine, 2 N-bydrocarbyl dipheuylamine, a N-hydrocarby] di{substitite phenybhamine, or any
combination thereof or aliernatively, triphenylamine, a substituted triphenylamine, or any
combination thereof. In yet another non-Hmiting embodiment, each neutral Bgand(s) of any transition
metal complex {general or specific) or fransition metal precursor {general or specific) described
herein, independeuntly can be, comprise, or consist essentially of, aniline; alternatively, a substituted
aniling; alternatively, a N-hydrocarby! aniling; alternatively, a substituted N-hydrocarbyl aniling;
alternatively, a N,N-dihyvdrocarbyl aniline; aliernatively, a substituted N, N-dihydrocarby! aniling;
alternatively, diphenylamine; aliernatively, a di{substituted phenylamine; alternatively, a N-
hydrocarbyl diphenylamine; altervatively, a N-hydrocarbyl di{substitute phenyliamine; alternatively,
triphenylandune; or alternatively, a substituted triphenviamine. In some non-Hmiting embodiments,
cach neutral igand(s) of any transition metal complex {general ov specific) or transition metal
precursor {general or specific) deseribed herein, independently can be, comprise, or consist essentially
of, aniline, tolylamine, xylylaminoe, diphenylamine, ditolylamine, tripbenylamine, or any combination
thercof. In other non-limiting cmbodiments, each coordinating compound can aniline; alternatively,
tolylamine; alternatively, xylylaming; alternatively, diphenylamine; altematively, ditolylamine; or

alternatively, triphenylamine.

[#134]  In a non-limiting embodiment, cach neutral Hgand(s) of any transition metal complex
{(general or specific) or transition metal precursor (general or specific) described herein, independently
can be, comprise, or consist essentially of, pyrrole, 2 substituted pyrrole, indole, a substituted indole,
pyridine, a substituted pyridine, quinoline, a substituted quinoline, or any combination thereof. In
another non-limiting embodiment, each neutral Higand(s) of any trapsition metal complex (general or
specific) or transition metal precursor (gencral or specific) described hercin, independently can be,
comprise, or consist essentially of, pyrrole, a substituted pyrrole, or any combination thereof]
alternatively, indole, a substituted indole, or any combination thereef; altomatively, pyriding, a
substituted pynidine, or any combination thereof; or alternatively, quinoline, a substituted quinoline,
or any combination thereof; alternatively, pyrrole, indole, pyriding, quinoline, or any combination
thereof. In yet another non-limiting embodiment, cach neutral ligand(s) of any transition metal
complex {general or specific) or transition metal precursor {general or specific) described herein,
mdependently can be, comprise, or consist cssentially of, pyrrole; alternatively, a substituted pyrrole;
aliernatively, indole; alkernatively, a substituted indole; alternatively, pyridine; alternatively, a
substituted pyridine; alternatively, quinoline; or alternatively, an substituted quinoline.

18135] General substituents (also referred to as non-hydrogen substituents or non-hydrogen
substituent groups) are independently disclosed herein. These substituent groups can be utilized

without Hmitation to further describe any substituted amine, substituted acyclic amine, substituted
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cyclic amine, N-hydrocarbyl aniline (substituted or unsebstituted), N MN-dihydrocarby! aniline
(substituted or unsubstituted), substituied diphenylamines, substituted triphenylamines, substituted
pyrroles, substituted indoles, substituted pyridines, and/or substituted quinolines which can be utilized

as the neutral ligand.

[8136] In an aspect, the neutral Hgand(s) of any transition metal complex {gencral or specific) or
transition metal precursor (general or specific) described hergin, independently can be a pyrrole
compound. In an embodiment, the pyrrole compound which can be utilized as a neutral ligand can

have Structure P1.

Structure P

fo Strocture P1, R, R® R™ and R™ independently can be a hydrogen atom or a substitucnt group.

T an embodiment where the pyrrole has Structure P1, R”, R™, and R™ can be hydrogen and R™ can
be any non-hydrogen pyrrole substituent described hercin; or alternatively, R, R™, and R™ can be
hydrogen and R can be any non-hydrogen pyrrole substituent described herein. In an embodiment
where the pyrrole has Structare P1, R and R™ can be hydrogen and R™ and R™ independently can be
any non-hydrogen pyrrole substituent described herein; alternatively, R™ and R™ can be hydrogen and
R and R” independently can be any non-hydrogen pyrrole substituent described herein; or
alternatively, R™ and R can be hydrogen and R" and R independently can be any non-hydrogen
pyrrole substituent described herein. In an embodiment where the pyrrole has Structure P1, R can
be hydrogen and R, R, and R™ independently can be any non-hydrogen pyrrole substituent
described herein; or alternatively, R* can be hydrogen and R*, ™, and R can be any non-hydrogen
pyrrole substituent described herein. In other embodiments, R, R'®, R, and R” independently can

be any nov-hydrogen pyrrole substituent described herein.

{81371 In an cmbodiment, the pyrrele compound which can be utilized as a neutral ligand can have
Structure P2, Structure P3, Structure P4, Structure PS5, or a combination thercof; alicmatively,
Structure P2, Structure P3, Structure P4, or any combination thereof] alternatively, Structure P2;

aiternatively, Structure P3; alternatively, Structure P4; or alternatively, Structure P5.
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independently can be any non-hydrogen pyrrole substituent deseribed herein.

[8138] Inan embodiment, cach non-hydrogen substituent groups which can be utilized as R, R,
R, and R of the pyrrole compound having Stracture P1 or utifized as R, R'F, R'%, R¥?, R,
R RM™ R and R*Y of the pyrrole compounds having Structures P2, P3, P4, and/or P5
mdependently can be a halide, a organoxy group, or an organy! group; alternatively, a halide or an
organoxy group; alternatively, a halide or an organyl group; alternatively, a organoxy group or an
organyi group; altcrpatively, a halide; alternatively, a organoxy group; or slternatively, an organyl
group. In an embodiment, cach non-hydrogen substituent groups which can be utilized as R*F, R,
R, and R’ of the pyrrole compound having Structure P1 or utilized as R'P RIP R R R¥P)
R¥P R R and R™P of the pyrrole compounds having Structures P2, P3, P4, and/or P5
independently can be a halide, a organoxy group consisting of inert fimctional groups, or an organyl
group consisting of inert functional groups; alicrnatively, a halide or an organoxy group consisting of
inert functional groups; alternatively, a halide or an organyl group consisting of inert functional
groups; alternatively, a organoxy group consisting of inert fumctional groups or an organyl group
consisting of inert functional groups; alternatively, a halide; alternatively, a organoxy group
consisting of inert functional groups; or alternatively, an organyl group consisting of inert fimctional
groups. In an embodiment, cach non-hydrogen substitucnt groups which can be wtilized as R, R?,
R™ and R of the pyrrole compound having Structure P1 or utilized as R'?, R'P R R¥P R™)
R¥7 R R™ and R*P of the pyrrole compounds having Stractures P2, P3, P4, and/or P5
independently can be a halide, a hydrocarboxy group, or a hydrocarbyl group; alternatively, a halide
or a hydrocarhboxy group; alternatively, a halide or @ hydrocarby! group; alternatively, a bydrocarboxy
group or a hydrocarbyl group; altematively, a halide; alternatively, a hydrocarboxy group; or

alternatively, a hydrocarbyl group.

[813%]  In an aspect or any embodiment deseribed herein, each organyl group which can be utilized
as a non-hydrogen substituent group of the pyrrole compound having Structure PI, P2, P3, P4, and/or
P35 independently can be a C,-Csg organyl group; alternatively, a Cy-Cyg organyl group; alternatively, a

C-Cy organyl group; or alternatively, a C-Cs organyl group. In an aspect or any embodiment
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described herein, each organoxy group which can be utilized as 8 non-hydrogen substituent group of
the pyrrole compound having Structure P1, P2, P3, P4, and/or P35 independently can be a C-Cyg
organoxy group; alfernatively, a C;-Cyg organoxy group; altematively, a C1-Cyg organoxy group; o1
alternatively, a C;-Cs organoxy group. In an aspect or any embodiment described herem, each
organyl group consisting of inert functional groups which can be utihized as a non-hydrogen
substituent group of the pyrrole compound having Stracture P, P2, P3, P4, and/or PS independently
can be a C;-Csyp organyl group consisting of inert functional groups; altematively, a C-Cyp organyl
group consisting of inert functional groups; ahternatively, a C;-Cyp organyl group consisting of inert
fumctional groups; or alternatively, a C,-Cs organyl group consisting of inert functional groups. In an
aspect or any embodiment described herein, cach organoxy group consisting of inert functional
groups which can be utilized as a non-hydrogen substituent group of the pysrrole compound baving
Structure P11, P2, P3, P4, and/or PS5 independently can be a C,-Cy organoxy group consisting of inert
functional groups; alternatively, a C-Cig organoxy group consisting of inert functional groups;
aliernatively, a C;-Cyp organoxy group consisting of inert functional groups; or alternatively, a C-Cs
organoxy group consisting of inert functional groups. In an aspect or any embodiment described
herein, cach hydrocarbyl group which can be utilized as a non-hydrogen substituent group of the
pyrrole compound having Structure PL, P2, P3, P4, and/or PS independently can be a C)-Cyg
hydrocarbyl group; alternatively, a C-Cis hydrocarbyl group; alternatively, a C-Cyg hydrocarbyl
group; or alternatively, a C;-Cs hydrocarbyl group. In an aspect or any embodiment described herein,
cach hydrocarboxy group which can be utilized as 2 non-hydrogen substituent group of the pyrrole
compound having Structure Pi, P2, P3, P4, and/or PS5 independently can be a C;-Cyp hydrocarboxy
group; alternatively, a C-Cig hydrocarboxy group; alternatively, a C1-C hydrocarboxy group; or

alternatively, a C;-Cs hydrocarboxy group.

{8148] In an aspect or any embodiment described herein, cach halide which can be otilized as a
nou-hydrogen substituent group of the pyrrole compound baving Structure P, P2, P3, P4, and/or PS5
independently can be fluoride, chioride, bromide, or tedide. In an aspect or any embodiment
described herein, each halide which can be utilized as a non-hydrogen substituent group of the pyrrole
compound having Structere P, P2, P3, P4, and/or PS independently can be fluoride; alternatively,

chloride; alteratively, bromide; or alternatively, lodide.

{#141] o an cmbodimend, each non-hydrogen substituent group which can be utilized as a non-
hydrogen substituent group of the pyrrole compound baving Structure P1, P2, P3, P4, and/or P3
mdependently can be an alkyl group, a substituted alkyl group, a cycloalkyl group, a sabstituted
cycloalkyl groap, an aryl group, a substituted aryl group, an aralkyl group, or a substituted aralioyl
group; alternatively, an alkyl group, a cycloalkyl group, an aryi group, or an aralky! group;
alternatively, an alkyl group or a substituted alkvl group; alternatively, a cycloalkyl group ora

substituted cycloalkyl group; alternatively, an aryl group or a substituted ary] group; or alternatively,
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an aratkyl group or a substituted aralkyl group. In other embodiments, cach non-hydrogen substitiient
group which can be utilized as a non-hydrogen substitucnt group of the pyrrole compound having
Structure P11, P2, P3, P4, and/or PS independently can be alkyl group; alternatively, & substituted alkyl
group; alternatively, a cycloalkyl group; alternatively, a substituted cycloalkyl group; alternatively, an
aryl group; alternatively, a substituted aryl grovp; alternatively, an aralkyl group; or alternatively, a
substituted aratkyl group. Generally, the alkyl group, substituted atkyl group, cycloalkyl group,
substituted cycloalkyl group, aromatic group, substituted aromatic group, aryl group, substituted aryl
group, aralkyl group, substituted aralkyl group, and/or silyl group which can be utilized as a non-
hyvdrogen substituent group of the pyrrole compound having Structure P1, P2, P3, P4, and/or P53 can
have the same number of carbons as its respective organyl group or hydrocarby! group which can be
wtilized as a non-hydrogen substituent group of the pyrrole compound having Stracture P1, P2, P3,

P4, and/or P5 disclosed herein.

18142] v an cmbodiment, cach alkyl group (substituted or unsubstituted) which can be utilized as a
non-hydrogen substituent group of the pyrrole compound having Structure P, P2, P3, P4, and/or P5
independently can be a C;-Cy alkyl group (substituted or unsubstituted); alternatively, a Ci-Cip allivl
group {substituted or unsubstituted); or alternatively, 2 C;-Cs alkyl group {substituted or
unsubstituted). In some embodiments, cach non-hydrogen substituent group which can be utilized as
a non-hydrogen substituent group of the pyrrole compound having Stracture P, P2, P3, P4, and/or PS
independently can be a methyi group, an cthyl group, a propy! group, a butyl group, a pentyl group, a
hexyl group, a heptyl group, an octyl group, & nonyl group, or a decyl group. In somce embodiments,
cach alkyl group which can be utilized 28 a non-hydrogen substituent group of the pyrmrole compound
having Structure PL, P2, P3, P4, and/or P5 independently can be a methyl group, an ethyl group, a n-
propyl group, an iso-propyl group, a n-butyl group, an iso-buty] group, a sec-butyl group, a tert-butyl
group, a n-pentyl group, an iso-pentyl group, a sec-pentyl group, or a neopentyl group; aliernatively, a
methyf group, an ethyl group, an iso-propyl group, a tert-butyl group, or & neopentyl group;
alternatively, a methyl group; aliomatively, an ethyl group; alternatively, a n-propyl group;
alternatively, an iso-propyl group; alternatively, a tert-buty! group; or alternatively, a neopenty! group.
In an embodiment, any of these alkyl groups can be substituted to form a substitoted alkyl group. In
an embodiment, cach substituent of a substituted altky! group independently can be 2 halide or
hydrocarboxy group; alternatively, a halide; or ahernatively a hydrocarboxy group. Substituent
halides and hydrocarboxy groups are independently disclosed heren and can be utilized without
Hmitation to further describe the substituted alkyl group which can be otilized as a non-hydrogen
substituent group of the pyrrole compound having Structure P1, P2, P3, P4, and/or PS.

{8143]  In an embodiment, the cycloalkyl group (substituted or vusobstituted) which can be utilized

as a non-hydrogen substituent group of the pyrrole compound having Structure P1, P2, P3, P4, and/or

PS independently can be a Cy-Cy cycloalkyl group (substituted or unsubstituted); alternatively, a Cy-
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Cys cycloatkyl group (substituted or unsubstituted): or alternatively, a Cy-Cig cycloalkyl group
(substituted or unsubstituted). In some embodiments, cach non-hydrogen substituent group which can
be utilized as a nov-hydrogen substituent group of the pyrrole compound having Stracture P1, P2, P3,
P4, and/or P5 ndependently can be a cyclopenty! group, a substituted eyclopentyl group, a cyclohexyl
grovup, or a substituted cyclohexyl group. In other embodiments, cach non-hydrogen substituient
group which can be utilized as a non-hydrogen substituent group of the pyrrole compound having
Stracture P1, P2, P3, P4, and/or PS independently can be a cyclopentyl group or a substituted
cyelopentyl group; or alternatively, a cyclohexyl group or a substitated cyclohexyl group. In further
embodiments, each non-hydrogen substituent group which can be utilized as a non-hydrogen
substituent group of the pyrrole compound having Structure P, P2, P3, P4, and/or P5 independently
can be a cyclopentyl group; alicrnatively, a substituted cyclopentyl group; aiternatively, a cyclohexyl
group; or alternatively, a substituted cyclohexyl group. Substituents which can be utilized for the
substituted cycloalky! groups are independently disclosed herein and can be utilized without
Hmitation to further describe the substituted cyeloalkyl group which can be wtilized as 3 non-hydrogen

substiteent group of the pyrrole compound having Structure P1, P2, P3, P4, and/or PS.

{8144] In some embodiments, the aryl group (substituted or vnsubstituted) which can be utilized as
a non-hydrogen substituent group of the pyrrole compound baving Stracture P, P2, P3, P4, and/or PS5
mdependently can be a Co-Cyyp aryl group (substituted or unsubstituted); alternatively, a Ce-Cys aryl
group {substituted or unsubstituted); or alternatively, a Co-Cig aryl group (substituted or
unsubstituted). in some embodiments, cach non-hydrogen substituent group which can be utilized as
a non-hydrogen substituent group of the pyrrole compound having Structure P11, P2, P3, P4, and/or PS
independently can be a phenyl group, a substituted pheny! group, a naphthyl group, or a substituted
naphthyl group. In an embodiment, each non-hydrogen substituent groap which can be utilized as a
non-hydrogen substituent group of the pyrrole compound baving Structure P, PZ, P3, P4, and/or P3
independently can be a pheny! group or a substituted phenyl group; alternatively, a naphthyl group or
a substituted naphthyl group; aliernatively, a pheoyl group or a naphthy! group; or alteroatively, a
substituted phenyl group or a substituted naphthy! group. Substituents which can be utilized for the
substituted phenyl groups or substituted naphthy! groups are independently disclosed herein and can
be utilized without Hmitation to further describe the substituted phenyl groups or substituted naphthyl
groups which can be utilized as a nov-hydrogen substituent group of the pyrrole conpound haviong

Structure PL, P2, P3, P4, and/or P5.

[8148] fn an embodiment, cach substituted phenyl group which can be utilized as a non-hydrogen

substituent group of the pyrrole compound having Stracture P11, P2, P3, P4, and/or PS independently

can be a Z-substituted phenyl group, a 3-substituted phenyl group, a 4-substituted phenyl group, a

2 4-disubstituted phenyl group, a 2,6-disubstituted phenyl group, 3,5-disubstituted phenyl group, ot a

2.4, 6-trisubstituted phenyl group. In other embodiments, each substituted phenyl group which can be
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utilized as a non-hydrogen substituent group of the pyrrole compound having Stroctare P1, P2, P3,
P4, and/or PS independently can be a 2-substituted phenyl group, 8 4-substitated phenyl group, a
2,4-disubstituted phenyl group, or a 2,6-disubstituted phenyi group; alternatively, a 3-substituted
phenyi group or a 3,3-disubstituted phenyl group; alternatively, a 2-substituted phenyl group or a
4-sabstituted phenyl group; alternatively, a 2,4-disubstituted phenyl group or a 2,6-disubstituted
phenyl group; alternatively, a 2-substituted phenyl group; alteratively, a 3-substituted phenyl group;
alternatively, & 4-substituted phenyl group; alternatively, a 2,4-disubstituted pheny! group;
alternatively, a 2,6-disubstituted pheny! group; altersatively, 3,5-disobstitated phenyl group; or
alternatively, a 2,4,6-trisubstituted phenyl group. Substituents which can be utilized for these specific
substituted phenyl groups are independently disclosed herein and can be wtilized without limitation to
further describe these substituted phenyl groups which can be utilized as a non-hydrogen substituent

group of the pyrrele coropound having Structure P1, P2, P3, P4, and/or P35,

18146] v an cmbodiment, the aralkyl group (substituted or unsubstituted) which can be utilized as a
non-hydrogen substituent group of the pyrrole compound having Structure P, P2, P3, P4, and/or P5
independently can be a C;-Cyp aralkyl group (substituted or unsubstituted); alternatively, a 85-Cys
aralkyl group {substituted or unsubstituted); or alternatively, a C-Cyg aralkyi group (substituied or
unsubstituted). In some embodiments, cach non-hydrogen substituent group which can be utilized as
a non-hydrogen substituent group of the pyrrole compound having Stractare P, P2, P3, P4, and/or PS
independently can be a benzyl group or a substituted benzyl group. In an embodiment, each non-
hydrogen substituent group which can be utifized as a non-hydrogen substituent group of the pyrrole
compound having Stracture P, P2, P3, P4, and/or P5 independently can be a benzyl group, or
alternatively, a substituted benzyl group. Substituents which can be utilized for the substituted aralkyi
groups are independently disclosed herein and can be utilized without Hmitation to further deseribe
the substituted aralkyl groups which can be utilized as 2 non-hydrogen substituent group of the

pyrrele compound having Structure PI, P2, P3, P4, and/or P53,

{8147] In an embodiment, cach non-hydrogen substituent group which can be uiilized as a non-
hyvdrogen substituent group of the pyrrole compound having Structure P, P2, P3, P4, and/or PS
mdependently can be an alkoxy group, a substituted alkoxy group, a eycloalkoxy group, a substituted
cycloatkoxy group, an aroxy group, a substituted aroxy group, an aralkoxy group, or a substituted
arailioxy group; alternatively, an alkoxy group, a cycloalkoxy group, an aroxy group, or an aralkoxy
group; alternatively, an alkoxy group or a substituted alkoxy group; alternatively, a cycloalkoxy group
or a substituted evcloatkoxy group; alternatively, an aroxy group or a substitated aroxy group; or
aliernatively, an aralkoxy group or a substituted aralkoxy group. In other embodiments, each non-
hydrogen substituont group which can be utilized as 3 non-hydrogen substituent group of the pyrrole
compound having Structure P1, P2, P3, P4, and/or P5 independently can be alkoxy group;

alternatively, a substituted alkoxy group; alternatively, a eycloalkoxy group; aliematively, a



21pERIPOT
WO 2013/089963 53 PCT/US2012/065289

substituted cycloalkory group; alternatively, an aroxy groop; alternatively, 8 substituted aroxy group;
alternatively, an aralkoxy group: or aliernatively, a substituted aralkoxy group. Generally, the alkoxy
group, substituted alkoxy group, cycloalkoxy group, substituted cycloalkoxy group, aromatic group,
substituted aromatic group, aroxy group, substituted aroxy group, aralkoxy group, and/or substituted
aralkoxy group which can be utilized as a non-hydrogen substituent group of the pyrrole compound
having Structure P1, P2, P3, P4, and/or P35 can have the same number of carbons as the hydrocarboxy
group which can be utilized as a non-hydrogen substituent group of the pyrrole compound having
Structure P1, P2, P3, P4, and/or P3 disclosed herein, Substituent group are independently described
herein and can be utitized without himitation to further describe the substituted alkoxy group,
cycloalkoxy group, substitated cycloalkoxy group, aromatic group, substituted aromatic group, aroxy
group, substituted aroxy group, aralkoxy group, and/or substituted aralkoxy group which can be
wilized as 2 non-hydrogen substituent group of the pyrrole compound having Structure P1, P2, P3,

P4, and/or P5.

{8148] I an embodiment, each non-hydrogen substituent group which can be utilized as a non-
hydrogen substituent groap of the pyrrole compound having Structare P1, P2, P3, P4, and/or PS
independently can be a methoxy group, an cthoxy group, a propoxy group, 3 butoxy group, a pentoxy
group, a hexoxy group, a heptoxy group, or an octoxy group; or alternatively, & methoxy group, an
cthoxy group, a propoxy group, a butoxy group, or a pentoxy group. In an embodiment, each non-
hydrogen substituent grovp which can be utilized as a non-hydrogen sebstituent group of the pyrrole
compound having Stroctare P1, P2, P3, P4, and/or PS5 independently can be a methoxy group, an
ethoxy group, a n-propoxy group, an ISo-propoxy group, an n-butoxy group, an iso-butoxy group, a
tert-butoxy group, an n-pentoxy group, an neo-pentoxy group, an n-hexoxy group, an n-heptoxy
grovup, an n-octoxy group; or alternatively, a methoxy group, an ethoxy group, a n-propoxy group, an
iso-propoxy group, an n-butoxy group, an iso-butoxy group, a tert-butoxy group, an n-pentoxy group,
or an nee-pentoxy group. in an crubodiment, cach non-hydrogen substituent group which can be
utilized as a non-hydrogen substituent group of the pyrrole compound having Structure P1, P2, P3,
P4, and/or PS independently can be a methoxy group; aliematively, an ethoxy group; alternatively, a
n-propoxy grovp; alternatively, an iso-propoxy group; aliernatively, an n-butoxy group; alernatively,
an iso-butoxy group; alternatively, a tert-butoxy group; alternatively, an n-pentoxy group;
alternatively, an neo-pentoxy group; alteratively, an n-hexoxy group; aliernatively, an n-heptoxy

growup; or alternatively, an n-octoxy group.

{8149]  In an embodiment, each non-hydrogen substituent group which can be utilized as a non-
hydrogen substituent groap of the pyrrole compound having Structare P1, P2, P3, P4, and/or PS
independently can be an cyclobutoxy group, a substituted cyclobutoxy group, a cyclopentoxy group, a
substituted cyclopentoxy group, a cyclohexoxy group, a substituted cyclohexoxy group, a

cycloheptoxy group, a substituted cycloheptoxy group, a cyclooctoxy group, or a substituted
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cyclooctoxy group. In some embodiments, cach non-hydrogen substituent group which can be
wtilized as a non-hydrogen substituent group of the pyrrole compound having Stracture P1, P2, P3,
P4, and/or PS5 independently can be a cyclopentoxy group, a substituted cyclopentoxy group, a
cyclohexoxy group, or a substituted cyclohexoxy group. In other embediments, cach non-hydrogen
substitaent group which can be wtibized as a non-hydrogen substitaent group of the pyrrole compound
having Structure P1, P2, P3, P4, and/or P35 independently can be a cyclobutoxy group or a substituted
cyelobutoxy group; alternatively, a cyclopentoxy group or a substituted cyclopentoxy group;
alternatively, & cyclohexoxy group or a substituted cyclohexoxy group; altematively, a cyveleheptoxy
group or a substinsted cycloheptoxy group; or alternatively, a eyclooctoxy group or a substinste
cyclooctoxy group. In further embodiments, each non-hydrogen substituent group which can be
wtilized as a non-hydrogen substituent group of the pyrrole compound having Strocture P1, P2, P3,
P4, and/or PS independently can be a cyclopentoxy group; alternatively, a substituted cyclopentoxy
group; alternatively, a cyclohexoxy group; or alternatively, a substituted cyelohexoxy group.
Substituents which can be utilized for the substituted cycloalkoxy groups are independently disclosed
hergin and can be utilized without limitation to further describe the substituted cycloalkoxy group
which can be utilized as a non-hydrogen substituent group of the pyrrole compoeund having Structure

P, P2, P3, P4, and/or P5.

{8158]  In an aspect, each non-hydrogen substituent group which can be utilized as a non-hydrogen
substituent group of the pyrrole compound having Structure P, P2, P3, P4, and/or P5 independently
can be a phenoxy group or a substituted phenoxy group: or alicrnatively, a phenoxy group. Inan
embodiment, the substituted phenoxy group which can be utilized as a non-hydrogen substituent
group of the pyrrole compound having Structure P1, P2, P3, P4, and/or P5 independently can be a 2-
substituted phenoxy group, a 4-substituted phenoxy group, a 2,4-substituted phenoxy group, a 2,6-
disubstituted phenoxy group, or a 2,4,6-trisubstituted phenoxy group: alternatively, a 2-substituted
phenoxy group or a 4-substituted phenoxy group; alternatively, a 2 4-substituted phenoxy group ora
2. 6-disubstituted phenoxy group; a 2-substituted phenoxy group; alternatively, a 4-substituted
phenoxy group; alternatively, a 2, 4-substituted phenoxy group; alternatively, a 2,6-disubstituted
phenoxy group; or alternatively, a 2.4, 6-trisubstituted phenoxy group. Substituents which can be
utilized for the substituted cycloalkoxy groups are independently disclosed herein and can be utilized
without limitation to further describe the substituted phenoxy group which can be utilized as a non-

hydrogen substituent group of the pyrrole compound having Structare P1, P2, P3, P4, and/or PS.

[8181]  fn an aspect, cach non-hydrogen substituent group which can be utilized as a non-hydrogen
substitaent group of the pyrrole compound having Stracture P1, P2, P3, P4, and/or PS independently
can be a benzoxy group or a substituted benzoxy group; alternatively a sobstituted benzoxy group. In
an embodiment, the substituted benzoxy group which can be wiihized as a non-hydrogen substituent

group of the pyrrole compound having Strocture P, P2, P3, P4, and/or PS5 independently can be a 2-
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substituted benzoxy group, a 4-substituted benzoxy group, a 2,4-substitated benzoxy group, a 2,6+
disubstituted benzoxy group, or 3 2,4,6-trisubstituted benzoxy group: slternatively, a 2-substituted
henzoxy group or a 4-substituted benzoxy group; alternatively, a 2,4-substituted benzoxy group or a
2,6-disubstituted benzoxy group; a 2-substituted benzoxy group; alternatively, a 4-substitute
benzoxy group; alternatively, a 2.4-sobstituted benzoxy grovp; alternatively, a 2,6-disubstituied
benzoxy group; or alternatively, a 2,4,6-trisubstituted benzoxy group. Substituents which can be
utilized for the substituted cycloalkoxy groups are independently disclosed herein and can be utilized
without lnttation to further describe the substitined benzoxy group which can be utilized as a non-

hydrogen substituent group of the pyrrole compound having Structure P, P2, P3, P4, and/or P5.

[#152]  In a non-limiting embodiment, cach neutral Hgand{(s) of any transition metal complex
{(general or specific) or transition metal precursor (general or specific) described herein, independently
can be, comprise, or consist essentially of, pyrrole, 2,5-dimethylpyrrole, 2-methyl-S-ethylpyrrole, 2,5-
dicthylpyrrrole, 2-ethyl-5-n-propyipyrrole, 2,5-di-n-propylpyrroele, 2,5-ditsopropylpyrrole, 2,5-di-n-
butylpyrrole, 2,5-di-n-pentylpyrrole, 2,5-di-n-hexylpyrrole, 2,5-di-n-heptylpyrrole, 2,5-di-n-
octylpyrrole, 2-methyi-d-isopropyipyrmole, 2-ethyl-4-isopropylpyrrole, Z-methyl-4-sec-butylpyrrole,
2-gthyl-4-sec-butylpyrrole, 2-methyl-4-isobutylpyrrole, Z2-ethyl-4-isobutylpyrrole, 2-methyi-4-t-
butylpyrrole, 2-cthyl-4-t-butylpyrrole, 2-methyl-4-neo-pentylpyirole, 2-cthyl-4-ncopentylpyirole, 3.4-
diisopropylpyrrole, 3,4-di-sec-butyipyrrole, 3,4-ditsobutylpyrole, 3,4-di-t-butylpyrrole, 3,4-di-neo-
pentylpropylpyrrole, 2,3,5-tricthylpyrrrole, 2.3, 5-tri-n-butylpyrrele, 2.3, 5-tri-n-pentylpyrrole, 2,3,5-
tri-n-hexylipyrrole, 2,3,5-tri-n-heptyipyrrole, 2,3, 5-tri-n-octylpyrrole, 2,3,4,5-tetracthylpyrrole,

2,3.4 5-tetra-n-butylpyrrole, 2,3.4,5-tetra-n-hexyipyrrole, 2,5-dibenzylpyrrole, 2 4-dimethylpyrrole, 2-
methyl-4-isopropylpyrrole, 2.4-dimethyl-3-cthylpyrrole, 2,4-diethylpyrrole, 2-cthyl-4-
isopropylpyrrole, 2-methyl-4-see-butylpyrrole, 2-cthyl-4-sec-butylpyrrole, 2-methyl-4-
isobutylpyrrole, 2-ethyl-4-ischutylpyrrole, Z-methyk-4-t-butylpyrrole, 2-cthyl-4-t-butyipyrrole, 2-
methyi-4-neopendylpyrrole, 2-cthyl-4-neopentylpyrrole, 3,4-dimethylpyrrole, 3,4-diethylpyrrole, 3,4-
diisopropyipyrrole, 3,4-di-see-butyipyrrele, 3,4-ditsobutylpyrrole, 3,4-di-t-butylpyrrole, 3,4-di-
neopentyipyvirole, or any combination thereof.  n other non-timiting embodiments, each neutral
ligand(s) of any transttion metal complex (general or specific) or transition metal precursor (genceral
or specific} described herein, independently can be, comprise, or consist essentially of pyrrole, 2.5-
dimethylpyrrole, 2-methyi-3-ethylpyrrole, 2,5-dicthylpyrrrole, 2,5-di-n-propylpyrele, 2,5-di-n-
butylpyrrole, 2,5-di-n-pentylpyrrole, 2,5-di-n-hexylpyrrole, 2 S-di-n-heptylpyrrole, 2,5-di-n-
octylpyrrole, or any combination thercof; alicrnatively, pyrrole; aliernatively, 2.5-dimethylpyrrole,
aliernatively, Z-methyl-3-ethylpyrrole; alternatively, 2,5-dicthyipyrrrole; alternatively, 2,5-di-n-
propylpyrrele; alternatively, 2.5-di-n-butyipyrrole; alternatively, 2,5-di-n-pentyipyrrole; alternatively,

2 5-n-hexyipyrrole; alternatively, 2,5-di-n-heptylpyrrole; or alternatively, 2,5-di-n-octylpyrrole.
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[#153]  In a non-limiting embodiment each neutral Bgand(s) of any transition metal complex
{(general or specific) or transition metal precursor (general or specific) described herein, independently
can be, comprise, or consist essentially of, pyrrole, 2,5-bis(27,2", 2 -trifluorocthy pyirole, 2,5-bis(2-
methoxymethyDpyrrole, pyrrole-2-carboxvlic acid, 2-acetylpyrrole, pymrole-2-carboxaldehyde, 3-
acetyl-2 4-dimethylpyrrole, ethyl-2 4-dimethyl-5-{ethoxycarbonyl-3-pyrrole-proprionate, cthylk3,5
dimethyi-2-pyrrolecarboxylate, 3,4-dichloropyrrole, 2,3,4,5-tetrachloropyrrole, or any combination
thercof. In other non-limiting cmbodiments, cach neutral Higand(s) of any transition metal complex
{general or specific) or travsition metal precursor (general or specific) described herein, independently
can be, comprise, or consist essentially of, pyrrole, pyrrole-Z-carboxylic acid, Z-acetylpyrrole,
pyrrole-2-carboxaldehyde, 3-acetyl-2 4-dimethyipyrrole, ethyl-2,4-dimethyl-S-(ethoxycarbony)-3-
pyrrole-proprionate, or ethyl-3,5-dimethyl-2-pyrrolecarboxylate, or any combination thereof]
alternatively, 3 4-dichkloropyrrole, 2,3,4,5-tetrachloropyrrole, or any combination thereof, Tn yet other
non-limiting embodiments, cach neutral Hgand(s) of any transition metal complex {general or
specific} or transition metal precursor {general or specific) described herein, independently can be 2,5-
bis(2°,2°,2 -trifluorocthyDpyrrole; alternatively, 2,5-bis{2 -methoxymethylpyirole; aliernatively,
pyrrole-Z-carboxylic acid; alternatively, 2-acetylpyrrole; alternatively, pyrrole-2-carboxaldehyde;
alternatively, 3-acetyl-2 4-dimethylpyrrole; alternatively, ethyl-2,4-dimethyl-S-(ethoxycarbonyh)-3-
pyrrole-proprionate; alternatively, ethyl-3 S-dimethyl-Z-pyrrolecarboxylate; alternatively, 3 4-

dichioropyrrole; or altermatively, 2,3,4,5tetrachloropyrrole.

{8#154] o an cmbodiment, any phosphine and/or acyclic phosphine (substituted or unsubstituted),
which can be utilized as the neutral ligand, can be, comprise, or consist essentially of, a C5-Cyo
phosphine and/or acyelic phosphine; alternatively, a Ci-Cys phosphine and/or acyche phosphine;
aliernatively, a Cys-Cyp phosphine and/or acyclc phosphine; alternatively, a C;3-Cy phosphine and/or
acyclic phosphine; or slternatively, a C5-Cyq phosphine and/or acyclic phosphine. Tn an cmbodiment,
any cyclic phosphine (substituted or unsubstituted, and/or aliphatic or arcmatic), which can be wilized
as the neutral ligand, can be, comprise, or consist essentially of, a Cy-Cgo cyelic phosphing;
alternatively, a C4-Cys cyclic phosphine; alternatively, a Cy-Cag cyclic phosphine; alternatively, a Co-

Cao cyclic phosphine; or alternatively, a Cu-Cys eyclic phosphine.

[8155]  In an aspect of this disclosure, cach neutral ligand(s) of any transition metal complex
{(general or specific) or transition metal precursor (general or specific) described hercin, independently
can be, comprise, or consist essentially of, a bydrocarbyiphosphine, a substiuted hydrocarbyl
phosphine, a dihydrocarbylphosphine, a substituted dihydrocarbylphosphine, a
trihydrocarbylphosphine, 8 substituted trihydrocarbylphosphine, any combination thereof, a
hydrocarbylphosphine, a diltydrocarbylphosphine, a trihydrocarbylphosphine, or any combination
thereof, alternatively, a hydrocarbyiphosphine or a substituied hydrocarbylphosphine; alternatively, a

dihydrocarbylphosphine or a substituted dihyvdrocarbylphosphine; alternatively, a
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trihydrocarbylphosphine or a substituted trihydrocarbylphosphine; alternatively, a
hydrocarbylphosphine; alterpatively, a substituted hydrocarbylphosphine: alterpatively, a
dibydrocarbylphosphine; aliernatively, a substituted dihydrocarbylphosphine; alternatively, a
rhyvdrocarbviphosphine; or alternatively, a substituted trihydrocarbylphosphine. Hydrocarbyl groups
{substituted or substituted) are generally disclosed within the present disclosare (e.g. as a sclection for
R”, for the monocarboxylate having the formula "0,CR™ and/or as a selection for RY, RY, RY, RY, R,
RERRE R R RY RY R, or RY among other places). The aspects and embodiments of these
hyvdrocarbyl groups described herein (etther explicitly specified or implicitly recognized by those
skilled in the art), can be utilized without Hmitation as the hydrocarbyl groups of the
hydrocarbylphosphines (substituted or unsubstituted), dihydrocarbylphosphines (substituted or
unsubstituted), and/or trihydrocarbylphosphines (substituted or unsubstituted) which can be utilized as

the neutral ligand.

19156] v a non-limiting embodiment, each neutral ligand(s} of any transition metal complex
{general or specitic) or transition metal precursor {general or specific) deseribed herein, independently
can be, comprise, or consist essentially of, trimethylphosphine, tricthylphosphine, tripropylphosphine,
ributylphosphine, or any combination thereof. In another non-limiting embodiment, cach newtral
ligand(s} of any transition metal complex (general or specific) or transition metal precursor (general
or specific) described herein, independently can be, comprise, or consist essentially of,
trimethyiphosphine, tricthylphosphine, tripropylphosphine, tributylphosphine, or any combination
thereof; alternatively, trimethylphosphine; alternatively, tricthyiphosphine; alternatively,

tripropylphosphine; or alternatively, tributylphosphine.

91571 In a non-limiting embodiment, each neutral ligand(s} of any transition metal complex
{general or specitic) or transition metal precursor {general or specific) deseribed herein, independently
can be, comprise, or consist essentially of, phenylphosphine, a substituted phenylphosphine,
diphenylphosphine, a di{substituted phenyliphosphine, triphenylphosphine, a fri{trisubstituted
phenyiiphosphine, or any combination thereof; aliernatively, phenylphosphine, a substituted
phenyiphosphine, or any combination thereof] alicrmatively, diphenyiphosphine, a di(substituted
phenyhphosphine, or any combination thereof, or alternatively, triphenyviphosphine, a tri(trisubstituted
phenyDphosphine, or any combination thereof. In a non-Hmiting embodiment, cach neutral ligand(s)
of any transition metal complex {(general or specific) or transition metal precursor {gencral or specific)
described berein, independently can be, comprise, or consist essentially of, phenyiphosphing;
alternatively, a substituted phenylphosphine; alternatively, diphenviphosphine; alternatively, a
di{substituted phenylphosphine; alternatively, triphenylphosphine; or alternatively, a tri{substitated

phenyiiphosphine.

{8158] General substituents (also referred to as non-hydrogen substituents or non-hydrogen

substituent groups) are independently disclosed herein. These substituent groups can be utilized
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without Himitation to further describe any substituied phosphine, substituted acyelic phosphine,
substituted cyclic phosphine (acyclic or cyclic), substituted phenylphosphine, di{substituted

pheayhphosphine, and/or wi(substituted phenylphosphine which can be utitized as the neutral Higand.

9159 In some non-limiting embodiments, cach neutral ligand(s) of any transition metal complex
{general or specitic) or transition metal precursor {general or specific) deseribed herein, independently
can be, comprise, or consist essentially of, phenylphosphing, tolylphosphine, diphenylphosphine,
ditolyiphosphine, triphenyiphosphine, tritolyiphosphine, methyldiphenyiphosphine,
dimethyiphenyiphosphine, ethyldiphenylphosphine, dicthylpheny! phosphine, or any combination
thercof. In other non-limiting cmbodiments cach neutral Hgand(s) of any transition metal complex
(general or specific) or transition metal precursor (general or specific) described herein, independently
can be, comprise, or consist essentially of, phenyiphosphing; alternatively, diphenylphosphine;
alternatively, triphenylphosphine; alternatively, tolylphosphine; aliernatively, ditolylphosphine;
alternatively, tritolylphosphine; altermatively, methyldipbenyiphosphine; altermatively, dimethyl-

phenyiphosphine; alternatively, ethyldiphenylphosphine; or alternatively, dicthyiphenylphosphine.

{8168]  In an embodiment, any phosphite and/or acyclic phosphite (substituted or unsubstituted),

which can be utilized as the neutral ligand, can be, comprise, or consist essentially of, a Co-Cg

alternatively, a C3-Cye phosphite and/or acyelic phosphite; alternatively, a Co-Cyo phosphite and/or
acyclic phosphite; or alternatively, a Ci-Cy phosphite and/or acychic phosphite. In an embodiment,
any cyclic phosphite (substituted or unsubstituted, and/or aliphatic or aromatic), which can be utilized
as the neutral ligand, can be, comprise, or consist essentially of, a C5-Cyg cyclic phosphite;
alternatively, a C4-Cys cychic phosphite; alternatively, a Ci-Csg cyclic phosphite; alternatively, a Cy-

Chg cychic phosphite; or alternatively, a Cy-Cy5 cyelic phosphite.

[8161]  According to an aspect of this disclosure, each neutral ligand(s) of any transition metal
complex {general or specific) or transition metal precursor {general or specific} deseribed herein,
independently can be, comprise, or consist essentially of, a dihydrocarbylphosphite, a substituted
dihydrocarbylphosphite, a trihydrocarbyiphosphite, a substituted trihydrocarbylphosphite, or any
combination thercef, alternatively, a dihydrocarbyiphosphite, a  trihydrocarbylphosphite, or any
combination thereof; a dihydrocarbylphosphite or a substituted dibydrocarbylphosphite; alternatively,
a trihydrocarbylphosphite or a substituted trihydrocarbylphosphite; alternatively, a
dihydrocarbylphosphite; alicrnatively, a substituted dihydrocarbylphosphite; alternatively, a trihydro-
carbviphosphite; or alternatively, a substituted trihydrocarbyiphosphite. Hydrocarbyl groups
(substituted or substituted) are generally disclosed within the present disclosure {¢.g. as a selection for
R, for the monocarboxylate having the formula "0,CR* and/or as a selection for R, R, R, R, R,
RERRE R R RY,RY RY, or RY, among other places). These hydrocarbyt groups described

herein (either explicitly specified or implicitly recognized by those skilled o the art), can be utilized
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without limitation as the hydrocarbyl groups of the dihydrocarbylphosphite (substituted or
unsubstituted) and/or trihydrocarbyiphosphites (substituted or unsubstituted) which can be utilized as

the neutral ligand.

19162] o a non-limiting embodiment, each neutral ligand(s} of any transition metal complex
{general or specitic) or transition metal precursor {general or specific) deseribed herein, independently
can be, comprise, or consist essentially of, trimethylphosphite, tricthyiphosphite, tripropyiphosphite,
ributylphosphite, methyidiphenyiphosphite, dimethylphenyiphosphite, ethyldiphenylphosphite,
digthylphenyliphosphite, diphenylphosphite, triphenylphosphite, ditolylphosphite, tritolylphosphite, or
any combination thereof. In another non-Hmiting embodiment, cach neutral ligand(s) of any
transition metal complex (general or specific) or transition metal precursor (general or specific)
described herein, independently can be, comprise, or consist essentially of, trimethylphosphite,

tricthyiphosphite, tripropylphosphite, tributylphosphite, or any combination thereof.

{8#163] In a non-limiting embodiment, cach neuiral ligand(s) of any transition metal complex
{general or specific) or transition metal precursor (general or specific) deseribed herein, independently
can be, comprise, or consist essentially of, diphenviphosphite, a di{substituted phenylphosphite,
triphenylphosphite, a tri(substituted phenyliphosphite, or any combination thereof; alternatively,
diphenyiphosphite, triphenylphosphiie, or any combination thereof. In other non-limiting
cmbodiments, each neutral ligand(s) of any transition metal complex (general or specific) or transition
metal precursor {general or specific) described herein, independently can be, comprise, or consist
essentially of, diphenyviphosphite; alternatively, a di{substituted phenylphosphite; alicrnatively, a

triphenylphosphite; or alternatively, a tri{substituted phenyDphosphite.

18#164] Goneral substituents (also reforred to as non-hydrogen substituents or non-hydrogen
substituent groups) are fndependently disclosed herein. These substituent groups can be utilized
without hnutation to further describe any substituted phosphite, substituted acyclic phosphite, and/or
substitoted cyclic phosphite, di{sobstituted phenyl) phosphites, and/or tri{substituted phenyl)

phosphites which can be utilized as the neutral Hgand.

8168]  In another non-hmiting embodiment, cach neutral ligand(s) of any transition metal complex
{general or specific) or transition metal precursor {general or specific) described herein, independently
can be, comprise, or consist cssentially of, methyldiphenylphosphite, dimethylphenylphosphite,
ethyldiphenylphosphite, dicthylphenylphosphite, or any combination thereof; alternatively,
diphenyiphosphite, triphenylphosphite, ditolylphosphite, tritolyiphosphite, or any combination
thereof; alternatively, triphenylphosphite, iritolylphosphite, or any combination thereof. Inyet
another nou-limiting embodiment, cach neutral ligand(s) of any transition metal complex (general or
specific} or transition metal precursor (general or specific) described herein, independently can be,

comprise, or consist essentially of, dimethylphenyiphosphite; akiernatively, ethyldiphenylphosphite;



21pERIPOT
WO 2013/089963 58 PCT/US2012/065289

alternatively, diethylphenylphosphite; akernatively, diphenylphosphite; alternatively,

triphenylphosphite; alternatively, ditolyiphosphite; or alternatively, tritolylphosphite.

18#166] According to an aspect of this disclosure, cach neutral ligand(s) of any iransition metal
complex {general or specific) or transition metal precursor {general or specific) described herein,
mdependently can be, comprise, or consist essentially of, a substituted or unsubstituted azetidine,
oxetane, thictane, dioxetane, dithietane, tetrahydropyrrele, dihydropyrrole, pyrrole, indole, isoindole,
tetrahydrofuran, dihydrofuran, furan, benzofuran, ischenzofuran, tetrahydrothiophene,
dihydrothiophene, thiophene, benzothiophene, isobenzothiophene, imidazoliding, pyrazole, imidazole,
oxazolidine, oxazole, isoxazole, thiazolidine, thiazole, isothiazole, benzothiazole, dioxolane,
dithiolane, triazole, dithiazole, piperidine, pyridine, tetrahydropyran, dihydropyran, pyran, thiane,
piperarine, diazine, oxarine, thiazine, dithiane, dioxane, dioxin, triazing, trigrinane, rioxane, oxepin,
areping, thiepin, diazepine, morpholine, quinoline, tetrahydroquinone, bicyclo[3.3.1 tetrasiloxane, or
any combination thereof; alternatively, a substituted or unsubstituted azetidine, oxetane, thictane,
dioxetane, dithictane, tetrahydropyrrole, tetrahydroturan, tetrahydrothiophene, imidazolidine,
oxazolidine, oxarole, thiazolidine, thiszole, dioxolane, dithiolane, piperidine, tetrahydropyran, pyran,
thiane, piperazine, oxarine, thiszine, dithiane, dioxane, dioxin, iriazinane, trioxane, azepine, thiepin,
diazepine, morpholine, 1,2-thiazole, bicyclof3.3.1 Jtetrastloxane, or any combination thereof;
alternatively, a substituted or unsubstituted tetrahydropyrrole, tetrahydrofuran, tetrahydrothiophene,
oxazolidine, thiazoliding, dioxolane, dithiolane, dithiazole, piperidine, tetrabydropyran, pyran, thiane,
piperazine, dithiane, dioxane, dioxin, trioxane, morpholine, or any combination thereof] alternatively,
a substituted or unsubstituted tetrahydrofuran, tetrahydrothiophene, dioxolane, dithiolane,
tetrahydropyran, pyran, thiane, dithiane, dioxane, dioxin, trioxane, or any combination thereof;
aliernatively, tetrahydroforan, dioxolane, tetrahydropyran, dioxane, trioxane; or any combination
thereof; alternatively, a substituted or unsubstituted pyrrole, furan, pyrazole, imidarole, oxazole,
isoxarole, thiazole, isothiazole, triazole, pyridine, diazine, triazine, quinoline, or combinations
thereof, altornatively, a substituted or unsubstituted pyrrole, furan, imidazole, oxazols, thiazole,
triazole, pyridine, diazine, tnazine, or combinations thereof; aliernatively, furan, oxazole, thiazole,

triazole, pyridine, diazing, tnazine, or combinations thereof,

[8167]  According to an aspect of this disclosure, cach noutral ligand(s) of any transition metal
complex {(gencral or specific) or transition metal precursor {general or specific) described herein,
ndependently can be, comprise, or consist cssentially of, azetidine, oxctane, thictane, diexctane,
dithietane, tetrahydropyrrole, dihydropyrrole, pyrrole, indole, isoindole, tetrabydrofiman,
dikydrofuran, furan, benzofuran, isobenzofiran, tetrahydrothiophene, dihvdrothiophene, thiophene,
benzothiophene, isobenzothiophene, imidarclidine, pyrazole, imidarcle, oxazolidine, oxazole,
isoxarole, thiazolidine, thiazole, isothiazole, benzothiazole, dioxolane, dithiolane, triazole, dithiazole,

piperidine, pyridine, tetrahydvopyran, dihydropyran, pyran, thiane, piperazine, diazine, oxazine,
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thiazine, dithiane, dioxane, dloxin, triazine, triavinane, trioxane, oxepin, azeping, thiepin, diazeping,
morpholine, quinoline, tetrahydroquinone, bicyclo[3.3.1 Jtetrasiloxane, or any combination thereof:
alternatively, azetidine, oxetane, thictane, dioxetane, dithictane, tetrahydropyrrole, tefrabydrofuran,
tetrahydrothiophene, imidazolidine, oxazolidineg, oxazole, thiazohidine, thiazole, diexolane, dithiolane,
piperidine, tetrahydropyran, pyran, thiane, piperazine, oxazine, thiazine, dithiane, dioxane, dioxin,
friazinane, trioxane, azepine, thiepin, diazepine, morpholine, 1,2-thiazole, bicycle[3.3.1 tetrasiloxane,
ot any combination thercof, alternatively, tetrabydropyrrole, tetrabydrofuran, tetrahydrothiophene,
oxazolidine, thiazolidine, dioxolane, dithiolane, dithiazole, piperiding, tetrahydropyran, pyran, thiane,
piperazine, dithiane, dioxane, dioxin, trioxane, morpholine, or any combination thereof; alternatively,
tetrahy drothiophene, dioxolane, dithiclane, tetrahydropyran, pyran, thiane, dithiane, dioxane, dioxin,
trioxane, or any combination thercof; slternatively, teirabhydrofuran, dioxolane, tetrabhydropyran,
dioxane, trioxane; or sny combination thercof; alternatively, pyrrele, furan, pyrazole, imidazole,
oxazole, isoxazole, thiazole, sothiazole, triazole, pyridine, diazine, triazine, quincline, or
combinations thereof, alternatively, pyrrole, furan, imidazole, oxazole, thiazole, triazole, pyridine,
diarine, triazine, or combinations thereof; alternatively, furan, oxazole, thiazole, triazole, pyridine,

diazine, triazine, or combinations thereof

18168]  According to an aspect of this disclosure, cach neutral igand(s) of any transition metal
complex {gencral or specific} or transition metal precursor {general or specific) described herein,
independently can be, comprise, or consist essentially of, a sobstituted or unsubstituted aretidine,
tetrahydropyrrole, dibydropyirole, pyrrole, indole, iscindole, imidazolidine, pyrazole, imidazole,
oxazolidine, oxazole, isoxazole, thiazolidine, thiazole, isothiazole, triazole, benzotriazole, dithiazole,
piperidine, pyridine, piperazine, diarine, oxazine, thiazine, triazine, azepine, diazepine, morpholine,
quinoline, tetrahydroisoquinoline, or any combination thereof, alternatively, a substitoted or
unsubstituted tetrahydropyrrole, pyrrole, indole, isoindole, imidazoliding, imidarole, oxazoliding,
oxazole, thiazoliding, thiazole, piperidine, pyriding, piperazing, diazine, triazine, morpholine,
guinoling, tetrahydroisoquinoline, or any combination thercot) alternatively, a substituted or
vnsubstituted tetrahydropyrrole, pyrrole, 1soindele, imidazole, oxazolidine, oxazole, thiazolidine,
thiazole, piperidine, pyridine, piperazine, diazine, triazine, morpholine, quinoline, or any combination
thereof; alternatively, a substituted or unsubstituted tetrahydropyrrole, pyrrole, imidazole, oxazole,
thiazole, piperiding, pyridine, piperazine, diazine, triazine, morpholine, guinoling, or any combination
thereof] alternatively, a substituted or ansubstituted tetrahydropyrrole, pyrrole, piperidine, piperazing,
morpholine, quinckine, or any combination thereof; or alternatively, a substituted or vnsubstituied
imidarole, oxazole, thiazole, pyridine, diazine, triavine, or any combination thergef. In some
cmbodiments, each neutral ligand(s) of any transition metal complex (general or specific) or transition
metal precursor {general or specificy described herein, independently can be, comprise, or consist

essentially of, azetidine, tetrahydropyrrole, dibydropyrrole, pyrrole, indole, isoindole, imidazolidine,
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pyrazele, imidazole, oxarelidine, oxazole, isoxazgle, thiavolidine, thiazole, isothiazele, triazole,
benzotriazole, dithiazole, piperidine, pyridine, piperazine, diazine, oxazine, thiazine, triazine, azeping,
diazepine, morpholine, quinoline, tetrahydroisequineline, or any combination thereof; alternatively,
tetrahydropyrrele, pyrrole, indole, isoindole, imidazohidine, imidazole, oxazohidine, oxazole,
thiazolidine, thiazole, piperidine, pyridine, piperazine, diazine, triazine, morpholine, quinoline,
tetrahydroisoquineline, or any combination thereof; alternatively, tetrahydropyrrole, pyrrole,
isoindole, imidazole, oxazolidine, oxazole, thiazolidine, thiazole, piperidine, pyridine, piperazine,
diazing, triazine, morpholing, quinoline, or any combination thercof, alternatively, tetmahydropyrrole,
pyrrele, imidazole, oxazole, thiazole, piperiding, pyridine, piperazine, diazine, triazine, morpholine,
guinoline, or any combination thereof, alternatively, tetrahydropyrrole, pyrrole, piperidine, piperazine,
morpholine, quinoline, or any combination thercof; or alternatively, tmidazole, oxazole, thiazole,

nyridine, diazine, triazine, or any combination thereof
R 9 » ’ »;

19169]  According to an aspect of this disclosure, cach neutral ligand(s) of any transition metal
complex {general or specific) or transition metal precursor {(general or specific) deseribed herein,
independently can be, comprise, or consist essentially of, a substituted or umsubstituted oxetane,
dioxetane, tetrahydrofuran, dihydroturan, furan, benzofuran, isobenzofuran, oxazoliding, oxazole,
isoxarole, dioxolane, tetralydropyran, dibydropyran, pyran, oxazine, dioxane, dioxin, frioxane,

gxepin, morpholine, or bicyelo[3.3. 1 etrasiloxane, or any combination thereof; shernatively, a
substituted or gnsubstituted oxetane, dioxetane, tetrahydrofuran, furan, isobenzofuran, oxazoliding,
oxazole, dioxolane, tetrabydropyran, pyran, dioxane, dioxin, trioxane, morpholine, or any
combination thereof) ahlternatively, a substituted or unsubstituted tetrahydrofuran, oxazole, dioxolane,
tetrahydropyran, dioxane, dioxin, trioxane, or any combination thereof; or alternatively, a substituted
or unsubstituted tetrahydrofuran, dioxolane, tetrahydropyran, dioxane, frioxane, or any combination
thereof. In some embodiments, each neutral ligand(s) of any transition metal complex (general or
specific) or transition metal precurser (general or specific) described hercin, independenily can be,
comprise, or consist essentially of, oxetane, dioxetane, tetrahydrofuran, dihydrofuran, furan,
benzoturan, isobenzofuran, oxazolidine, oxazole, isoxarole, dioxolane, tetrahydropyran,
dihydropyran, pyran, oxazine, dioxane, dioxin, trioxane, oxepin, morpholine, or bicyclo[3.3. 1 ietra-
sifoxane, or any combination thereof, alterpatively, oxetane, dioxetane, tetrahydrofuran, furan,
1sobenzofuran, oxazoliding, oxazole, diexolane, tetrahydropyran, pyran, dioxane, dioxin, trioxane,
morpholine, or any combination thereof; alternatively, tetrahydrofiran, oxazole, dioxolane,
tetrahydropyran, dioxane, dioxin, trioxane, or any combination thereof; or alicrnatively,
tetrahiydrofuran, dioxolane, tetrahydropyran, dioxane, trioxane, or any combination thercof

18178] According to an aspect of this disclosure, cach neutral ligand(s) of any transition metal
complex {gencral or specific) or transition metal precursor {general or specific) described herein,

mdependently can be, comprise, or consist essentially of, a substituted or unsubstituted thietane,
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dithictane, tetrahydrothiophene, dihydrothiophene, thiophene, benzothiophene, isobenzothiophene,
thiarolidine, thiazole, isothiazole, dithiclang, dithiazole, thiane, thiazine, dithiane, thiepin, or any
combination thereof! alternatively, a substituted or unsubstituted thictane, dithictane,
tetrahydrothiophene, thiophene, isobenzothiophene, thiazolidine, thiazole, dithiolane, thiane, dithiane,
or any combination thereof; or alternatively, a substitated or unsubstituted tetrahydrothiophene,
dithiolane, thiane, dithiane, or any combination thereof. In some embodiments, cach coordinating
compound independently can be, comprise, or consist essentially of, a substituted or unsubstituted
substituted or unsubstituted, thictane, dithictane, tetrahydrothiophene, dibydrothiophene, thiophene,
benzothiophene, isobenzothiophene, thiazolidine, thiazole, 1sothiazole, dithiclane, dithiarole, thiane,
thiazine, dithiane, thiepin, or any combination thereof; alternatively, thietane, dithictane,
tetrahydrothiophbene, thiophene, isobenzothiophene, thiazolidine, thiazole, dithiolane, thiane, dithiane,
or any combination thereof, or alternatively, tetrahydrothiophene, dithiolane, thiane, dithiane, or any

combination thereof.

8171] o some embodiments, cach neutral ligand(s) of any transition metal complex {general or
specific} or transition metal precursor (general or specific} described herein, independently can be,
comprise, or consist essentially of, azetidine; alternatively, oxetane; alternatively, thictane;
alternatively, dioxetane; alternatively, dithictane; alternatively, tetrahydropyrrole; alternatively,
dihydropyrrole, alternatively, pyrrole; alternatively, indole; alternatively, isoindole; alternatively,
tetrahy droforan; alternatively, dihyvdropyrrole; alternatively, furan; alternatively, benzofuran;
alternatively, isobenzofuran; alternatively, tetrahydrothiophene; alternatively, dihydrothiophene;
alternatively, thiophene; alternatively, benzothiophene; aliematively, isobenzothiophene;
alternatively, imudazolidine; alternatively, pyrarole; alternatively, imidarole; alternatively,
oxazolidine; alternatively, oxazole; alternatively, isoxarzole; alternatively, thiazohdine; aliernatively,
thiazole; alternatively, benzothiarcle; alternatively, isothiazole; aliernatively, dioxolane; aliernatively,
dithiclane; aliernatively, trinzole; alternatively, dithiazole; alternatively, piperidinge; alteroatively,
pyridine; aliernatively, tetrahydropyran; alternatively, dilyydropyran; alteroatively, pyran;
alternatively, thiane; alternatively, piperazine; alternatively, diazine; alternatively, oxazine;
aiternatively, thiazing; alternatively, dithiane; alternatively, dioxane; alternatively, dioxin;
alternatively, triazine; alternatively, triazinane; altornatively, trioxane; alterpatively, oxepin;
alternatively, azepine; alternatively, thicpin; aliernatively, diazepine; alternatively, morpholine;

alternatively, quinoling; alternatively, tetrahydroquinone; or alternatively, bicvelo[3.3.1 tetrasiloxane.

i

8172]  According to an aspect of this disclosure, each neutral ligand(s) of any transition metal
complex {general or specific) or transition metal precursor {general or specific} deseribed herein,
independently can be, comprise, or consist essentially of, tetrahydrofuran (THF), furan,
methyhtetrahydrofuran, dibydrofuran, etrahydropyran, 2,3-dihydropyran, 1,3-dioxane, 1,4-dioxane,

morpholine, N-methyimorpholine, acctonitrile, propionitrile, butyronitrile, benzonitrile, pyridine,
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ammonia (NHa), methyl amine (NH Me), ethylamine (NH Ef), dimethylamine (NHMe,},
dicthylamine (NHE1,), trimethylamine {NMe;), tricthylamine (WEt), trimethyphosphine {(PMe;),
tricthylphosphine (PEt), triphenylphosphine (PPhs), tri-n-butyiphosphine (P{u-Bu),), trimethyl-
phosphite (P{OMe),), triethylphosphite (P{OE1);), tn-n-butyiphosphite (P(O-n-Bu);), methyl
isocyanide, n-butyl isocyanide, phenyl isocyanide, SMe,, thiophene, or tetrahydrothiophene (THT).
In some cmbodiments, cach neutral ligand(s) of any transition metal complex {general or specific) or
transition metal precursor {general or specific} described herein, independently can be, comprise, or
consist essentially of, tetrabydrofuran (THF), methyitetrahydroturan, tetrabydropyran, 1,4-dioxane,
acetonitrile, pyridine, ammonia (NH;), trimethylamine (NMe;), triethylamine (NE1s),
trimethyiphosphine (PMes), tricthylphosphine (PEG), triphenylphosphine (PPh;), SMe,, or
tetrahydrothiophene (THT); alternatively, tetrahydrofuran (THF), methylictraliydrofuran,
tetrahydropyran, or 1,4-dioxane; altcrpatively, ammonda (NH3), trimethylamine (NMes), or
tricthylanine (NE}; or alternatively, trimethylphosphine (PMey), triethviphosphine (PEL),
triphenylphosphine (PPhs). In other embodiments, each neutral Hgand(s) of any transition metal
complex {general or specific) or (rapsition metal procursor {(general or specific) described herein,
independently can be, comprise, or consist essentially of) tetrahydrofuran, acetoniirile, pyriding,
ammonia, rimethylamine, trimethylphosphine, or triphenylphosphine; alternatively, tetrahydrofuran,
acetoniirile, pyridine, trimethylamine, trimethylphosphine, or triphenylphosphine; or alternatively,
tetrahydrofuran or acetenitrile. o still other embodiments, cach coordinating compound
ndependently can be tetrabydrofuran (THF); altormatively, tetrahydropyran; altereatively, 1,4-
dioxane; alternatively, acetonitrile; alternatively, pyridine; alternatively, ammonia (NHz);
alternatively, trimethylamine (NMes); alternatively, triethylamine (NEt;); alternatively,
mmethyipbosphine (PMes): alternatively, iricthylphosphine (PEG); alternatively, tripbenylphosphine
{PPh;); alternatively, SMe,; or aliemnatively, tetrahydrothiophene (THT). In yet another embodiment,
each neutral higand(s) of any transition metal complex {general or specific) or transition metal
precursor {general or specific) described herein, independently can be, comprise, or consist essentially
of, tetrahydrofiman, acctonitrile, pyridine, ammonia, trimethylamine, trimethylphosphine, or triphenyl-
phosphine; alternatively, tetrabydrofuran, acctonitrile, pyridine, trimethylamine, trimethyiphosphing,

or triphenylphosphine; or alternatively, tetrahydrofuran or aceionitrile.

19173]  General substituents (also referred to as non-hydrogen substituerds or non-hydrogen
substituent groups) are independently disclosed herein. These substituent groups can be utilized
without Emitation to further describe any azetidine, oxctane, thictane, dioxetane, dithictane,
tetrahydropyrrole, dikydropyrrole, pyrrole, indole, isoindole, tetrabydrofuran, dikydrofuran, furan,
benzofuran, sobenzofuran, tetrahydrothiopheue, dihydrothiophene, thiophene, benzothiophene,

1sobenzothiophene, imidazohdine, pyrazole, imidazole, oxazolidine, oxazole, isoxazole, thiazolidine,

thiazole, isothiazole, benzothiazole, dioxolane, dithiolane, triazole, dithiazole, pipertdine, pyridine,
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tetrahydropyran, dibydropyran, pyran, thiane, piperazine, diazine, oxarine, thiazine, dithiane, dioxane,
dioxin, triazing, triazinane, trioxane, oxepin, azeping, thiepin, diazepine, morpheling, quinoline,
tetrahydroguinone, bicyelo{3.3.1 tetrastloxane, oxetane, and/or dioxetane which can be utilized as the

neutral hgand.

[8174]  In an aspect, the transition metal complex can be a neutral transition metal complex (im
equals 0 and in which case the transttion metal complex is the transition metal precursor), a cationic
fransition metal complex (m is a positive number), or an anionic transition metal conplex {m is a
negative number); altornatively, a neutral transition metal complex; alternatively, a cationic transition
metal complex; or alternatively, an anionic transition metal complex. In an embodimend, the charge,
m, of a cationic transition metal complex can be from 1 to 4; alternatively, 1; alternatively, 2,
afternatively, 3, or alternatively 4. In an embodiment, the charge, m, of an anionic transition metal
complex can be from -1 to -4; altermatively, -1; alternatively, -2, alternatively, -3, or alternatively -4
18#175] The transition metal complex has been described herein as a component of transition metal
precursor (o7 alternatively, as the transition metal precursor). Within these descriptions, the transition
metal complex can have the fornmida ( (MB)y1 L™ (MK LY, (MPLY™, € MB)y]Xxl L. M XL,
(MY, 200", OMPXL)", OMD3 X, or MUK, alternatively, (M) X L™, MK L)", (MPLY™,
((MB) K V7, or (MPEX )™ alternatively (u\/ﬁyixxﬂ,ﬂ mOMPK LT, or (MPL)™; alternatively,
((T\’ig)y},XX;Lg)m or (MPX L™ alternatively, (( MB)y]X“ Y™ or (MK, )™ alternatively, (MB}leX}L!,
MLy, (MP),: X0, or MPX,; alternatively, (M7)y X L or MUX,L,; alternatively (M), X or MPX;
alternatively, (M®)},: X, L™ alternatively, (MPX,,LJ"; altemnatively, (M"L,)”; alternatively,

{ MB)y]Xxi L. alternatively, MPX, L, alternatively, ((i\/EB)y]Xx])m; alternatively, (MPX, )™ alternatively,
(M%), X,1; or altematively, M"X,. Generally, the transition metal (M”), the oxidation state of the
transition metal {x}, the number of transition metals (v 1) the anjonic Hgand (X)), the charge of the
antonic ligand(s} (v),the munber of anionic ligands (x1), the neutral ligand (L}, the mumber of neutral
tigands (£}, and the charge of the trapsttion metal complex have been previously described herein and
the transition metal complex can be described utilizing any compatible combination of these
independently described elements which it the transition metal complex features described herein.
18176]  In an aspect, the number of number of transition metal complex{(es) (g) which can be present
in the transition metal precursor can range from 1 to 3; or alternatively, from 2 to 3. In some
embodiments, the number of transition metal complex{es) {g) which can be present in the transition
metal precursor can be 1; alternatively, 2; or aitemaﬁveiy, 3.

{8177 In a non-himiting embodiment, the transition metal complex can be, comprise, or consist
essentially of, a neutral transition metal(3) complex, a cationic transition metal{Hy complex, or an

anionic transition metal(ll) complex; slematively, a noutral transition metal{{l} complex, a cationic
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transition metal{1l} complex, or an anionic transttion metal(l) complex; alternatively, a neutral
transition metal{1V) complex, a cationic transition metal(1V} comaplex, or an anionic transition
metal{[V) complex. In some non-Hmiting embodiments, the transition metal complex can be,
comprise, or consist essentially of, a neutral transition metal{Il) complex; alternatively, a cationic
transition metal(H) complex; alternatively, an anionic transition metal(Il) complex; akeratively, 2
neutral transition metal{1il} complex; alternatively, a cationic trapsition metal(1ll) complex;
alternatively, an anionic transition metal( 1) complex; aliernatively, a neutral transition metal(fV)
complex; alternatively, a cationic transition metal(1V)y complex; or alternatively, an anionic transition

metal(1V) complex.

[B178]  In a non-himiting embodiment, the transition metal complex can be, comprise, or consist
essentially of, chromiom complex. In an embodiment, the chromium complex can be, comprise, or
consist essentially of, a noutral chromium complex, a cationic chromium complex, or an anionic
chromium complex; alternatively, a neutral chromium complex; alternatively, a cationic chromium
complex; or alternatively, an anionic chromium complex. In some non-limiting embodiments
wherein the transition metal is chronium, the transition metal complex can be, comprise, or consist
cssentially of, a nevtral chromivm{Il} complex, a cationic chromivm(ll) complex, an anionic
chromium(ll) complex, a neutral chromium{ 11l complex, a cationic chromivm{I) complex, or an
anionic chromium{I} complex; a neutral chromium(1l) complex, a cationic chromivm{Il} complex,
or an anionic chromiom{H) complex; or alternatively, a neutral chromitm{IIT} complex, a cationic
chromivm{1I} complex, or an anjonic chromivm(1l) complex. In other non-limiting cmbodimenis
wherein the transition metal is chromium, the transition metal complex can be, comprise, or consist
essentially of, a neutral chromium(Il} complex; alternatively, a catiomie chronuam{IT) complex;
aliernatively, an anionic chromiam (1) complex; alternatively, a neutral chromivam (1) complex;

alternatively, a cationic chromium (I1D) complex; or aliernatively, an anionic chromiom () complex.

i8179) Inanaspect and in any embodiment, the neotral transition metal complex (in which case the
transition metal complex would be the transition metal precursor) can have the formula (’E‘viB).ﬂXX][%
MK, L, (M%), X, or MPX,; alternatively, (M7} XL, or MPX,L,; alternatively, (M),1 X, or M'X,;
aiternatively, (MB}leng; alternatively, M"X,L,; alternatively, (MB)yE X, or alternatively, MUX,.
Generally, the neutral trausition metal complex can be described using any compatible combination of
transition metal (M) described herein, oxidation state of the transition metal (x) described herein,
number of transition metals (v1) described herein, antonic ligand (X) described hevein, charge of the
antonic ligand(s) (v} described herein, mumber of anionic Hgands (x1) described herein, neutral ligand

(1.} deseribed herein, and number of newtral Hgands (7} described hercin.

{81808  Ina non-himiting embodiment, the neutral transition metal complex can be, comprise, or

consist essentially of, a ngotral transition metal halide, a neutral transition metal halide
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hydrocarbylinitrile complex, a neuiral transition metal halide tihydrocarbylamine complex, a neutral
transition metal halide dihydrocarbylether complex, a neuiral fransition metal halide
dibydrocarbylsulfide complex, or a negtral transition metal halide trihydrocarbylphosphine complex.
In some non-Hmiting embodiments, the neutral transition metal complex can be, comprise, or consist
essentially of, a neutral transition metal halide trihydrocarbylamine complex, a neutral transition
metal halide dihydrocarbylether complex, or a neutral transition metal halide dibydrocarbylsulfide
complex. In some non-limiting crubodiments, the neutral transition metal complex can be, comprise,
or consist essentially of, a newtral fransition metal halide aromonta complex, a neutral transition metal
halide tetrahydrofuran complex, or a neutral transition metal halide tetrahydrothiophene complex. n
yet other non-limiting embodiments, the neutral transition metal complex can be, comprise, or consist
essentially of, a neutral transition metal halide; alternatively, a neutral transition metal halide
ammonia complex; aliernatively, a neutral transition metal halide hydrocarbylnitrile complex;
alternatively, a neutral wwansition metal halide trihydrocarbylamine complex; alternatively, a neutral
transition metal halide dihydrocarbylether complex; alternatively, a neutral transition metal hahide
dihydrocarbylsulfide complex; alternatively, a neutral transition metal halide tetrahydrofuran
complex; alternatively, a neutral transition metal balide tetrahydrothiophene complex; or alternatively,
a neutral transition metal halide trihydrocarbylphosphine complex. Generally, the individual elements
of these non-limiting embodiments of the neutral transition metal complex are independently
described berein and can be utilized in any compatible combination to further describe the neutral

transition metal complex.

16181} Transition metals and transition metal oxidation states which can be utilized to describe the
neutral transition metal complexes are independently described herein and can be utilized 1n any
combination to further describe the neutral transition metal complexes which can be utilized in any
aspect or any embodiment disclosed herein. In 8 non-limiting embodiment, the neutral transition
metal complexes which can be utilized in any aspect or any crobodiment disclosed herein can be,
comprise, or consist essentially of, a neutral ttaniom(111) complex, a neutral vanadim(1lD) complex, a
neutral niobim(l1) complex, a neutral chromium(I) complex, a neutral manganese(Iff) complex, or
a neutral ron{1ll) complex having any anionic ligand described herein and any neutral hgand
described herein. In some embodiments, any anionic ligand described herein and any neutral ligand
described berein can be utilized to further describe 2 non-limiting veutral titavium{11]) compiex;
alternatively, a neutral vanadiom{IIl} complex; alternatively, a neutral niobium{1il) complex;
aliernatively, a neutral chromium{II) complex; alternatively, a neotral manganese(1H) complex; or
aliernatively, a neutral iron{Iil) complex. In a non-limiting embodiment, the neutral transition metal
complex can be, comprise, or consist essentially of, & neutral titandum(H1} balide conplex, a neutral
vanadium{1l}} halide complex, a neutral niobiom (1) halide complex, a neutral chromium{I1}

complex, a neutral manganese(I11) halide complex, or a neutral iron(1il) halide complex; alternatively,
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a neutral titaniuon(H1) halide complex; alternatively, a neatral vanadium(IH) halide complex;
alternatively, a noutral niobium(H1) halide complex; alternatively, a neutral chromium{IH} complex;
alternatively, a noutral mangancse(lll} balide conmplex; or aliernatively, a neutral fron{{1Y) halide

complex.

[8182] I anon-limiting embodiment, the transition metal complex which can be utilized m any
aspect or any embodiment deseribed herein can be, comprise, or consist essentially of, 8 neutral
titanium{111) halide, a noutral titaniom{I11} halide hydrocarbylnitrile complex, a newtral titanium(11H
halide triydrocarbylamine complex, a neutral titanium(1ll) halide dihydrocarbyl cther complex, a
neufral titanium{1i) halide dihydrocarbylsulfide complex, a neutral titardom(1il) halide
trihydrocarbyiphosphine complex, a neutral vanadiom{IIT) halide, a neutral vanadiom(Hil) hahde
hydrocarbylnitrile complex, a neuiral vanadimn(I1T) halide trihydrocarbylamine complex, a neutral
vanadivm{ {11} halide dibydrocarbyl cther complex, a neutral vanadiom(i]) halide
dibydrocarbylsulfide complex, a neutral vanadium{Ill} halide tribydrocarbylphosphine conplex, a
neutral niobiom(11) halide, a neutral niobium(I1Y) halide hydrocarbyinitrile complex, a neutral
nickiom(1l) halide tribydrocarbylamine complex, 8 neutral mobium(I} halide dihydrocarbyl cther
complex, a neotral niobiom(I1) halide dibydrocarbylsolfide complex, a noutral niobium(1il) hahde
trihydrocarbyiphoesphine complex, a neutral chromiomd {11} halide, a newtral chromdom(1il) balide
hydrocarbylnitrile coroplex, a neutral chromium(I1) halide trihydrocarbylamine complex, a neutral
chromim{1II} halide dihydrocarbyl ether complex, a neutral chronmium{IH) halide
dihydrocarbylsulfide complex, a neutral chromium(Iil) halide trihydrocarbylphosphine complex, a
neutral manganese(1), a neutral manganese(i1) halide bydrocarbylnitrile complex, a neutral
manganese(H1) halide trihydrocarbylamine complex, a neutral manganese(Il) halide dibydrocarbyl
cther complex, a neotral manganese(Il} halide dihvdrocarbylsalfide complex, a neutral
manganesc(lil) halide trihydrocarbylphosphine complex, a neutral iron {111} halide, a newtral iron(lil)
halide hydrocarbylnitrile complex, a neutral iron(l1f} halide tribydrocarbylamine complex, a neutral
iren{ 1} halide dihydrocarby! ether complex, a neutral fron{{Hl} halide dilyydrocarbylsulfide comaplex,
ot a neuiral iron(1) halide trihydrocarbyiphosphine complex. In some non-limiting embodiments,
the neutral transition metal complexes which can be utilized in any aspect or any embodiment
disclosed herein can be, comprise, or consist essentially of, 2 neutral titantu{{i1) halide, a neutral
titantum(U) halide hydrocarbylnitvile coraplex, 2 neutral itanivna{1} balide trithydrocarbylamine
complex, a neatral titanium{1ll) halide dihydrocarbyl ether complex, a neutral titanium(I1) halide
dikydrocarbylsulfide complex, or a neutral titanium{ 11} halide trihydrocarbylphosphine complex;
alternatively, a negtral vanadium{il) halide, a neutral vanadigm({1i} halide hydrocarbylnitrile
complex, a neutral vanadiom(il) halide trihydrocarbylamine complex, a veutral vanadum(U}) halide
dihydrocarbyl ether complex, a neutral vanadium(1H) halide dibhydrocarbylsulfide complex, ora

neutral vanadium{I} halide trihydrocarbylphosphine complex; alternatively | a neutral niobium(HT)
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halide, a neutral niobium (1) halide hydrocarbyluitrile complex, a neotral niobium{IIl) halide
trilydrocarbylamine complex, a neutral miobium(1ll) halide dihydrocarbyl ether complex, a noutral
niobium(1) halide dihydrocarbylsulfide complex, or a neutral niobtunIii) halide
trihydrocarbyiphosphine complex; alternatively, a neutral chromium{lif) halide, a neutral
chromiom(1T) hahde hydrocarbylmtnile complex, a neutral chromium(Ii) halide trihydrocarbylamine
complex, a neotral chromiom(HI) halide dihydrocarbyl ether complex, a neutral chromium(iil) halide
dihydrocarbylsulfide complex, or a neutral chromium(11l) halide trihydrocarbvipbosphine comaplex;
alternatively, & neutral manganese{111) halide, a neutral manganese(1H) halide hydrocarbyinitrile
complex, a neutral manganese(I} halide trihydrocarbylamine complex, a newtral manganese({i)
halide dihydrocarbyi ether complex, a neutral manganese(lli) halide dihydrocarbylsulfide complex, or
a neutral mangancse{ HI) halide tribydrocarbylphosphine complex; or alternatively, a neutral iron{ 1)
halide, & neutral ron(1H) balide hydrocarbyinitriie complex, a veutral irondI1{} halide
trihydrocarbylamine complex, a neatral iron(H1) halide dihydrocarbyl ether complex, a neutral

iron{ 11} halide dihydrocarbylsalfide complex, a neutral iron(1H) halide trihydrocarbyiphosphine
complex. In yet other non-limiting embodiments, the noutral transition metal compicxes which can be
utilized in any aspect or any embodiment disclosed berein can be, comprise, or consist essentially of,
a neutral titanium{ {11} halide tetrabydrofuran complex, a neutral vanadium(1i) halide tetrahvdrofuran
complex, a nevtral niobium(I1}) halide tetrahydrofuran complex, a neotral chromiom(HI) hahde
tetrahydroforan complex, a noutral manganese(ill) halide tetrahydrofuran complex, or a noutral

wron{ 1} halide tetrahydrofuran compiex. In further non-Haiting embodiments, the neutral transition
metal complexes which can be utilized in any aspect or any embodiment disclosed herein can be,
comprise, or consist essentially of, a neotral titaniom (11D balide; alicrnatively, a neotral titanium{3H
halide tetrahydrofuran complex; alternatively, neuiral titaniun{1H} halide hydrocarbylnitrile complex;
alternatively, & noutral itanium(1) balide trihydrocarbylamine complex; aliomatively, a neutral
titaniom(111) halide dihvdrocarbyl ether complex; alternatively, a newiral titamum{1H) halide
dihydrocarbylsulfide complex; alternatively, a neutral titantum{I1) halide Wrihydrocarbylphosphine
complex; alternatively, a neutral chromium(1i) halide; alternatively, a neutral chrominm(HI) halide
tetrahydroforan complex; alternatively, a neutral chromium(Ili) halide hydrocarbyluttrife complex;
alternatively, a neutral chromium(I} halide trihydrocarbylamine complex; alternatively, a neutral
chromiom({1l) halide dihydrocarbyl ether complex; alternatively, a neotral chromuom(iT) halide
dikydrocarbylsulfide complex; akernatively, a neutral chromiom(Il} halide trihydrocarbylphosphine
complex; alternatively, a neutral iron(Ill} halide; alternatively, 8 neutral iron(ll) halide
tetrabydrofuran complex; shernatively, a neutral ron(11} halide hydrocarbylnitrile complex;
alternatively, a neutral wron{ 1) halide trihydrocarbylamine complex; alternatively, a neutral iron(i1
halide dihydrocarbyi ether complex; alternatively, a neatral fron{1il} halide dihydrocarbylsulfide
complex; or alternatively, a neutral iron(1il) halide trihydrocarbylphosphine complex. Other general

or specific neutral ransition metal complexes having the formmila MPL, can be described using aspects
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and embodiments of the present disclosare. These general and speeific neutral chromiiom complexes

arc readily apparent and contemplated.

{8#183] In an aspect, the cationic transition metal complex (a transition metal complex where mis s
positive integer) can have the formula (M”71, Xa L™, (MPX L™, (MPLY™, (M%), X)™, or
(MPX )™ altematively, (M7 X L™, (M7 L0, (MPL), (M), X0, or (\48\ O
alternatively, ((MB)inxiLy}m (MK L™, or (MPLa™ alternatively, (MD)y: X L™ or (MU X L)™
alternatively, (MP),:0G0)™ or (MPX0)™; alternatively, ((M”) X0 L™ alternatively, (M7, L™
alternatively, (ML) alternatively, (M™),1 XY™ or alternatively, (M™X,)". Generally, the cationic
transition metal complex can be described using any compatible combination of transition metal (M”)
described herein, oxidation state of the transition metal () deseribed herein, number of transition
metals (v1) described herein, anionic ligand (X) described herein, charge of the anionic ligand(s) {y)
described herein, number of andonic ligands (x1) described herein, noutral igand (L) described hercin,
and number of neutral higands {(¥) described herein, and positive charge of the cationie transition metal

complex (m} described herein,

{8184] In a non-limiting crobodiment, the cationic transition metal complex can be, comprise, or
consist essentially of, a cationic transition metal halide, a cationic transition metal halide
trilydrocarbylamine complex, a cationic transition metal halide dihydrocarbylether complex, ora
cationic transition metal halide dihydrocarbylsulfide complex. In some non-Hmiting embodiments,
the cationic transition metal complex can be, comprise, or consist cssentially of, a cationic transition
metal halide trihydrocarbylamine complex, a cationic transition metal halide dihydrocarbylether
complex, or 4 cationic transition metal halide dibydrocarbylsulfide complex. In other non-limiting
embodiments, the cationic transition metal complex can be, comprise, or consist essentially of, a
cationic transition metal halide anunonia complex, a cationic ransition metal halide tetrahydrofuran
complex, or a cationic transition metal halide tetrahydrothiophene complex. In yet other non-limiting
embodiments, the cationic transition metal complex can be, comprise, or consist essentially of, a
cationic transition metal halide complex; alternatively, a cationic transition metal halide ammonia
complex; alternatively, a cationic transition metal halide tribydrocarbylamine complex; alternatively,
a cationic transition metal halide ditydrocarbylether complex; alternatively, a cationic transition motal
halide dihydrocarbyisulfide complex; alternatively, a cationic trangition metal halide tetrahydrofuran
complex; or alternatively, a cationic transition metal halide tetrahydrothiophene complex. Generally,
the individual elements of these non-limiting embodiments of the cationic transition metal complex
arg independently described herein and can be utilized in any compatible combination to further

describe the cationic transition metal complex.

{8185} Transition metals and transition metal oxidation states which can be utilized to describe the

cationic transition metal complexes are described heren and can be utilized in any combination to
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further describe the cationic transition metal complexes which can be utilized in any aspect or any
embodiment disclosed herein. In a non-limiting embodiment, the cationic transition metal complex
can be, comprise, or consist essentially of, a cationic titantum{1l) complex, a cationic vanadium{J{1}
complex, a cationic niohium(ll) complex, a cationic chromivm{I1} complex, a catiomic iron(1il)
complex, or a cationic cobalt(HI} complex having any anionic ligand described herein and any neutral
ligand described herein, In some embodiments, any anionic ligand described herein and any neutral
tigand described herein can be utilized to further describe a noun-limiting catienic titandum{111}
complex; alternatively, a cationic vanadium(H1) complex; alternatively, a cationic niohium{l{1}
complex; alternatively, a cationic chromium(HT) complex; alternatively, a cationic iron{ll} complex;
or alternatively, a8 cationic cobalt(Il} complex. In a non-limiting embodiment, the cationic transition
metal complex can be, comprise, or consist cssentially of, a cationic titanium{I1} halide complex, a
cationic vanadium(1ll) halide complex, a cationic niobium{IiI) halide complex, a cationic
chromiom({IT) complex, a cationic iron(IH) halide complex, or a cationic cobah{(Il) halide complex;
aiternatively, a cationic titanium(1i} halide complex; alternatively, a cationic vanadium{1il) balide
complex; alternatively, a cationic niobium{Il) balide complex; alternatively, a cationic chromium(iil)
halide complex; alternatively, a cationic iron(lif) halide coraplex; or alternatively, a cationic

cobalt(Ti) halide complex.

[B186]  In a non-himiting embodiment, the transition metal complex which can be utilized in any
aspect or any embodiment described herein can be, comprise, or consist essentially of, a cationic
titantum(1l) trihydrocarbylamine complex, a cationic titanium{1H) dihvdrocarbylether complex, a
cationic fitanium({11) dihydrocarbylsulfide complex, a cationic vanadium{II} amumonia complex, a
cationic vanadium(1l) trhydrocarbylamine complex, a cationic vanadium(Ill) dihydrocarbylether
complex, a cationic vanadium{Ill} dihydrocarbylsulfide complex, a cationic vanadium(IiT)
rhydrocarbylamine complex, a cationic vanadium{ill} dihydrocarbyicther complex, a cationic
vanadium{1l}) dihydrocarbylsulfide compiex, a cationic niobium{ I} trihydrocarbylamine complex, a
cationic niobtum(ll) dihydrocarbylether complex, a cationic niobium (1} dihydrocarbyisultide
complex, a cationic chromivm(1} trihydrocarbylamine complex, a cationic chromium(h)
dihydrocarbylether complex, a cationic chromiom{I1l} dihydrocarbylsulfide complex, a cationic

wron{ {1} trihydrocarbylamine complex, a cationic iron{H1) dibydrocarbylether complex, a cationic
won{ 11} dihydrocarbylsulfide complex, 2 cationic cobali(I1l) trihydrocarbylamine complex, a cationic
cobalt{lil) dihydrocarbylether complex, a cationic cobalt(1ll) dihydrocarbylsulfide complex. Tn some
non-limiting embodiments, the transition metal complex which can be utilized i any aspect or any
embodiment described herein can be, comprise, or consist essentially of, a cationic fitanipm{11i)
trihydrocarbylanine complex, a cationic vanadium{l11} trihydrocarbylamine complex, a cationic
niobiom(1il) trikydrocarbylamine complex, a cationic chromium(I1) trihydrocarbylamine complex, or

a cationic ron{ I} trihydrocarbylamine complex, a cationic cobak(IIl) trihydrocarbylamine complex;
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alternatively, a cationic titantum(Ill) dikydrocarbylether complex, a cationic vanadium{I)
dihydrocarbylether complex, a cationic niobium(llly dihydrocarbylether compicx, a cationic
chromium({ 111} dihydrocarbylether complex, a cationic iron(l1) dihydrocarbylether complex, ora
cationic cobalt({il) dihydrocarbylether complex; or alternatively, a cationic titanium(HT)
dikydrocarbylsulfide complex, a cationic vanadiim{Ill) dihydrocarbylsulfide complex, a cationic
eiohiom{1D dikydrocarbylsulfide complex, a cationic chromium{Il} dihydrocarbyisulfide complex,
cationic won{lll} dihydrocarbylsulfide complex, or a cationic cobalt{I{]} dihvdrocarbylsulfide
complex. In other non-Hmiting embodiments, the transition metal complex which can be utilized in
any aspect or any embodiment described herein can be, comprise, or consist essentially of, a cationic
titanium(1I1) trikhydrocarbylamine complex, a cationic titandum{1H) dihydrocarbylether complex, a
cationic titaniom({11} dihydrocarbylsuifide complex; alternatively, a cationic vanadium(ll)
trihydrocarbylamine complex, a cationic vanadium(H1) dibydrocarbylether complex, a cationic
vanadivm{ {11} dihydrocarbylsulfide complex; alternatively, & cationic niobium({i])
trihydrocarbylamine complex, a cationic niobiom(Il) dihydrocarbylether complex, a cationic
niohbiom{Iil} dihydrocarbylsulfide complex; alternatively, a cationic chrominm(Hil)
trihydrocarbylamine complex, a cationic chromium({IH} dihydrocarbyicther complex, a cationic
chromium{1ll) dihydrocarbylsulfide complex; alternatively, a cationic fron(1ll) trihydrocarbylamine
complex, a cationic iron{lH) dihydrocarbylether complex, a cationic iron{H1) dihydrocarbylsulfide
complex; or alternatively, a cationic cobaft(11}) trihydrocarbylamine complex, a cationic cobalt{Ii{}
dihydrocarbylether complex, or & cationic cobalt{ll} dihydrocarbylsulfide complex. In yet other non-
Hmiting embodiments, the fransition metal complex which can be utilized in any aspect or any
embodiment described hercin can be, comprise, or consist essentially of, a cationic titantum(I)
rhydrocarbylamine complex; alternatively, a cationic vanadium(lil) trihydrocarbylamine complex;
alternatively, & cationic nichiun(Iil) frihydrocarbylamine complex; alternatively, a cationic
chromium{1ll) trihvdrocarbylamine complex; alternatively, a catiomie ron{lll} trihydrocarbylamine
complex; alternatively, a cationic cobalt(H1} trihydrocarbylamine complex; alternatively, a cationie
titanium(11) dihydrocarbylether complex; altermatively, a cationie vanadimn(IH) dihydrocarbylether
complex; alternatively, a cationic niobium{1H) dibydrocarbylether complex; aliernatively, a cationic
chromium{ 111} dihydrocarbylether complex; alternatively, a cationic tron{11) dihvdrocarbylether
complex; alternatively, a cationic cobalt(H1) dibydrocarbylether complex; alternatively, a cationic
titanum{ 11} dihydrocarbylsulfide complex; alternatively, a cationic vanadium(IiT)
dihvdrocarbylsulfide complex; aliernatively, a cationic niobitm({1i} dihydrocarbyisulfide complex;
alternatively, a cationic chromium(ll}) dibydrocarbylsulfide complex; alternatively, a cationic
won{ITT} dihydrocarbylsulfide complex; or alternatively, a cationic cobalt(JIT) dihydrocarbylsulfide

complex.
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[#187]  In a non-limiting embodiment, the transition metal complex which can be utilized in any
aspect of any embodiment described herein can be, comprise, or consist essentially of, a cationic
titantum( 1) ammonia complex, a cationic vanadivm(IIl) ammonia coraplex, 2 cationic niohium{1H)
ammonia complex, a cationic chromiom{ {11} ammonia complex, a cationic ron(1H) anmmonia
complex, a cationic cobalt(1ll} ammonia complex, a cationic titaniuwm(I1) tetrahydrofiran complex, a
cationic vanadium({1I]) tetrahydrofuran complex, a cationic niobium{iHl) tetrahydroforan complex, a
cationic chrovdum{Iil) fetrahydrofuran complex, a cationic iron(ill) tetrabydrofuran complex, a
cationic cobalt(lil) tetrabydrofuran complex, a cationic titandurn{[1} totrahydrothiophene complex, a
cationic vanadium({1]) tetrahydrothiophene complex, a cationic nmiobium{1H) tetrahydrothiophene
complex, a cationic chromivm{I} tetrahydrothiophene complex, a cationic iron(1i}
tetrahydrothiophene complex, or a cationic cobalt(ill) tetrahydrothiophene complex. In some non-
Himiting embodiments, the transition metal complex which can be utilized in any aspect or any
embodiment described hercin can be, comprise, or consist essentially of, a cationic ttantum(lil)
ammonia complex, a cationic vanadiom(II) annmonia complex, a cationic niobiom(Il) ammonia
complex, a cationic chromiwm({lil) ammonia complex, a cationic iron(Ill) ammonia complex, or a
cationic cobalt(lil) aramonia complex; alternatively, a cationic titaniom{ 11} tetrahydrofuran comples,
a cationic vanadium(IT]) tetrahydrotoran complex, a cationic niobium(i1) tetrahydrofuran complex, a
cationic chromium(1ll) tetrahydrofuran complex, a cationic iron(1l) tetrahydrofuran complex, ora
cationic cobalt(1il} tetrahydrofuran complex; or alternatively, a cationic titanium{I1)
tetrahydrothiophene complex, a cationic vanadivnu(il} tetrabydrothiophene complex, a cationie
niobiunn(1l) tetrabhydrothiophene complex, 8 cationic chromium{Ill} tetrahydrothiophene complex, a
cationic iron(HI) tetrahydrothiophene complex, or a cationic cobalt{(IIl} tetrahydrothiophene complex.
In other non-limiting embodiments, the transition metal complex which can be utilized in any aspect
or any cmbodiment described herein can be, comprise, or consist essentially of, a cationic

titaniom( 111 anumonia coroplex, a cationic titanium(IH) tetrahydrotoran complex, a cationic
titaniom({11) tetrahydrothiophene complex; alternatively, a cationic vanadium(ITl) anmmonia complex,
a cationic vanadium(IiT) tetrahydrofuran complex, a cationic vanadium{IH) tetrahydrothiophene
complex; alternatively, a cationic niobium{1H) ammonia complex, a cationic niobium{i]}
tetrahydrofuran complex, a cationic niobium(11l} tetrabydrothiophene complex; aliernatively, a
cationic chromun(lll) ammonia complex, a cationic chromdum(I1T) tetrahydrofuran complex, a
cationic chrominm(Ill} tetrahydrothiophene complex; alternatively, a cationic iron(lll) ammonia
complex, a cationic iron{IH) tetrahydrofuran complex, a cationic iron(Ill) tetrabydrothiophene
complex; or alternatively, a cationic cobalt{{Il} ammonia complex, a cationic cobalt{111}
tetrahydroturan complex, or a cationic cobalt(!) tetrahvdrothiophene complex. n yet other non-
limiting embodiments, the transition metal complex which can be utilized m any aspect or any
embodiment described herein can be, comprise, or consist essentially of, a cationic titantum(l1ll)

ammonia complex; aliernatively, a cationic vanadium{1li) ammonia complex; aliernatively, a cationic
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niobivm(11l) anpnonia complex; alternatively, a cationic chromivm(IIl) anpnonia complex;
alternatively, a cationic iron(H1) ammonia complex; alternatively, a cationic cobalt(H) ammonia
complex; alternatively, a cationic titanium{ L) totrahydrofuran complex; aliernatively, a cationic
vanadivm{ {1} tetrahydrofuran complex; alternatively, 4 cationic niobium{11) tetrahydrofuran
complex; alternatively, a cationic chromiom{H1) tetrahydrofuran complex; alternatively, a cationie
irond [T} tetrahydrofuran complex; alternatively, a cationic cobali{lil} tetrahydroturan complex;
alternatively, a cationic titaniun{111} tetrahydrothiophene complex; alternatively, a cationic
vanadium{ 11} tetrabydrothiophene complex; alternatively, a cationic miobium(1i)
tetrahydrothiophene complex; aliematively, a cationic chromium(I1) tetrahydrothiophene complex;
alternatively, a cationic iron(I1l) tetrahydrothiophene complex; or alternatively, a cationic cobal(Ill}

tetrahydrothiophene complex.

{#188] In a noon-limiting embodiment, the transition metal complex which can be utilized in any
aspect or any embodiment described herein can be, comprise, or consist cssentially of, a cationic
titantunn(11) halide, a cationic titandom(111) halide trhydrocarbylamine complex, a cationic
titanum{1H) halide dihydrocarbylether complex, a cationic titantum(I1) halide dihydrocarbylsulfide
complex, a cationic vanadium(Ill) halide, a cationic vanadium(1li) halide rihydrocarbylamine
complex, a cationic vanadiuro{lil} halide dihydrocarbylether conplex, a cationic vanadivm(i) balide
dihydrocarbylsulfide complex, a cationic niobium(HI) halide, a cationic niobtam{I1l) hahde
trihydrocarbylamine complex, a cationic niobium(il) halide dihydrocarbylether complex, a cationic
niobium(1il) halide dihydrocarbylsulfide complex, a cationic chromium{Ill} halide, a cationic
chromium{ 111} halide trihydrocarbylamine complex, a cationic chromivm(H1) halide
dibydrocarbylether complex, a cationic chromivm{(Il) halide dihydrocarbylsultfide corplex, a cationic
irond 11} halide, a cationic ron{IH} halide trihydrocarbylamine complex, a cationic iron(HI) halide
dihydrocarbylether complex, a cationic iron{li} halide dihydrocarbylsulfide complex, a cationic
cebali(1i) halide, a cationic cobalt{1i]) halide trihydrocarbylamine complex, a cationic cobalt(Iil)
halide dibydrocarbylether complex, or a cationic cobali(ill) halide dibydrocarbylsulfide conplex. In
some non-limiting embodiments, the transition metal complex which can be utilized in any aspect or
any embodiment described herein can be, comprise, or consist essentially of, a cationic titamum{IH}
halide, a cationic vanadium(ill) halide, a cationic nigbium(IlD) halide, a cationic chromivm(IH) halide,
a cationic irond} 11} halide, or a cationic cobali{1ll} halide; ahternatively, a cationic titanium{1H)} halide
trihydrocarbylamine complex, a cationie vanadium(lll) halide trihydrocarbylamine complex, a
cationic niobivum(I1l) halide trihydrocarbylamine complex, a cationic chromium(IH) halide
rihydrocarbylamine complex, a cationic iron(1il) halide trihydrocarbylamine complex, or a cationic
cebalt(1H) halide trihydrocarbylamine complex; altematively, a cationic titantuwma(H1) halide
dihydrocarbylether complex, a cationic vanadium (11} halide dihydrocarbylether complex, a cationic

niobium(1il) halide dihydrocarbylether complex, a cationic chromivum(Iil) halide dihydrocarbylether
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complex, a cationic fron(lH) halide dihydrocarbylether complex, or a cationic cobalt(I11l) halide
dihydrocarbylether complex; or alternatively, a cationic titanium(1il) halide dihydrocarbylsulfide
complex, a cationic vanadiun{TTT) halide dihydrocarbylsulfide complex, a cationic niobium(TH) halide
dihydrocarbylsulfide complex, a cationic chromium{I1]} halide dihydrocarbylsulfide complex,
cationic ron{lH} halide dihydrocarbylsulfide complex, or a cationic cobalt(1I) halide
dihvdrocarbylsulfide complex. In other non-limiting embodiments, the transition metal complex
which can be utilized in any aspect or any embodiment described herein can be, comprise, or consist
essentially of, a cationic titanium{1l}) halide, a cationic titanium{11) halide trihydrocarbylamine
complex, a cationic titanium(I{T) halide dihydrocarbylether complex, a cationic titaniom(H1) halide
dihydrocarbylsulfide complex; alternatively, a cationic vanadium(lil) halide, a cationic vanadim{(HI)
halide trihydrocarbylamine complex, a cationic vanadiumm(Il} halide dihydrocarbylether compiex, a
cationic vanadium(lil) halide dihydrocarbylsulfide complex; aliernatively, a cationic moebivm(I11)
halide, a cationic niobium(il) halide trihydrocarbylamine complex, a cationic niobium(IH} halide
dikydrocarbylether complex, a cationic niohiom{IH} halide dihydrocarbylsalfide complex;
aliernatively, a cationic chromium(1li) halide, a cationic chromium(1i}) halide trihydrocarbylamine
complex, a cationic chromiura{lil) halide dihydrocarbylether complex, a cationic chromium(di}
halide dihydrocarbyisulfide complex; alternatively, a cationic iron(1ll) halide, a cationic iron(1f)
halide trihydrocarbylamine complex, a cationic tron(Hil) halide dihydrocarbylether complex, a
cationic rond[H)} halide dihydrocarbylsulfide complex; or alternatively, a cationic cobali(fil} halide, a
cationic cobalt(1il) halide trihydrocarbylamine complex, a cationic cobalt(1ll) halide
dihydrocarbylether complex, or a cationic cobalt(IHl) halide dihydrocarbylsulfide complex. Inyet
other non-limiting embodiments, the transition metal complex which can be utilized in any aspect or
any embodiment described herein can be, comprise, or consist essentially of, a cationic titanium(H1)
halide; alternatively, a cationic vanadiura{lll) halide; alternatively, a cationic niobium(il} halide;
alternatively, a cationic chromium(lll} halide; alternatively, a cationic ron{lll) halide; alternatively, 4
cationic cobalt(1il) halide; alternatively, a cationic titantum(li]) halide trilydrocarbylamine complex;
alternatively, a cationic vanadiom(I1) halide trihydrocarbylamine complex; alternatively, a cationic
niobium(1il) halide #rihydrocarbylamine complex; alternatively, g cationic chromium(lll) halide
trihydrocarbylamine complex; alitematively, a cationic iron(lll) kalide trihydrocarbylamine complex;
alternatively, a cationic cobalt(1l}) halide trihydrocarbylamine complex; alternatively, a cationic
titanum{1H) halide dihydrocarbyiether complex; alternatively, a cationic vanadivmm(HI) halide
dihydrocarbylether complex; alternatively, a cationic niobivm(iil} balide dibydrocarbylether complex;
alternatively, a cationic chromium(ll}) halide dihydrocarbylether complex; alternatively, a cationic
won{If{} halide dilydrocarbylether complex; alternatively, a cationic cobalt(Il) halide
dihydrocarbylether complex; alternatively, a cationie titamiom(HI) halide dihydrocarbylsulfide
complex; alternatively, a cationic vanadivm{HI} halide dibydrocarbylsulfide complex; alternatively, a

cationic nebium({11) halide dihydrocarbylsulfide complex; altematively, 2 cationic chromdum{1})
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halide dihydrocarbyisulfide complex; alternatively, a cationic ron(lil) halide dihydrocarbylsulfide

complex; or alternatively, a cationic cobalt(1l}) halide dihydrocarbyisulfide complex.

{8#189]  In a non-limiting embodiment, the transition metal complex which can be utilized in any
aspect or any embodiment described herein can be, comprise, or consist cssentially of, a cationic
titantum(1il) halide anumonia complex, a cationic vanadium(i1) halide anymomia complex, a cationic
nichiom(1D) halide anvmonia complex, a cationic chromium(II) halide ammonia complex, a cationic
iron [11) halide ammonia complex, a cationic cobalt(Ill) halide ammonia complex, a cationic
titanium{111} halide tetrahydrofuran complex, a cationic vanadivm{1H)} halide tetrabydrofuran
complex, a cationic niobivm{11) halide tetrabydrofuran complex, a cationic chromium{i{1) halide
tetrahy drofuran complex, a cationic fron(IH) halide tetrahydrofuran complex, a cationic cobali(Iih)
halide tetrahydrofuran complex, a cationic titaniom(I11} halide tetrahydrothiophene complex, a
cationic vanadium(l1ll) halide tetrahydrothiophene compiex, a cationic niobium{Iil) balide
tetrahydrothiophene complex, a cationic chromium{lil} halide tetrahydrothiophene compiex, a
cationic ron{IH) halide tetrahydrothiophene complex, or a cationic cobalt{1ll) halide
tetrahydrothiophene complex. In some non-Himiting embodiments, the transition metal complex
which can be utilized in any aspect or any embodiment described herein can be, comprise, or consist
cssentially of, a cationic titanium{ {11} balide anuvonia complex, a cationic vanadiuro(lil) halide
ammonia complex, a cationic niobium(IH) halide ammonia complex, a cationic chromium(lil) hahde
ammonia complex, a cationic iron(I11) halide ammonia complex, or a cationic cobalt(l) halide
ammonia complex; aliernatively, a cationic titaniom{11} balide tetrahydrofuran complex, a cationic
vanadium{{I}) halide tetrahydrofuran complex, a cationic niobium(11l} halide tetrahydrofuran
complex, a cationic chromivm{I1]) halide tetrahydrofuiran complex, a cationic ron{{1) halide
tetrahydrofuran complex, or a cationic cobalt(1H) halide tetrahydrofuran complex; or alternatively, a
cationic titantum(11l) halide tetrahydrothiophene complex, a cationic vanadium{i]) halide

tetrahy drothiophene complex, a cationic viobium{11l) halide tetrahydrothiophene compilex, a cationic
chromium{ 1) halide tetrahydrothiophene complex, a cationic ron(1l) balide tetrahydrothiophene
complex, or a cationic cobalt(HI) halide tetrahydrothiophene complex. In other non-limiting
embodiments, the transition metal complex which can be utihized in any aspect or any embodiment
described herein can be, comprise, or counsist essentially of, a cationic titantum(11l) halide ammonia
complex, a cationic titenium (111} halide tetrahydrofuran complex, a cationic titanium(H1) halide
tetrahydrothiophene complex; alternatively, a cationic vanadimm (31} halide ammonia complex, a
cationic vanadium(Il) halide tetrahydrofuran complex, a cationic vanadiom(HI) halide
tetraliydrothiophene complex; alternatively, a cationic niobium{1H) halide amumonia complex, a
cationic niobuma(1ll) halide tetrahydrofiran complex, a cationic nichium(iH) halide
tetrahydrothiophene complex; alternatively, a catiomic chromuum(i) halide ammonia complex, a

cationic chromivm(IIl) halide tetrahydrofuran complex, a cationic chromium(II) halide
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tetrahydrothiophene complex; akernatively, a cationic iron(11I} halide anvnonia complex, a cationic
iron{{l} halide tetrahydrofuran complex, a cationic tron(lil) halide tetrahydrothiophene complex; or
alternatively, a cationic cobal(1l}) halide ammonia complex, a cationic cobali(lil) halide
tetrahydrofiran complex, or a cationic cobali(Iil) halide tetrahydrothiophene complex. Tn yet other
non-limiting embodiments, the transition metal complex which can be utilized i any aspect or any
embodiment described herein can be, comprise, or consist essentially of, a cationic fitanipm{11i)
halide ammonia complex; alternatively, a cationic vanadium(ill) halide ammonia complex;
alternatively, & cationic nichiun(I1l}) halide amnmonia conmplex; aliernatively, a cationic chromium(1ll)
halide ammonia complex; alternatively, a cationic iron(I1) halide ammonia complex; alternatively, a
cationic cobalt{11l) halide ammonia complex; aliernatively, a cationic titanium{1il} halide
tetrahydroforan complex; alternatively, a cationic vanadium(iil) halide tetrahydrofuran complex;
alternatively, a cationic miobium(1ll) halide tetrahydrofuran complex; alternatively, a cationic
chromiom({ {11} halide tetrahydrofuran complex; aliernatively, a cationic iron(1l}) halide
tetrahydrofuran complex; alternatively, a cationic cobalt(IH) halide tetrahydrofuran complex;
aliernatively, a cationic titanium({1i]) halide tetrahydrothiophene complex; aliernatively, a cationic
vanadium{1l}) halide tetrahydrothiophene complex; alternatively, a cationic niobium{lH) halide
tetrahydrothiophene complex; aliematively, a cationic chromium(I1l) halide tetrahydrothiophene
complex; alternatively, a cationic iron(Hil) halide tetrahydrothiophene complex; or alternatively, a

cationic cobalt{1il) halide tetrahydrothiopbene complex.

[8#198] I a non-limiting embodiment, the cationic transition metal complex can be, comprise, or
consist essentially of, TICL{THF)'", VINH:)™", VINH3)6 |, Co(NHs3, or Co(NH:)e' " Tn other
non-limiting embodiments, the cationic transition metal complex can be, comprise, or consist
essentially of, TICL(THF),'"; alternatively, VINH;)e  or VN alternatively, VINH,)e
alternatively, V(NH;)s'; alternatively, Co(NH;)s™ ; or alternatively, Co(INHs)s . Other general or
specific cationic transition metal complexes having the formula MPL, can be described using aspects
and cmbodiments of the present disclosure. These general and specific cationic transition metal
complexes are readily apparent and contemplated.

{8191] In an aspect, the anionic transition metal compiex {a transition metal corplex where mis a
negative integer) can have the formula (M) WXk, M7 L™, OMPLY™, (O™ I} OF
(MPX,1)"; alternatively, (M™),:Xa L))", M X G L™, (MPLO™, (MP)1 X000, or (MPX0)™
alternatively, (M™),, X L™ (MBXX]Lg}mﬁ or (MPL)™; alternatively, ((M”) X L™ or (M3, L™
alternatively, (M7}, X0)™ or (MPX,)"; alternatively, ((MD), X, L™ alternatively, (MUK L™
alternatively, (MPL,)™; alternatively, ((E\%Ig)ylxﬂ)”’; or alternatively, (M"X,)". Generally, the anionic
transition metal complex can be described using any compatible combination of transition metal (M)

described herein, oxidation state of the transition metal () described herein, mimber of transition
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metals (y1) described herein, anionic igand (X) deseribed herein, charge of the anionic ligand{(s) (v}
described berein, number of anionic ligands (x1) described herein, neutral ligand (L) described herein,
and number of neutral ligands () deseribed herein, and negative charge of the anionic transition metal
complex (m) described herein.

[8192]  In a noon-limiting embodiment, the anionic transition metal complex can be, comprise, or
consist essentially of, an anionic transition metal halide or an anionic transition metal cyanide
complex. In some non-limiting embodiments, the anionic transition metal complex can be, comprise,
or consist essentially of, an anionic transition metal halide; or alternatively, an anionic transition metal
cyanide complex. Generally, the individual elements of these non-limiting embodiments of the
anionic transition metai complex are independently described herein and can be uiilized in any

compatible combination to further describe the anjonic transition metal complex.

{8193} Transition metals and transition metal oxidation states which can utilized to describe the
anionic fransition metal complexes are described herein and can be utilized in any combination to
further describe the anionic transition metal complexes which can be utilized in any aspect or any
embodiment disclosed herein. In a non-limiting embodiment, the anionic transition metal complexes
which can be utilized n any aspect or any embodiment disclosed herein car be, comprise, or consist
essentially of, an anionic titandom () complex, an anionic vanadium(lll) complex, an anionic
nickiom(H) complex, an anionic chromtom(Il} complex, an anionic manganese(Ii) complex, an
anionic iron(1lfy complex, or an anionic cobalt(1il) complex having any anionic ligand described
herein. In some embodiments, any anjonic ligand described herein can be utilized to further describe
a non-limiting aniovic titanium (11} coraplex; alternatively, an anionic vanadium{I1} complex;
alternatively, an anionic niobituwmn{ll} complex; alternatively, an anionic chromivm(lll) complex;
alternatively, an anionic manganese(1l) complex; alternatively, an anionic iron{HI) complex; or

alternatively, an anionic cobali{lil} complex,

{8#194] In a non-limiting embodiment, the anionic transition metal compiexes which can be utifized
in any aspect or any crubodiment disclosed herein can be, comprise, or consist essentially of, an
antonic titanium (HY) halide complex, an anionic vanadiom{I1l) halide complex, an anionic
pickiom(1l) balide complex, an anionic chromium(I1T) halide complex, an anionic manganese(H1)
halide complex, an anionic iron{l1} halide compiex, an anionic cobalt(il) halide complex, an antonic
titandum (1) cyanide complex, an anlonic vanadium(Hi) cyanide complex, an anionic nichinm(I11)
cyanide complex, an anjonic chromuum{1) cyanide complex, an anionic manganese(iil) cyanide
complex, an anionie ron(IH) cyanide complex, or an amonic cobak(TIh) cyvanide complex. In some
non-limiting embodiments, the anjonic ransition metal complexes which can be utilized in any aspect
or any embodiment disclosed herein can be, comprise, or congist cssentially of, an avionic titanium
(111 halide complex, an antonic vanadivm{H1) halide complex, an anionic niobium{lH) halide

complex, an anionic chromiom{I} halide complex, an anionic manganese(I11) halide complex, an
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anionic iron{11Iy halide complex, or an anionic cobalt(H1) halide complex; or alterpatively, an anionic
titantum (I cyanide complex, an anionic vanadium(lil) cyanide complex, an anionic niobium(lil)
cyanide complex, an anionic chromium({IH) cvanide complex, an anionic mangancse(H 1) cyanide
complex, an anionic fron(1H) cyanide complex, or an anionic cobalt(1l) cyanide complex. In yet
other embodiments, the anionic transition metal complexes which can be utilized in any aspect or any
cembodiment disclosed herein can be, comprise, or consist essentially of, an anionic titanium (1)
halide complex or an anionic taniom (1) cyanide complex; alternatively, an anionic vanadium(iil)
halide complex or an anionic vanadium{1l) cyanide complex; alterpatively, an anjonic niobium{H1}
halide complex or an andonic niobiom(I11) cvanide complex; alternatively, an anionic chromium(I1])
halide complex or an anionic chromien{li) cyanide complex; alicrnatively, an anionic
manganese{1il) halide complex or an anionic manganese(1il} cyanide complex; altomatively, an
antonic iron(I11) halide complex or an anionic ron{I{l) cyanide complex; or alteratively, an anionic
cobalt{1il) halide complex or an anionic cobalt{Il) cyanide complex. In yet other embodiments, the
antonic transition metal complexes which can be utilized in any aspect or any embodiment disclosed
herein can be, comprise, or consist essentially of, an anionic titaniom (1) halide complex;
alternatively, an autonic vanadivm( 1) halide complex; alternatively, an anionic niebiom{I7Y) halide
complex; alternatively, an anionic chromiom(I) halide complex; alternatively, an antonic
manganese{1ll) halide complex; alternatively, an anionic iron(IIl) halide complex; alternatively, an
anionic cobalt(Ill) halide complex; alternatively, an anionic titanium (111} cyanide complex;
alternatively, an anionic vanadiura(tll) cyanide complex; alternatively, an anionic nicbinm{1if}
cyanide complex; alternatively, an anionic chromivm(lll} eyanide complex; alternatively, an anionic
manganese{ Il cyanide complex; alternatively, an anionic iron(IH) cyanide complex; or alternatively,

an anionic cobalt(I{l} cyanide complex.

18195]  In a non-limiting cmbodiment, the anionic transition metal complex can be, comprise, or
consist essentially of, (THONYY . (VOO (GrCint, (Ce(CNYY, (MnCly, (MaE D", (MoFs)™,
(MuFa)", (FeFo)”, (FeCl)", (FeCl)", (Fely), (Co{lCN))", or (CoF4)". In other non-limiting
embodiments, the anionic transition metal complex can be, comprise, or consist essentially of,
(TI(CN)e)"; alternatively, (VCL)'; alternatively, (CrCL)Y " or (C{CN)e); alternatively, (CrCl)'
alternatively, (Cr(CN).); alternatively, (MnCls)”; alternatively, (MnF,)", (MnFs)", or (MnFg);
alternatively, (MnF,) " alternatively, (MnFs)"; alternatively, (MnFq)"; altcrnatively, (FeFq),

(FeCly", (FeCl), or (Fely)

1
1- -

; alternatively, (FeFq); alternatively, (FeCl)'; alternatively, (FeCL)™;
aiternatively, (Felﬁ,)l"; ahlternatively, (Cof CNgY or (CoFer™: alternatively, (CO(CN)g)}; or
alternatively, (CoFg). Other general or specific cationic transition metal complexes having the
formuta [(M®),1X,]" and or the formula [M”X,]” can be, comprise, or consist essentially of,
described using aspects and embodiments of the present disclosure. These general and specific

anionic transition metal complexes are readily apparent and contemplated.
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[#196] Generally, when the transition metal complex has a negative charge (e.g. having the formula
M) X L Tt FA T, FEOM) X L), MPSGL)™L{CA,

[T ™l T, LMy X)L T [A s HOM™ )y X Y 1L C s [OMPX ) C [ A s
and/ot [((M7X, Y 1.[C T, among others where m can be negative), the negative charge on the
transition metal complex can be balanced by a cationic specie(s) to provide a neutral transition metal
precursor. Generally, the transition metal precursor can be described using any compatible
combination of fransition metal(s) (M") described herein, oxidation state of the transition metal (s)
(x) described herein, rumber of transition metals (y1) described herein, anionic ligand(s} (X}
described herein, charge of the anionic Hgand(s) (v} described herein, number of antonic ligands (x1)
described herein, neutral Hgand(s) (L) described herein, nomber of neutral ligands (£} described
herein, charge of the fransition metal complex{es) (m) described herein, number of antonic metal
complexes (q) described herein, cationic species (C) described herein, charge on the cationic specie(s)

{¢) described herein, and number of cationic specie(s) (m1) described herein,

18197]  Generally, when the transition metal precursor (general or specific) comprises at least one
cationic species, the charge, ¢, of each cationic species, O, independently can be an integer ranging
from 1 to 3 or aliornatively, an integer ranging from 1 to 2. In an erobodiment, the charge, ¢, of each
cationic specics, C, independently can be |; alternatively, 2; or alternatively, 3. Generally, the charge,

¢, of the cationic specie, C, is apparent by the identity of the cationic specie.

[8198] Generally, the number of cationic species, m1, in the fransition metal precursor can be an
integer ranging from {0 to 5. In an embodiment, m1, in the transition metal precursor can be an integer
ranging from 0 fo 4; alternatively, 0 to 3; alternatively, 0 to 2; alternatively, 1 to 3; alternatively, 1 to
4; alternatively, 1 1o 3; or alternatively, 1 t0 2. In an embodiment, m1, in the transition metal
precursor can be O alternatively, 1; alternatively, 2; alternatively, 3; alternatively, 4; or alternatively,

~

2.

i8199] The number of cationic species, mi, in the transition metal precursor is a function of the
charge on the transition metal complex{es) (m}, the number of transition metal complexes {(q), the
cationic specie(s), and the charge {¢) on the cationic specie(s). When the transition metal complex is
anionic, the munber of anionic transition metal complex{es) (g} having charge m and the number of
cationic specie(s) (C) having charge ¢ can be related by the eqoation im * g/ = ¢ * m1. Insome
embodiments when the transition metal complex is anionic, the number of anionic transition metal
complex{es}, q, can be related to the charge on the anionic transition metal comaplex{es) (m), the
cationic specie(s) (C), and the cationic specie charge (¢) by the relationship that g = ¢ divided by the
greatest common divisor of ¢ and jm|. In some embodiments when the transition metal complex is

anionic, the nomber of cationic specie(s) (m1)} can be related to charge on the anjonic transition metal
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complex{es} (m), the cationic specie(s}, and the cationic specie charge {¢) by the relationship that

mi = |m| divided by the greatest common divisor of ¢ and im|.

18280] 1o an aspect, each cationic specigs, C, which can be utilized in a transition metal precursor
ndependently can be, comprise, or consist essentially of, a Group | metal cation, a Group 2 metal
cation, a tetraorganylanwnonium cation, or a tetraorganyiphosphonimm cation. In an embodiment,
cach cationie species, C, independently can be, comprise, or consist essentially of, a Group 1 metal
cation or Group 2 metal cation; alternatively, 3 tetraorganylammonium cation or a
fetraorganylphosphonium cation; altematively, a Group 1 metal cation; alternatively, a Group 2 metal
cation; alternatively, a tetraorganylanunonium cation; or alternatively, tetraorganyiphosphonium
cation. In an aspect, each organyl group of the tetraorganylammonium cation or
tetraorganylphosphonium cation independently can be a hydrocarby! group or a substituted
hydrocarbyl group; aliernatively, s hydrocarbyl group; or aliernatively, a substituted hydrocarbyl
group. In some embodiments, the cationic species, C, which can be utilized in a transition metal
precursor can be, comprise, ot consist essentially of, a tetrahydrocarbylammoniam cation, or a
teirahydrocarbylphosphoniom cation; tetrahydrocarbylammonium cation; or alternatively, a
tetrahiydrocarbyiphosphonium cation. In other embodimenis, the cationic species, €, which can be
utilized in a transition metal precursor can be, comprise, or consist essenfially of, a
tetraalkylaromonium cation, or a tetraalkyiphosphonivm cation; tetraalkylammonivm cation; or
alternatively, a tetraslkylphosphonivom cation. When the cationic species is a Group 1 metal cation,
tetraorganylammonium cation, or a tetraorganyiphosphonium cation, the charge, ¢, on the cationic
specic is 1. When the cationic species is a Group 2 metal cation, the charge, ¢, on the cationic specie
is 2.

[8261]  fn an aspect, cach Group | metal cation which can be utilized as the cationic specics
independently can be, comprise, or consist essentially of, Li", Na”, K", Rb", or Cs". Inan
embodiment, cach Group 1 cation which can be utilized as the cationic species independently can be,
comprise, or consist essentially of, Li'; alternatively, Na'; alternatively, K alternatively, Rb'; or
alternatively, Cs'. In an aspect, each Group 2 metal cation which can be utilized as the cationic
species independently can be, comprise, or consist essentially of, Be™", Mg®", Ca™", 8r*", or Ba™". In
an embodiment, cach Group 2 metal cation which can be utilized as the cationic species
independently can be, comprise, or consist essentially of, Be™'; alternatively, Mg’ alternatively,

Ca™"; alternatively, 8177 or alternatively, Ba’",

[9262] o an aspect, cach tetraorganylammoniom cation which can be utilized as the cationic
species independently can have the formula NRPRRRY. In another aspect, the
tetraorganylammonium cation can have the formala N(R™),. In an aspect, cach
tetraorganylphosphonium cation which can be utilized as the cationic specics independently can have

the formufa PRUR™RMRY. In ancther aspect, the tetrahydrocarbyiphosphonium cation can have the



21pERIPOT
WO 2013/089963 ) PCT/US2012/065289

formula P(R™),. Within the tetracrganylammoniam cation having the formula NRPRRR™, the
tetraorganylammoniam cation having the formula N(R™),, the tetracrganylphosphonium cation
having the formuta PRUYR™R™R™ and the tetrahydrocarbylphosphonium cation having the formula
PR, R R R R RT RM R R R™, and/or R™ independently can be a €' to 7 organyl
group; alternatively, C' to C¥° organyl group; O to C'° organyl group; or alternatively, C' to C°
organyl group. In an embodiment, each organy! group which can be utilized as R'®, R, R™", R®, R*,
RORM R RY, and/or R™ independently can be & hydrocarbyl group or a substituted hydrocarbyt
group; alternatively, a hydrocarbyl group; or alternatively, a substituted hydrocarbyl group.
Generally, the hydrocarby! group and/or substituted hydrocarbyl group which can be utilized as R,
R R R® R® RM R™ RM R™ and/or R® independently can have the same number of carbon
atoms as the organy! groups which can be utilized as Rib, R‘""bﬁ R, R‘ib, R*R'bﬁ R st’ R‘q‘dﬁ R* and/or
R™. Hydrocarbyl groups (substituted or substituted) are generally disclosed within the present
disclosure (e.g. as a sclection for R™, for the monocarboxylate having the fornula “0,CR™ and/or as a
selection for R', RS, R, Y &%, RS, &7, ®Y RO R RY RY™ RP, or RY, among other places). The
aspects and embodiments of these hydrocarbyl groups described herein (either explicitly specified or
implicitly recognized by those skilled in the art), can be utilized without Unutation as hydrocarbyl

) a
3b 3 4b

groups which can be utilized as R™, R™°, R, and R™ (of the tetrahydrocarbylammonium cation
having the formala NRPRTRPR™), R R™, R™, and R™ {of the tetrahydrocarbylphosphonium cation
having the formula PRIR™RRM), R™ (of the tetrahydrocarbylammonium cation having formula

Sdy,

N(R™),), and R™ (of the tetrabydrocarbylammoenium cation having formufa P(R™),).

19263] o a non-limiting embodiment, each cationic specics fndependently can be, comprise, or
consist essentially of, tetramethylanmmonium (NMey ), tetracthylammonium (NEt ),

tetrabuty lammonium (NBuy ), or tetraphenylammoniiom (NPhy ). Tn some non-limiting embodiments,
cach cationic species can be, comprise, or consist essentially of, tetramethylammonium (NMe, "),
tetracthy laromonium (NEt'), or tetrabutylammmonium (NBuy'); altermatively, tetramethylammonium
(NMe,"); alternatively, tetracthylammonium (NEt;); alternatively, tetrabutylanumonium (NBuy); or
alternatively, tetraphenylanmonium (NPl ). In other non-limiting embodiments, each cationic
species can be, comprise, or consist essentially of, tetramethylphosphoniom (PMe,),
tetracthylphosphonium (PEt,"), tetrabutylphosphonium (PBuy ), or tetraphenyiphosphonium (PPhy ).
In yet other non-limiting embodiments, cach cationic species can be, comprise, or consist essentially
of, tetramethylphosphonium (PMe, ), tetracthylphosphonium (PEt), or tetrabutyiphosphonium
{PBuy"); alternatively, tetramethylphosphoniom {(PMe, ); alternatively, tetracthylphosphonium
{PEL"); alternatively, tetrabutylphosphonium (PBuy ); or alternatively, tetraphenylphosphonium

(PPh).

18204] QGenerally, when the transition metal complex has a pesitive charge (e.g. having the fornmmls

M) X L) Tl Clot [A e, LM 1 K L) ™ fA Tz, (ML) L[ A o, [(MPXLL )™ 1 C L [A o,



21pERIPOT
WO 2013/089963 81 PCT/US2012/065289

[(NigxxLé’,\?m}OiAa]m?.ﬁ [(U\’EB)}’]XM}m}q[cc}mi[Aa}m?.ﬁ [((E\’E:Ek;%ﬂxxl >m]q[‘ ajmb E(N{BXx/mq[Cc}mi{Aa]m?.ﬁ

and/or [((MPX,Y"1,[A%].0, among others described herein where m can be positive), the positive charge
of the transition metal complex can be balanced by an anionic specie(s) to provide a neutral transition
metal precursor. Generally, the transition metal precursor can be described using any compatible
combination of transition metal(s) (M®} described herein, oxidation state of the transition metal(s) (x)
described herein, number of transition metals (v1) described herein, anionic ligand{(s) (X) described
hevein, charge of the anionic higand(s) (v} deseribed herein, number of anionic ligands (x1) described
herein, neutral ligand(s) (L} described herein, mumber of neutral ligands (¢} described herein, charge
of the transition metal complex{es) (m) described herein, nummber of anionic metal complexes (g
described herein, cationic specie(s) {(C) described herein, change on the anionic specie(s) (a) described

herein, and number of anionic specie(s) (m2) described hergin,

18285] Generally, when the transition metal precursor (general or specific comprises at feast one
aniounic species, the charge, a, of cach cationic species, A, independently can be an integer ranging
from -1 to -3 or alternatively, an integer ranging from -1 to -2, In an embodiment, the charge, a, of
each cationic specics, A, ndependently can be -1; alternatively, -2; or alternatively, -3, Generally, the

charge, a, of the cationic specie, A, 1s apparent by the identity of the cationic specie.

[8286] Generally, the nomber of anionic species, m2, in the transition metal precursor can be an
integer ranging from o 5. In an embodiment, w2, in the transition metal precursor can be an integer
ranging from 0 1o 4; alternatively, 0 to 3; altersatively, 0 to 2; aliernatively, 1 to 5; alternatively, 1 to
4; alternatively, 1 1o 3; or alternatively, 1 t0 2. In an embodiment, m2, in the transition metal
precursor can be §; alternatively, 1; alternatively, 2; alternatively, 3; altematively, 4; or alternatively,

~

2.

182¢7] The number of anionic specie(s}), m2, in the transition metal precursor can be a function of
the charge on the transition metal complex{es) (m), the ramber of transition metal complexes (g}, the
anionic specie(s), and the charge (a) on the anionic specie(s). When the transition metal complex is
cationic, the number of cationic transition metal complex{es) (g} having charge m and the number of
anionic specie(s) (A) having charge a can be related by the equationm * q ={a * m2|. Insome
embodiments when the transition metal complex is cationic, the mumber of cationic transition metal
complex{es}, q, can be related to the charge on the cationic transition metal complex{es) (m), the
antonic specie(s) {(A), and the anionic specie(s) charge (¢) by the relationship that g = |a] divided by
the greatest comamon divisor of [a] and m. In some embodiments when the transition metal complex is
cationic, the number of anionic specie(s}, mZ, can be related to the charge on the cationic transition
metal complex{es) (), the antonic specie(s) (A), and the amionic specie(s) charge (¢) by the

relationship that m2 = |m| divided by the greatest common divisor of

al and m.



21pERIPOT
WO 2013/089963 82 PCT/US2012/065289

[8288] In an aspect, each anionic species, A, which can be wtilized in a transition metal precursor
independently can be, but s not limited to, halide, hypohalite, halite, halate, perhalate, nitrate, niirite,
sulfate, sulfite, bisulfate, phosphate, cyanide, cyanate, thiccyanate, a hexahalophosphate, a
tetrabaloaluminate, a hexahaloaluminate, hexahalosilicate, metaborate, tetraborate, a tetrahaloborate,
or a tetraorganylborate. In an embodiment, cach anionic species, A, independently can be a halide,
nitrate, sulfate, phosphate, cyane, a hexahalophosphate, a tetrahaloborate, or 3 tetraorganyiborate;
alternatively, a halide, nitrate, sulfate, or phosphate; alternatively, a halide; alternatively, a hypohalite;
alternatively, & halite; aliornatively, a halate; altomatively, a perhalate; alternatively, a nitrate;
alternatively, a nitrite; alternatively, a sulfate; alternatively, a suifite; alternatively, a bisulfate;
alternatively, a phosphate; alternatively, a phosphite; akiernatively, a cyanide; altermatively, a cyanate;
alternatively, a thiocyanate; alternatively, a hexahalophosphate; alterpatively, a hexahaloaluminate;
alternatively, hexahalosilicate; alternatively, a metaborate; alternatively, & tetraborate; alternatively, a
tetrahaloborate; or alternatively, a tetraorganylborate. When the amonic species is a halide, a
hypohalite, a halite, a halate, perhalate, nitrate, nitrate, bisulfite, cvanide, cyanate, thiocvanate, a
tetrahaloaluminate, 3 hoxahalophosphate, metaborate, tetrahaloborate, or a tetraorganylborate, the
charge, a, on the anionic specic is -1. When the anionic specices is & sulfate, sulfite, hexahalosilicate,
or tetraborate, the charge, a, on the anionic specie is -2, When the anionic species s a phosphate, or

hexahaloaluminate, the charge, a, on the anioni¢ specie is -3,

{8209  In an embodiment, the halide anionic species can be, comprise, or consist essentially of,
fluoride, chloride, bromide, or todide; alternatively, fluoride; alternatively, chloride: alternatively,
browide; or alternatively, iodide. 1o an cmbodiment, the bypohalite snionic species can be
hypofluorite, hypochlorite, hypobromite, or hypoiodite; aliernatively, hypofluorite; aliernatively,
hypochlorite; alternatively, hypobromite; or alternatively, hypoiodite. In an embodiment, the halite
anionic specics can be, comprise, or consist essentially of, fluorite, chlorite, bromite, or iodite;
alternatively, fluorite; altemnatively, chiorite; alternatively, bromite; or aliernatively, lodite. 1o an
embodiment, the halate anionic species can be, comprise, or consist essentially of, fluorate, chlorate,
bromate, or wodate; alternatively, fluorate; alternatively, chlorate; alternatively, bromate; or
alternatively, iodate. In an embodiment, the perhalate anionic specics can be, comprise, or consist
essentially of, perfluorate, perchlorate, perbromate, or periedate; aliernatively, perfluorate;
alternatively, perchlorate; alternatively, perbromate; or alterpatively, periodate. Tn an embodiment,
the hexahalophosphate antonic specics can be, comprise, ot consist essentially of, hexafluorphosphate,
hexachlorophosphate, hexabromophosphate, or hexatodophosphate; alternatively,
hexafluorpbosphate; alternatively, hexachlorophospbate; alternatively, hexabromophosphate; or
alternatively, hexaiodophosphate. 1n an embodiment, the hexahaloalunirate anjonic specics can be,
comprise, or consist essentially of, hexafiuoroaluminate, hexachloroaluminate, hexabromeoaluminate,

or hexalodoalominate; alternatively, hexafluoroaluminate; alternatively, hexachloroaluminate;
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alternatively, hexabromoalominate; or alternatively, hexaiodoaluminate. In an embodiment, the
hexahalosilicate anionic species can be, comprise, or consist essentially of, hexafluorosilicate,
hexachlorosilicate, hexabromosilicate, or hexaiodosilicate; alternatively, hexafluorosilicate;
alternatively, hexachlorosilicate; alternatively, hexabromosilicate; or aliernatively, hexatodosilicate.
In an embodiment, the tetrahaloborate anionic species can be, comprise, or consist essentially of,
tetrafluoroborate, tetrachloroborate, tetrabromoborate, or tetraiodcborate; alternatively,
tetrafluoroborate; altornatively, tetrachloroborate; aliernatively, tetrabromoborate; or aliernatively, or

tetraiodoborate,

{6216]  In an aspect, the tefraorganylborate anion can have the formula BRERR™RY, In another
aspect, the tetraorganylammonium cation can have the formula B(R™®),. Within the tetraorganyiborate
anion having the formula BR'SR*R*R" and the tetraorganylborate anion having the formala B(R®),,
R R R R™ and/or R independently can be a C1-Cyy organyl group; alternatively, Ci-Cis
organyi group; C1-Cyy organyl group; or alternatively, C;-Cs organyl group. In an embodiment, cach
organyl group which can be utilized as R'®, R™, R™ R*, and/or R™® independently can be a
hydrocarbyl group or a substitoted hydrocarbyl group; alernatively, a hydrocarbyl group; or
aiternatively, a substituted hydrocarbyi group. Generally, the hydrocarbyl group and/or substituted
hydrocarby! group which can be utilized as R'%, R™, R R* and/or R’ independently can have the
same number of carbon atoms as the organy] groups which can be utilized as R'®, R™, R™® R*, and/or
R, Hydrocarbyl groups (substituted or substitated) are generally disclosed within the present
disclosure (¢.g. as a sclection for R™, for the monocarboxylate having the formula "O,CR™ and/or as a
selection for R, R,zﬂ R, R,ﬂ R, Ri R, R,aﬂ R" R 09 R R, R,]39 or RY, among other places). The
aspects and embodiments of these hydrocarby! groups described herein (either explicitly specified or
implicitly recognized by those skilled in the art), can be utilized without limitation as hydrocarbyl
groups which can be utilized as R'%, R*8, B¢, and R* (of the tetraorganylborate anion having the
foroula BR'SRRPRS) and R™ (of the tetrahydrocarbylammonium cation having formula N(R™)),

and R’ {of the tetraorganyviammonium cation having the formula B(R %)),
X = J 5 \ 14,

18218} In a non-luotting erobodinment, cach tetraorganyiborate anion which can be utilized as the
anionic species independently can be, comprise, or consist essentially of, tetraphenylborate,
tetrakis{para-tolyliborate, tetrakis[3,S-bis(trifluocromethyDphenyitborate, or
tetrakis{pentafluorophenybiborate. In some other non-limiting ermbodiments, cach tetraorganylborate
anton which can be utihized as the anionic species independently can be a tetraphenylborate;
alternatively, tetrakis(para-tolyDborate; aliematively, tetrakis{3,5-bis(inifluoromethylphenyl jborate;
or alternatively, tetrakis(pentafluorophenyliborate.

18212] In an aspect, the transition metal precursor can have the formuila

I{ (I‘»’EB)YI KL L IC T [A e, The travsition metal { M) baving an oxidation state of %, the number

of transition metals having an oxidation state of x {v1), the antonic ligand {¥X) having a charge of v,
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the number of anionic lgands having a charge of y (x1), the neutral ligand (L), the number of neutral

11[

ligands (¢), the charge {m) on the transition metal complex (M), XL}, the number (g) of
transition metal complexes (M), X, L,)™, the cationic species (C) having charge ¢, the number of
cationic species having charge ¢ (a1}, the andonic species (A) having charge a, and the number of
anionic species having charge a (m2) are independently described herein. These independent
descriptions can be utilized in any compatible manner and/or combination to further deseribe the
transition metal precursor having the formula [{( e WXL "l [Colu A . i the aspect where the
transition metal precursor can have the formule [({ MB}y;XX]L{}m]q[Cf"]m}[Aaj“% the fornwls
[((I\/IB)},; L) L IC Tl A o can encompass general transition metal precursors having an anionic
transition metal complex (i.e. m having any value, or any value range, disclosed wherein where m < €,
mi having a value, or range value, disclosed herein where md > 0, and m2 =), having a cationic
transition metal complex (1.e. m having any value, or any valae range, disclosed wherein where m > 0,
= {}, and m? having any value, or any valoe range, disclosed herein where m2 > 0}, and/or having
3 neutral transition metal precursor {Le. m = 0, ml = 0, and m2 = (). General and specific transition

1

. 5. , N - . .
metal precursors having the formula [{((M ) X0 L) g [C Tmi [A e can be described using aspects and
embodiments of the present disclosure. These general and specific transition metal precursors are

readily apparent and conteraplated.

{8213] When cach X of the transition metal precursor having the formula

[((]\«f{B)y'1 Ko Ly 1 CTmi [A 2 Is a monoanionic ligand, the transition metal precursor can have the
formula [{ MBXMLg)m]q[(‘.“}m (A" In the aspect where the transition metal precursor can have the
formula [(MPX, L)™,iC 1l il A o, the fornwla FMPN L™ {C T [A%, can encompass general
transition metal precursors having an antonic trapsition metal complex (i.c. m having any value, or
any value range, disclosed wherein where o <0, mi having any value, or any value range, disclosed
herein where ml > 0, and m?2 = (), having a cationic transition metal complex (i.e. m having any
value, or any value range, disclosed wherein where m > 0, m1 = 0, and m?2 having any value, or any
value range, disclosed hercin where m2 > ), and/or having a neutral transition metal precursoer (Le.
m={, ml =0, and m2 = (). General and specific transition metal precursors having the formula
[(MP X L)1 fC o [A% g can be described using aspects and embodiments of the present disclosure.

These zeneral and specific transition metal precursors are readily apparent and contemiplated.
é o

18234] v a non-limiting embodiment, the transition maetal precursor having the formula

(M), 3 L™ L C T [A e oF the formula [(MPX L) 1, [Clmi [A%n can be, comprise, or consist
essentially of, an anionic transition metal complex which bas a relationship between the anionic
transition metal complex, the cationic specie(s), and the anjonic specie wherein m can have any value
{or value range) disclosed herein where m <4}, ¢ and ¢ independently can have any value (or value

range} disclosed hercin where g = ¢ divided by the greatest common divisor of ¢ and fmj, ml can have
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4]

any value {or value range) disclosed herein where ml = |m| divided by the greatest common divisor of
¢ and jmi, and m2 = §. In another non-limiting embodiment, the transition metal precursor having the
formula [((M” KoL) gl C et [A e oF the formula [{L\/E'BXMLn)m]q[(fc]ml [A"lnz can be, comprise, or
consist essentially of, a neutral transition metal complex which has a relationship between the anionic
transition metal complex, the cationic specic, and the anionic specie wherein m = ¢, mi =0 and m2 =

(. In yet another non-limiting embodiment, the transition metal precursor having the formula
{(&M&)‘, X L) I C T [A e or the formula [&\is}x\ng}“‘ 1C i [An can be, comprise, or consist
essentially of, a cationic transition metal complex which has a relationship between the cationic
transition metal complex, the cationic specie, and the amionic specie{s) wherein m can have any value
{or value range) disclosed herein where m > 0, g and 8 independently can have any value (or value
range) disclosed herein where g = |a] divided by the greatest common divisor of m and {a), ml =, and
mZ can have any value {or value range) disclosed hercin whore m2 = m divided by the greatest

common divisor of m and |al.

[8215] In an aspect, the transition metal precursor can have the formula [((I\/ifg)y}XX;Lg)m]q{C':}ml.
The transition metal (M") having an oxidation state of x, the number of transition metals having an
oxidation statc of X {y1), the anionic ligand (X} baving a charge of v, the number of anionic Hgands
having a charge of y (x1), the neotral Hgand (L), the number of neutral ligands {(¢), the charge (m) on

gl

the transition metal complex (M”) XL}, the number (q) of transition metal complexes

({M™), X, L™, the cationic species (C) having charge ¢, and the number of cationic species having
charge ¢ (m1} are independently described herein. These independent descriptions can be utilized in
any compatible manner and/or combination to further describe the transition metal precursor having
the formula [({ \M WXL " 1fC . I the aspect where the transition metal precursor can have the
formula [((MB) 1 KL "1 [C o, the formula [((\/ip)v.}x\]L Y 1 [C can encompass general
transition metal precursors having an anionic fransition metal complex (i.c. m baving any value, or
any value range, disclosed wherein where m <0, m1 having any value, or any value range, disclosed
herein where ml > 0). In an embodiment, the transition metal precursor having the formuila

(M) X L 1 C ) can encompass general transition metal precursors having an anionic
transition metal complex which has a relationship between the anionic transition metal complex and
the cationic specie{s} wherein m can have any value (or value range) disclosed herein where m < {, g
and ¢ independerdly can have any value {or value range) disclesed herein, where g = ¢ divided by the
greatest common divisor of ¢ and [m|, and m1 can have any value {or value range) disclosed herein
where mi = m| divided by the greatest common divisor of ¢ and Im|. In an embodiment, the transition
metal precursor having the formula [ (MB‘;y (K1l I C T can encorapass general transition metal
precursors having an aniomie transition metal complex wherein m can any value, or any value range,

disclosed wherein where m <O and m = (X * y1) + {y * x1). As a consequence of the conditions that
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m<0andm=(x* yl}+ {y * x1), x1 can be any positive integer disclosed herein that satisfies the
equation x1 > (x * y1}3/ v} (using any value of x, vy and y disclosed hercin) and/or yi canbe a
positive integer and satisfies the equation v1 < {vi * x1} / x (using auy value of x, x1 and y disclosed
herein). In some embodiments, x1 can range from the mindnumm positive integer that satisfies the
equation x1 > {x ¥ y1}/ Iyl (using any value of x, y1 and v disclosed herein) to any value of xi
provided herein that is greater than the minimum positive integer that satisfies the equation

xI>{x*vyh)/

v| (using any value of x, y1 and y disclosed herein). In some embodiments, y1 can
range from any value of v1 disclosed herein to any positive integer that satisfies the equation y1 <{Jy|
¥ x1})/ x (using any value of x, xi and y disclosed herein). Regardless of the valaes of x1, v1, and m,
the number of neutral ligands (7} in the transition metal precursor having the formula the

F{M 3 X L) " 1ofC o can be any valae, or any value range, disclosed herein. General and specific
transition metal precursors having the foroma [((MP),: X L)1 C a1 can be described using aspects
and cmbodiments of the present disclosure. These general and specific transition metal precursors are

readiiy apparent and contemplated.

[8216] When cach X of the transition metal precursor having the formula [{{ MB)y} Kl " iC a1
a monoanionic figand the transition metal precursor can have the formula [(MBXXng)qu[CC]m], In the
aspect where the transition metal precursor can have the formula [(M°X, L™ [C%m (where cach X
15 & monoanionic ligand), the formula i{ I\/iBXX}Lg)”’}q [C°lu1 can encoropass general transition metal
precursors having an anionic transition metal complex (i.e. m having any value, or any vahie range,
disclosed wherein where m <0, mi having any value, or any value range, disclosed hercin where

mi > ). Inthe aspect where the transition metal precursor can have the formula M L 1lChm
{where each X is a monoanionic Hgand), the formula [{ MBXX]I,I{)m]q[(‘.“]m can sncompass general
transition metal precursors having an antonic transition metal complex which has a relationship
between the anionic transition metal complex and the cationic specie(s) wherein m can have any value
(o1 value range) disclosed herein where m < 0, q and ¢ independently can have any value {or value
range) disclosed herein, where g = ¢ divided by the greatest common divisor of ¢ and fm, and m1 can
have any value {(or value range) disclosed herein where m1 = jm| divided by the greatest common
divisor of ¢ and im|. In an embodiment, the transition metal precursor having the formula

I MEX, L™ C%un (where cach X is a monoanionic ligand) can cocompass general fransition noetal
precursors having an anionic transition metal complex wherein m can any value, or any value range,
disclosed wherein where m <0 and m = x - x1. As a consequence of the conditions that m < 0§ and

m =X - x1, x1 can be any positive integer disclosed herein that satisfics the equation x1 > x {using any
value of x disclosed herein). In some embodiments, x1 can range from the minimum positive integer
that satisfies the equation x1 > x {using any value of x disclosed herein) to any valoe of x1 provided

herein that is greater than the miniman positive integer that satisfies the equation x1 > X (using any
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value of x disclosed herein). Regardless of the values of m or x1, the number of neuiral Hgands (/) in
the transition metal precursor having the formula the [(M X L™ [CTm (where cach X is a
monoanionic ligand) can be any value, or any value range, disclosed herein. General and specific
transition metal precursors having the fornula [(M°X,, L IC et (where each X is a monoanionic
ligand) can be described using aspects and crubodiments of the present disclosure. These general and

specific transition moctal precursors are readily apparent and contemplated.

{8217)  ln a non-limiting em budiment, the transition metal precursor can be, comprise, or consist

essentially of, [CTI{TICL(THF ) L.

M

11 this non-Hmiting embodiment, C can be any cationic species
having charge ¢ described herein, and g = ¢. In some embodiments, the transition metal precugsor
having the formula [CP){(TICL(THF )7_)"’]q can be, Cﬂmprise, or consist esseniially of, Na;CrCls or
LiCr(ly; alternatively, Na;Cr(l: or alternatively, LiCrCly. Other general and specific transition metal
precursors having the formula [((M™)a XLk ot Can and/or | FOMPL L™ 1 [C T can be deseribed
using aspects and embodiments of the present disclosure. These general and specific transition metal

precursors are readily apparent and contemplated.

[8218]  Tn an aspect, the transition metal precursor can have the formnila [((MB)Y1 Kt L™ A e
The transition metal {M") having an oxidation state of x, the number of transition metals having an
oxidation state of x (y1), the anjovic ligand (X} having a charge of v, the number of anionic ligands
having a charge of y (x 1), the newtral Hgand (L), the munber of neutral ligands {£), the charge (m) on
the transition metal comples (M™% 1L,)", the number (q) of fransition metal complexes
({M"},;1 X L)", the anionic species (A} having charge a, and the number of anionic species having
charge a (m2) are independently described herein. These indepondent descriptions can be utilized in
any compatible manner and/or combination to further describe the transition metal precursor having
the formula [((M™),: X L) A . o the aspect where the transition metal precursor can have the
formula [((MB)in“LQ JabA e, the formula [({ MB)v]X L™ [A% can encompass general
transition metal precursors having a cationic transition raetal complex (L.e. m baving any value, or any
value range, disclosed wherein where m > ), and m2 having any vahie, or any value range, disclosed
herein where m2 > 0). In an embodiment, the trapsition metal precursor having the formela
(M) X L)1 [ A% o can encompass general transition metal precursors having a cationic transition
metal complex which has a relationship between the cationic transition metal complex and the antonic
specie(s) wherein m can have any value {or vahie range} disclosed herein where m > 0, g and a
independently can have any value (or value range) disclosed hevein where g = || divided by the

greatest comamon divisor of

al, and ;2 can bave any value (or value range) disclosed hercin

where m2 = m divided by the greatest common divisor © al. In an embodiment, the transition

metal precursor having the formula [{((M7), X Lo ] [A . can encompass general transition metal
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precursors having a cationic transition metal complex wherein m can any vahie, or any value range,
disclosed wherein wherem > Qand m = (X ¥ y 1) + {y * x1}. As a consequence of the conditions that

m >0 andm = (x * y1} + (y ¥ x1), x| can be any positive integer disclosed hercin that satisfies the

equation x1 <{x ¥ y1} / Iyl (using any value of x, yI and y disclosed herein) and/or yi canbe a

positive integer and satisfies the equation y1 > (v} * x1} / x {using any valie of x, x1 and y disclosed
herein). In some embodiments, x1 can range from 0, or any x1 valoe disclosed herein less than that
which satistics the equation x1 <(x * y1}/ |y| {using any value of x, v1 and y disclosed herein) to any
value of x1 provided herein that satisfies the equation x1 < {x * v1}/ ly| (using any value of x, v1 and
y disciosed herein). In some embodiments, yi can range from any value of y1 disclosed herein that
satisfies the equation y1 > (fyl * x1) / x {using any value of x, x1 and v disclosed herein) to any value

disclosed herein that is greater than a value that satisfies the equation y1 > (

v * x1}/ x {using any
value of x, x1 and y disclosed herein). Regardless of the values of x1, v, and m, the number of
neutral ligands (¢} in the transition metal precursor having the formula the {{ (MB)y]Xxl L™ [A e can
be any value, or any value range, disclosed herein, General and specific transition metal precursors
having the formula [((MB)yi XLy 1 i A% can be described using aspects and embodiments of the
present disclosure. These general and specific transition metal precursors are readily apparent and

contemplated.

{6239 When each X of the transition metal precursor having the formula [((MB Yo X L 1A e
15 a monoanionic ligand the transition metal precursor can have the formula {{ MUK LA . I
the aspect where the transition metal precursor can have the formuls [(MBXXng)m]q[Aa}mg {where cach

ma

X is a monoanionic ligand), the formula [(M"X L)1 [A" . can encompass general transition metal

precursors having a cationic transition metal complex (i.e. m having any value, or any value range,
disclosed wherein where m > 0, 102 having any value, or any value range, disclosed herein where

m2 > 0). In the aspect where the transition metal precursor can have the formula [(M X, L)" 1 Az
(where cach X is a monoanionic higand), the formuda [(M° X L"), [A w0 can encompass general
transition metal precorsors having a cationic transition metal complex which has a relationship
between the cationic transition metal complex and the anionic specie(s) wherein m can have any value
{or value range) disclosed herein where m > 0, g and a independently can have any value {or value
range) disclosed herein, where q = a (the charge of the anionic species) divided by the greatest
comumon divisor of m and lal, and m?2 can have any value (or vahie range) disclosed herein where m2
= m divided by the greatest common divisor of m and al,  As a consequence of the conditions that

m > 0 andm = x - x1, x1 can be any positive mteger disclosed hercin that satisfics the equation

x1 < x (using any value of x disclosed herein). In some embodiments, x1 can range from 0, or any x|
value disclosed herein less than that which satisfies the equation x1 < x (using any value of x

disclosed herein) to any value of x1 provided berein that satisfies the equation x1 < x (using any value
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of x, vy and v disclosed herein). Regardless of the values of xiand m, the number of neotral ligands
(£} iv the transition metal precursor baving the formula the [(M™X1 L) 1[A e (where each X is a
monocanionic ligand) can be any value, or any value range, disclosed herein. General and specific
transition metal precursors having the formula [(M"X,; L) fA  w (Where each X is 2 monoanionic
ligand) can be described using aspects and embodiments of the present disclosure. These general and

specific transition metal precursors are readily apparent and conteraplated.

[8228] In a non-limiting embodiment, the transition metal precursor can be, comprise, or consist
essentially of, [(TiClL(THF )4)“}“1 [A%]. In this non-limiting embodiment, A can be any anionic species
having charge a described herein and wherein g = [a|. Other goneral and specific transition metal

ma
H

2E AT and/or [(MPX L) 1[A w0 can be desceribed

34q

precursors having the formula [{ (M )XlxﬂLg) 12

using aspects and embodiments of the present disclosure. These general and specific transition matal

precursors are readily apparent and contemplated.

[8228] In an aspect, the transition metal precursor can bave the formuia [(MbL 3 1a[A e The
transition metal (M) having an oxidation state of x, the neutral ligand (L), the number of neutral

il

ligands (), the charge (m) on the transition metal complex (M”L,)™, the number (q) of transition
metal complexes (M°L,)", the anionic species (A) having charge a, and the number of anionic species
having charge a (m2) are independently described herein. These independent descriptions can be
wtilized in any compatible mamer and/or combination to further describe the transition metal
precursor having the fornuata [(MPLA"1.[Aae. o the aspect where the transition metal precursor can
have the formula [(M°L)™ A . the formula [(MPL)™1,[A" . can encompass general transition
metal procursors having & cationic transition metal complex (i.e. m having any value, or any value
range, disclosed wherein where m > 0, and m2 having any value, or any value range, disclosed herein
where m2 > ). Generally, the transition metal precursor having the fornwla [(MPL ™ [A w0 can
encompass general transition metal precursors having a cationic transition metal complex where

m = x and the number of cationic transition metal complex(es) {(q) having charge m {or x} and the

number of anionic specie(s) (A) having charge a can be related by the equation m * g =|a * m2| {or

X *g=la*m2|. Insome cmbodiments when the transition metal precursor has the formula

R me .
[(MLL) A 1, the number of catiomic transition metal complex{es), ¢, can be related to the charge
on the cationic transition metal complex(es) (m or x}, and the anionic speciels) charge (¢} by the

relationship g = |a] divided by the greatest common divisor of m{or x) and jal. In some embodiments

when the transition metal precursor has the formula [(MPL ™1, [A%], the number of anionic

specie(s), m2, can be related to the charge on the cationic transition metal complex{(es) (1w or x), and
the anionic specie(s) charge, ¢, by the relationship m2 = m divided by the greatest common divisor of

m and al. In an embodiment, the transition metal precursor having the formuia [(M°L,Y 1[A
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encompass general transition metal precursors having a cationic transition metal complex wherein m
can any value, or any value range, disclosed wherein where m > 0 and m = x. Regardless of the
values of m, the number of neutral Hgands (/) in the transition metal precursor having the formula the
FMPL ™ lolA%n can be any value, or any value range, disclosed herein. General and specific

cmbodiments of the present disclosure. These general and specific trausition metal precursors are

readily apparent and contemplated.

{8222]  In a non-himiting embodiment, the transition metal precursor can be, comprise, or consist
essentially of, [(VINH o) Tyl A e, [V 1A, [ NH) Y 1 A e,

MCrNHD e 1 A s [(Co(NH)eY 1 iA e, o [{Co(NH)e) 1 [A% . In some non-limiting
embodiments, the transition metal precursor can be, comprise, or consist essentially of,

[(V(NH T, TA o or [(V(INH; 367 LA, alternatively, | (Cr(NH3)g) A or
HCrINHRe 1A ;s alternatively, [(Co(NHz)e) i A or F(Co(NHaeY 1l A% s alternatively,
[(VINH o) 1o [A o alternatively, [(VINH:)e) 1 fA 0: alternatively, [(Cr(NHRYe) T A% ma;
alternatively, [(Cr(NHz)g) 1A e alterpatively, =(£o(\H,,f,)7*_§ ‘A%ln; ot alternatively,

m?2 2

I CQ(NH;)@)”}Q [A%l.. Inthese non-fimiting embodiments, A can be any anionic specics having
charge a described herein, g = a (the charge of the anionic species) divided by the largest commmon

divisor of |a] and the charge, m, on the transition metal complex (M"L,)”, and m2 is the charge, m, on

the transition metal complex (MPL)™ divided by
on the transition metal complex (MPL )", Other general and specific transition metal precursors
having the formula [(MPL,) 10l A%w can be described using aspects and embodiments of the present
disclosure. These general and speeific transition metal precursors arce readily apparent and
contemplated.

1

18223}  In an aspect, the transition metal precursor can have the formula (M Hy XL, The
transition metal (M”) having an oxidation state of x, the number of transition metals having an
oxidation state of x (yv1), the anionic ligand (X)) having a charge of v, the number of anonic Hgands
having a charge of v (x1), the newutral figand (L), and the numaber of neutral Hgands (£) arc
mdependently described herein. These independent descriptions can be utilized n any compatible
manner and/or combination to firther deseribed the transition metal precursor having the formula

{ MB)wXﬁ L, In the aspect where the transition metal precursor can have the formula I\/iB)leX]Lﬁ, the
formula (M"), X, L, can encompass gencral transition metal precursors which is neutral transition
metal complexes (Le. m =0, mi =0, and m2 = (). When the transition metal precursor has the
formala (M"), X, L, the nomber of transition metal atoms (y 1) having the oxidation state x and the

number of anionic higands (A) having charge v can be related by the equation x *yi =y * x1l. In
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some embodiments when the transition metal complex of the transition metal precursor has the
formula (M”73, X0 Lo, the number of transition metal(s),y1, can be related to the transition metal
oxidation state (%) and the anionic ligand (X)) charge {y) by the relationship that v1 = |v| divided by the
largest common divisor of x and yl. In some embodiments when the transition metal complex of the
transition metal precursor has the formula ( MB)_YI Xal,, the number of anionic hgands, x1, can be
related to the trapsition metal oxidation state {x) and the anionic Hgand (X} charge (v) by the
relationship that x1 = x divided by the largest common divisor of x and |y|. Regardiess of the values
of x1and y1, the mumber of neutral ligands () in the transition metal precursor having the formula the
(M®),1 X1, can be any value, ot any value range, disclosed herein. General and specific transition
metal precursors having formula (M”), XL, can be described using aspects and embodiments of the
present disclosure. These general and specific transition metal precursors are readily apparent and

contemplated.

[8224]  When each X is a2 monoeanionic ligand, the transition metal precursor having the formula the
(M®);1X,:L, is a monoanionic ligand, the transition metal precursor can have the formula M X, L.
Regardless of the value of x, the number of neutral Higands (¢) in the transition metal precursor having
the formula the MUX, L, can bave any value, or any value tange, disclosed herein. General and
specific transition metal precursors having formula M®X,L, can be described using aspects and
embodiments of the present disclosure. These general and specific fransition metal procursors are

readily apparent and contemplated.

[8228] In anon-limiting embodiment, the transition metal precursor (or ransition metal complex)
which can beutilized in any aspect or any embodiment disclosed herein can be, comprise, or consist
essentially of, TICL(THF ), TiCHINCMelk, TiICEL(NMes)s, VOL{THE);, VCL{SMey ),
NbCh(tetrahydrothiophene)s, CrChL{NMes),, CrCli{pyridine)s, CrCL{THEF);, Mals(PMes),, or
FeCli{PEt:),. In some embodiments, the transition metal precursor {or transition metal complex)
which can be utilized in any aspect or any embodiment disclosed herein can be, comprise, or consist
gssentially of, TICKL{THF);, TICH(NCMe)s, or TiCh{(INMes)s; alternatively, VCL(THF); or
VCL{SMe, b; alternatively, CrCl{NMes),, CrCl(pyriding)s, or CrClL(THF); alternatively,
TiICL{THF », VCI{THF Y, CrCh{NMes )y, CrChipyridine)s, or Crl(THF);. In other non-limiting
embodiments, the transttion metal precursor (or transition metal complex) which can be utilized in
any aspect or any embodiment disclosed herein can be, comprise, or consist essentially of,
TiCL({THF),; alternatively, TICH(NCMe)s; alternatively, TiClh{(NMes)s; aliernatively, VCI{THF);;

alternatively, VCE(SMey); alternatively, NbCls(tetrabydrothiophene)s; alternanvely, CrChL{NMe;),;
alternatively, CrChi{pyridine)s; alternatively, CrCL{THF);; alternatively, Manh{PMes),; or
alternatively, FeChLi{PEt: ), In another embodiment, the transition metal precursor {or transttion metal

complex) which can be uttlized in any aspect or any cmbodiment disclosed herein can be, comprise,
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or consist essentially of, neutral chromiom(Ill} halide tetrabydrofuran complex, a neutral
chromivm{1Il} halide triydrocarbylamine complex, or a neutral chromivndIi]} halide pyridine
complex; aliernatively, a veutral chromium(lil) kalide tetrahydrofiman complex; ahernatively, a
neutral chromuum(HI) halide tribydrocarbylamine complex; or alternatively, a neutral chromiva(HT)
halide pyridine complex. Other general and specific transition metal precursors having the formula
(M”31 XL, and/or the formula MUX, L, can be described using aspects and embodiments of the
present disclosure. These general and specific ransition metal precursors are readily apparent and

contemplated.

18226] In an aspect, the transition metal precursors can have the formula

{(&M'B)\, ) 1 C T [A 0. The transition metal ( MB) having an oxidation state of x, the number of
transition metals having an oxidation state of x (v1), the anionic Hgend (X)) having a charge of y, the
number of anionic higands having a charge of y {(x1), the charge (i} on the transition metal complex
({M”)1X,)™, the namber (q) of transition metal complexes (M), X,,)™, the eationic species (C)
having charge ¢, the nomber of cationic species having charge ¢ (m1), the anionic specics (A) having
charge a, and the vumber of aniouic specics having charge a (m?) are independenily described herein.
These independent descriptions can be utilized in any compatible manner and/or combination to
further describe the transition metal precursor having the formula {((\Ib)}l}& I T (A . Inthe
aspect where the transition metal precursor can have the formula [((M™), X)) C i [A% o, the
formula [((MB) 1K) I i [A e can encomipass general transition metal precursors baving an
anionic fransition metal complex (Le. m having any value, or any value range, disclosed wherein
where m < 0, ml having any value, or any value range, disclosed herein where mi > 0, and m2 = (3},
having a cationic transition metal complex (i.e. m having any value, or any vahue range, disclosed
wherein where m > {}, m1 =, and m? having any value, or any value range, disclosed herein where
m?2 > 0}, and/or having a neutral transition metal precursor (.. m =0, ml =0, and m2 = ). General
and specific transition metal precursors having the formula [{ {MB)},; K LiCImi[A e can be
described using aspects and embodiments of the present disclosure. These general and specific
fransition metal precursors are readily apparent and contemplated.

18227} When each X of the transition metal precursor having the formula

E_(‘\N{ )\ xl\fh]q- (“(}

formula [(MPX )™, IC Tmi[A . In the aspect where the transition metal precursor can have the

=1 LA e 18 @ monoanionic figand the transition metal precursor can have the

formula [(M X, )™ C T [A T, the formuda [(M X} 1[C

L...J

mi [ A can encompass general
transition metal precursors having an aniownic transition metal complex (i.c. m baving any value, or
any valuc range, disclosed wherein where m <), m1 baving any value, or any value range, disclosed
hervein where ml > 0, and m2 = (), having a cationic transition metal complex (i.e. m having any
value, or any value range, disclosed wherein where m > 0, m1 = {}, and m2 having any value, or any

vafue range, disclosed herein where m2 > (), and/or having a neutral transition metal precursor (i.c.
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m =0, ml =0, and m2 = 0). General and specific transition metal precursors having the formula
[(R/iigxxl)quicc}m] [A™], can be described using aspects and embodiments of the present disclosure.
These general and specific transition metal precursors are readily apparent and contemplated. Ina
non-lmiting embodiment, the transition metal precursor having the formula
[((M”),Xv I i [A e o the formula [(“\A'” ) 1l C i [A)n can be, comprise, or consist
cssentially of, an anionic transition metal complex which has a relationship between the anionic
transition metal complex, the cationic specie(s), and the anionic specie wherein m can have any value
{or valuc range) disclosed herein where m < 0, g and ¢ independently can have any value {or value
range) disclosed herein where g = ¢ divided by the greatest common divisor of ¢ and jm, m1 can have
any value {or value range) disclosed herein where ml = |m| divided by the greatest common divisor of
¢ and jmf, and m2 = 0. In another non-iimiting cmbodiment, the fransition metal precarsor having the
formula [{(] M ¥ ) gl C et LA e oF the formula [(M X&]‘f’jq[ Tui[ A% can be, comprise, or
consist essentially of, a neutral transition metal complex which has a relationship between the anionic
transition metal complex, the cationic specie, and the anionic specie whereinm =0, ml =0 and m2 =
G. In vet another non-Hmiting embodiment, the transition metal precursor having the formula
M)y X )] £C7]

essentially of, a cationie transition metal complex which has a relationship between the cationic

wt[A T oF the formula [OMPX Y " Ci [Aw2 can be, comprise, or consist
transition metal complex, the cationic specie, and the anionic specie(s) wherein m can have any valoe
(o1 value range) disclosed hevein where m > 0, q and a independently can have any value {or value

range) disclosed herein where g =

al divided by the greatest common divisor of 1o and |a|, m1 =0, and
m2 can have any value {or valoe range) disclosed herein where m2 = m divided by the greatest

common divisor of m and |al.

{8228} In an aspect, the transition metal precursor can have the formula [{(M™), X, Y"1 [Ca

The transition metal (M”) having an oxidation state of x, the number of transition metals having an
oxidation statc of x (yi ), the anionic igand (X} baving a charge of v, the number of anionic Hgands
having a charge of v (x1), the charge (m) on the transition metal complex (M®),:X.1)", the number

J’J’J

(q) of transition metal complexes (M"), X", the cationic species () having charge ¢, and the
number of cationic species having charge ¢ (m!) are independently described herein. These
independent descriptions can be utilized in any compatible manner and/or combination to further
describe the ransition metal precursor having the formula | (M s} L [C . 1o this aspect, the
formala [{(M),:X0)"™,[C T can encompass general transition metal precursors having an anionic
transition metal complex (1.e. m having any value, or any vahie range, disclosed wherein where m < 0,
m] having any vahie, or any value range, disclosed herein where mi > 0). In an embodiment, the
transition metal precursor having the formula [((M,B)y] XY [T can encompass genceral transition
metal precursors having an antonic transition metal complex which has a relationship between the

anionic transition metal complex and the cationic specie{s) wherein m can have any value (or value
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range) disclosed herein where m < 6, q and ¢ independently can have any value (or value range)
disclosed herein, where q = ¢ divided by the grestest common divisor of ¢ and [mj, and m1 can have
any value (or value range) disclosed herein where mi = Jm| divided by the greatest commaon divisor of
¢ and mi. In an embodiment, the transition metal precursor having the formulda | ((MP’) D, i PR g !
can encompass general trapsition metal precursors having an anionic transition metal complex
wherein m can any valoe, or any value range, disclosed wherein wheve m < 0 and

m={x *yi}+ (v ¥ x1). Asaconsequence of the conditions thatm <O andm =(x ¥ y1) + {y * x1),

x 1 can be auy positive integer disclosed hercin that satistics the equation x1 > (x * y 1}/ ly| {using any
value of x, y! and y disclosed herein) and/or y1 can be a positive integer and safistics the equation yi
={ly

from the minimum positive integer that satisfies the equation x1 > (x * yv1}/ ly| (using any value of x,

* x1)/ x {using any value of x, x1 and y disclosed herein). In some embodiments, x1 can range

v and y disclosed herein) to any value of x1 provided hercin that is greater than the minimum
positive mteger that satisfies the equation x§ > (x ¥ y1}/ ly| (using any valoe of x, y1 and y disclosed
herein). In some embodiments, yi can range from any valoe of vl disclosed herein to any positive
integer that satisfies the equation y1 < (ly| * x1)/ x {using any valuec of x, x1 and y disclosed herein).
General and specific transition metal precursors having the formula [{( M ¥ ) g IC e can be
described using aspects and embodiments of the present disclosure. These general and specific

transition metal precursors are readily apparent and contemplated.

111 r

[6229] When each X of the transition metal precursor having the formula [(M” Y X)) 1 C T is
monoanionic ligand the fransition metal precursor can have the formula [(M‘ KoV Cn. Inthe
aspect where the frangsition metal precursor can have the formula {{ M¥X, "1 Cn (where cach X is

a moneanonic ligand), the formula [(L\/E'BXX])‘“]C[[( i can encompass general fransition metal

mi
procursors having an anionic transition metal complex (f.e. m having any value, or any valae range,
disclosed wherein where m < 0, m1 having any value, or any value range, disclosed herein where

ml > {}). In the aspect where the transition metal precursor can have the formula [(MPX V1 [C 0
(where each X is a monoanionic ligand), the formula [(M°X,1)"],{C s can encompass general
transition metal precursors having an antonic transition metal complex which has a relationship
between the anionic transition metal complex and the cationic specie(s) wherein m can have any value
(o1 value range) disclosed herein where m < 0, q and ¢ independently can have any value {or value
range) disclosed herein, where g = ¢ divided by the greatest common divisor of ¢ and fm|, and m1 can
have any value {(or value range) disclosed herein where m1 = jm| divided by the greatest common
divisor of ¢ and im|. In an embodiment, the transition metal precursor having the formula
[(MPX,)"1fC o (where each X is a monoanionic ligand) can encompass a general transition metal
precursors having au anionic transifion metal complex wherein m can be any value, or any value
range, disclosed wherein where m <0 and m = x - x1. As a consequence of the conditions that m < §

and m = x - x}, x1 can be any positive integer disclosed herein that satisfies the equation 11 > X {using
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4]

any value of x disclosed herein). In some embodiments, x1 can range from the ninimum positive
integer that satisfies the equation x1 > x (using any valoe of x disclosed herein) to any value of x1
provided herein that is greater than the minimur positive irdeger that satisfies the equation x1 > x
{using any value of x disclosed hercin}. General and specific transition metal precursors having the

formala [((M™),, X )"0

[Ct {where each X is a monoanionic ligand) can be described using aspecis
and embodiments of the present disclosure. These general and specific transition metal precursors are

readily apparent and contemplated.

18238] In a non-limiting crobodiment, the transition metal precursor which can be utilized in any
aspect or any embodiment disclosed herein can be, comprise, or consist cssentially of,

(€T [CTHON 6 Tt TC T FOVOL) gty 1€ HCC1 T, TC T HCHCON)) Tyt [C Tt [(MnClY T
[C Tt [{MBF D) T, [CTmt [MBF ) Tt TC Tt [OMBF Y Ty, [C T I(FeFe) Tan [C Tm [(FaCly) 1y,
[Cm [(FeCle) L, [Cm [(Fely)! s 17 Jet H{CO(CNYY lq, 01 [CL(C oFe) ] lq1; alternatively,
fC%%m [f(i(uh)1 ot O [{CHCh T){,)"'] s alternatively, [C7 [MRCEY Ny, [CTmi(MRED )y,

[C i [(MnF sy 1, or [T [(MnFeY 11 alternatively, [CTmi[(FeFoy T, [CTm [ (FeCin T,

FC i [{FeCls) )“ , of [C% [{Feln! Jqi; or alternatively, [C [(Cof (CNYe1 I or [CT [(CoF: o

other non-limiting embodiments, the transition metal precursor which can be utilized in any aspect or
s . . . . . e e e T N3
any erobodiment disclosed herein can be, comprise, or consist essentially of, [CL [{THON) Y las
- aLe : 1% Ve £ ETIRT ER .
alternatively [Cla[(VC 10 1o alternative by, (Ol [(CrCly)Y ]ql; alternatively, [Cln [(Cr{CNYeY qi;

J(MnClY] Jq1; alternatively, [C, o [(MnF ] lar; alternatively, | C.mli—(k/inFS)}]q ;

aiternatively, [C T
alternatively, [Clm[( MnFe) la1; alternatively, [Ch[(FeFs o) Lo alternatively, [0 [(FeCLY qus
alternatively, [C 1 [(FeCls) s altcmmtweiy [Clm (Fely) qu alternatively, [C ] [{Co(CN)gY th

or alternatively, [CL, H{CoFy) ) . In these non-lmiting embodiments, C can be any cationic specics

having charge ¢ deseribed herein, g = ¢ divided by the largest common divis

absolute value of the charge on the anionic transition metal comaplex), and mi = |m| divided by the
largest common divisor of ¢ and [m|. Other usetul transition metal precursors having formula

M) X ™1 [C T o7 [{MOX )™ 12 [C T can be described using aspects and embodiments of the
present disclosure . These general and specific transition metal precursors are readily apparent and

contemplated.

[#231]  In an aspect, the transition metal precursor can have the formula [(M™),:X0) " f/A% T, The
transition metal (M) having an oxidation state of x, the number of transition metals having an
oxidation state of x (y 1}, the anjovic ligand (X} having a charge of v, the number of anionic Hgands
having a charge of y (x1), the charge () on the transition metal complex (M™),, X", the number
{q) of transition metal complexes ((M”);;X,,)™, the anionic species (A) having charge a, and the
number of anlonic species having charge a (m2) arc independently described herein, These
independent descriptions can be utilized in any compatible maunner and/or combination to further

describe the transition metal precursor having the formula [(M7 )1 XY 1Az o the aspect where
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the transition metal precursor can have the formula [((MB):,E KoY 1A e, the formula
(M), X )™ 1A% w2 can encompass a general transition metal precursors having a cationic transition
metal complex (1.e. m having any value, or any vaiue range, disclosed wherein where m > 0, and m2
having any value, or any value range, disclosed herein where m2 > 0). In an embodiment, the
transition metal precursor having the formula [((‘i\'fB)leXl}m}q [A% can encompass general transition
metal precursors having a cationic fransition metal complex which has a refationship between the
cationic transition metal complex and the anionic specic{s) wherein m can have any value {or value
range) disclosed berein where m > G, q and a independently can have any value {or value range}

disclosed herein where g = |al divided by the greatest common divisor of m and ia], and m? can have

any value {or value range) disclosed herein where m2 = m divided by the greatest common divisor of
m and fal. Inan embodiment, the transition metal precursor having the formuls [((I\/EB}yl.{Xx])m]q[Aajmz
can encompass general travsition metal precursors having a cationic transition metal complex wherein
m can any value, or any value range, disclosed wherein wheremm > Qandm={&x* v} +{y *xi). As
a consequence of the conditions that m > O and m = (X * y1) + {y * x1), x1 can be any positive integer
disclosed herein that satisfies the equation x1 < {x * y1}/ |v| {using any value of x, y1 and y disclosed

herein) and/or v1 can be a positive integer and satisfies the equation v1 > {Jy| *

%1}/ % {using any
value of x, x1 and v disclosed herein). In some embodiments, x1 can range from {0, or any x1 value
disclosed herein less than that which satisfies the equation x1 <{x * y1}/ ly| (using any value of x, vi

and v disclosed herein) to any value of x1 provided herein that satisfies the equation x1 <{(x * y1}/ iy
h ) 3 Yiiiy

b

(using any value of x, v1 and v disclosed herein). [n some embodiments, v can range from any value
= y J J % S R

of y1 disclosed herein that satisties the equation v > ¢(

v * x1)/ % {using any value of x, x1 and y
disclosed herein) to any valae disclosed herein that is greater than a value that satisties the equation
vi=(yi* x1)/ x {using any value of x, x1 and v disclosed herein). General and specific transition
metal precursors having the formula [({M”),: X)) ] /A Jn2 can be described using aspects and
embodiments of the present disclosure. These general and specific transition metal precursors are

readily apparent and contemplated.

{8232 When each X of the transition metal precursors having the formula {((MB)y 1KY [ A T 18
a monocanionic ligand, the transition metal precursor can have the formula [(i‘vEBXxl)m]q[A?‘}mg . In the
aspect where the transition metal precursor can have the formula [(I\/iBXX;)m}q{Aa]mz {where each X is
a monoanionic ligand), the formula [(:?\/EBXX])m]q[Aajnﬁ can encompass general transition metal
precursors having a cationic transition metal complex (e, m having any value, or any value range,
disclosed wherein where m > 0, m2 having any value, or any valoe range, disclosed herein where

mZ > {}). In the aspect whore the transition metal precursor can have the formula [(MBXX;)“‘}Q (A"

[ . . . S T an
{where cach X is a monoanionic fHigand), the formwla [(M7¥)"],[A e can encompass general

transition metal precursors having a cationic transition metal complex which has a relationship

between the cationic transition metal complex and the anionic specie{s) wherein m can have any valoe
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(or value rapge) disclosed herein where m > 0, q and a independently can have any valoe {or value
range) disclosed herein, where q = |a] divided by the greatest common divisor of m and {a, and m?2 can
have any value {or value range) disclosed herein where 2 = m divided by the greatest commaon

divisor of mand la

. In an embodiment, the transition metal precursor having the formula

[(MP X)) ™1, [A%Tm: (where each X is a monoanionic ligand) can encompass a general transition metal
precursors having a cationic transition metal complex whercin m can be any value, or any value
range, disclosed wherein where m > 0 and 1o = x - x1. As a conseguence of the conditions that ;>
and m=x - x1, x1 can be any positive integer disclosed herein that satisfies the cquation x1 <x {(using
any value of x disclosed herein). In some embodiments, x1 can range from 0, or any x1 value
disclosed herein less than that which satisfies the equation x1 < x (using any value of x disclosed
hercin) to any value of x1 provided herein that satisfies the equation x1 < x {using any value of x, vl
and v disclosed herein). General and specific transttion metal precursors having the formula
[(MPX0)™, A% m: (where each X is a monocanionic Hgand) can be described using aspects and
embodiments of the present disclosure. These general and specific transition metal procursors are

readiiy apparent and contemplated.

18233]  In an aspect, the transition metal precursor can have the formula {1 IB)},]XX; . The transition
metal (M) baving an oxidation state of x, the number of transition metals having an oxidation state of
x {y 1}, the anionic Hgand (X) having a charge of v, and the number of antonic ligands having a charge
oty (x1} are generally and independently deseribed herein. These mdependent descriptions can be
wtilized in any compatible manner and/or combination to further described the transition metal
precursor having the formuata (M), X, In the aspect where the transition metal precursor has the
formula (M7}, X, the formula (M”),; X, can encornpass a general transition metal precursor which
is a neutral transition wetal complex {ie. m = 0, m1 = 0, and m2 = §). When the transition metal
precursor has the formula (M), X, the number of transition metal atoms (v1) having the oxidation
state ¥ and the number of anionic ligands {A) having charge v can be related by the equation

x * vyl =y *x1]. Insomec cmbodiments when the transition metal coraplex of the transition metal
precursor has the formula (M), X, the number of transition metal(s),v1, can be related to the
transition metal oxidation state (X} and the anionic ligand (X} charge (v} by the relationship that v =

Iy| divided by the largest common divisor of x and

vl. In some embodiments when the transition
metal complex of the transition metal precursor has the formula (M), X5, the pumber of anionic
Hgands, x1, can be related to the transition metal oxidation state (X) and the anionie gand (X) charge
{y} by the relationship that x1 = x divided by the largest common divisor of x and ly|. General and
specific transition metal precursors having the formula (M”),; X, can be described using aspects and
cmbodiments of the present disclosure. These general and specific travsition metal precursors are

readily apparent and contemplated.
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[#234] When each X of the transition metal precursor having the formola (M), X, is a
monoanionic lgand, the transition metal precursor can have the formula M°X,. (eneral and specific
transition metal precursors having the formula M7X, can be deseribed using aspects and cobodiments
of the present disclosure. These general and specific transition metal precursors are readily apparent

and contemplated.

18238] In a non-limiting cmbodiment, the transition metal precursor {or fransition metal complex)
which can be utilized in any aspect or any embodiment disclosed herein can be, comprise, or consist
essentially of, TiCl;, TiBr;, Tils, VCl;, CrFs, CrCls, CrBr;, Crls, MaCls, FeCls, FeBrs, Fels, CoFs, or
CoCls. In some non-limiting embodiments, the fransition metal precursor (o7 travnsition metal
complex) which can be utilized in any aspect or any embodiment disclosed herein can be, comprise,
or consist essentially of, TiCL, TiBr, ZrCls, ZiBr;, VCls, CrFs, CrCl, CrBrs, or Crls; akernatively,
TiCls, TiBr,, CrFs, CrCls, CrBrs, or Crls; alternatively, CrCls or CrBrs; or alternatively, CrCls. In
other non-limiting embodiments, the transition metal precursor (o fransition metal complex) which
can be utilized in any aspect or any embodiment disclosed herein can be, comprise, or consist
essentially of, TiCl;, TiBrs, or Tils; alternatively, VCL; alternatively, CrFa, CrCls, CrBrs, or Crls;
alternatively, MnCl;; alternatively, FeCl, FeBr,, or Fels; or alternatively, CoFs or CoCls, Inan
cmbodiment, the transition metal precursor {or transition metal complex) which can be wtilized in any
aspect or any embodiment disclosed herein can be, comprise, or consist cssentially of, TiCl;
aiternatively, TiBrs; alternatively, Tils; aliernatively, CrFs; alternatively, CrCls; alternatively, CrBrs;
alternatively, Crls; alternatively, FeCls; aliernatively, FeBrs; alternatively, Fels; alternatively, CoFs; or
alternatively, CoCl;. According to a further aspect, the transition metal halide precursors can be,
comprise, or consist essentially of, a chromium(11l} halide. In one non-himiting aspect, the transition
metal precarsor can be, comprise, or consist essentially of, CrCl;. Other general and specific
transition metal precursors having the formula (M), X, and/or the formula M"X, can be described
using aspects and embodiments of the present disclosure. These general and specific fransition metal

precursors are readily apparent and contemplated.

18236]  In anaspect, the transition metal precursor utilized in any aspect or any embodiment
disclosed herein can be substantially anhydrous; ov alternatively, anhydrous. In some embodiments
the transition metal procursor can have a water content of less than or equal t¢ 100 ppm; alternatively,
less than or equal to 90 ppmy; alternatively, less than or equal to 80 ppuy; alternatively, less than or
equal to 70 ppmy; alteroatively, less than or equal to 60 ppro; alternatively, less than or equal to 50
ppm; alternatively, less than or equal to 40 ppmy; alternatively, less than or equal to 30 ppm;
aliernatively, less than or equal to 20 ppmy; alternatively, less than or equal to 10 ppm; alternatively,
less than or equal to 9 ppmy; alternatively, fess than or equal to 8 ppmy; aliernatively, less than or equal
to 7 ppoy; altematively, less than or equal to 6 ppmy; alteroatively, less than or equal to S ppyg

alternatively, less than or equal to 4 ppm; alternatively, less than or equal to 3 ppm; alternatively, less
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than or equal to 2 ppmy; or alternatively, less than or equal to | ppm. Generally, the water content of
the transition metal procursor can be based on the ppm (by weight} of water in the transition metal
precursor. 1t should be noted that the water present in the transition metal precursor can be inthe

form of transition metal precursor impurities and/or interstitial water in the transition metal precursor.

82371 Inan aspect, the transition metal precursor utilized in any aspect or any embodiment
disclosed herein can be sobstantially acid-free. In some embodiments, the transition metal precursor
can have an acid content of less than or equal to 1000 ppmy; altornatively, less than or equal (0 750
ppuy; alternatively, less than or equal to 500 ppmy; or alternatively, less than or equal to 250 ppm. In
other embodiments, the transition metal precursor can have an acid content of less than or equal to
100 ppmy; alternatively, less than or equal to 90 ppm; alternatively, less than or equal to 80 ppm;
alternatively, less than or eqoal to 70 ppmy; alternatively, less than or equal to 60 ppm; alternatively,
fess than or equal to 50 ppmy; alternatively, less than or equal to 40 ppuy; alternatively, less than or
equal to 30 ppmy; alteroatively, less than or equal to 20 ppro; alternatively, less than or equal to 10
ppm; alternatively, less than or equal to 9 ppmy; alternatively, less than or equal to § ppmy
aliernatively, less than or equal to 7 ppm; alternatively, less than or equal to 6 ppim; alternatively, less
than or equal to 5 ppm; alternatively, less than or equal to 4 ppmy; aliernatively, less than or equal to 3
ppuoy aliernatively, less than or equal to 2 ppmy; or alternatively, less than or equal to 1 ppm.
Generally, the acid content of the transition metal precursor can be based on the ppm (by weight) of
acid in the transition metal precarsor. It should be noted that the acid present n the transition metal
precursor can be in the form of transition metal precursor impurities and/or mterstitial acid in the

transition metal precursor.

192381 v accordance with an aspect of this disclosure, the method for making a transition metal
carboxylate composition can utilize a Group | or Group 2 metal carboxylate; aliernatively, a Group |
metal carboxylate; or alternatively a Group 2 metal carboxylate. Generally, the carboxylate moiety of
the Group 1 or Group 2 metal carboxylate can be, comprise, or consist essentially of, a
polycarboxylate or 3 monocarboxylate; alternatively, a polycarboxylate; or alternatively,

monocarboxylate.

18239]  In anaspect, the Group ¥ or Group 2 metal carboxylate can have the formula

(M™ML(G, ORI, Tn the Group | or Group 2 metal carboxylate baving the formula
(MA)p[(OQC),RE]” M” represents the Group 1 or Group 2 metal, p represents the number of metal
atoms in the Group 1 or Group 2 metal carboxylate, (0,C),R'* (which can also be shown with having
a -1 charge on the carboxylate moicty — t.e. {O,CLR ) represents the carboxylate group of the Group
1 or Group 2 metal carboxylate, and s represents the number of carboxylate groups n the Group 1 or
Group 2 metal carboxylate. Within the carboxylate group (G,C)R', r represents the number of
carboxylate moictics in the carboxylate group and R' represents the group which finks the carboxylate

moicties. Generally, the Group | or Group 2 metal (M™), the number of Group 1 or Group 2 metal
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atoms (p), the carboxylate group ((G,C)R '), the number of carboxylate groaps (s), the number of
carboxylate moieties in the carboxylate group (1), and the group linking the carboxylate moicties (R')
arc independent clements of the Group 1 or Group 2 metal carboxylate having formula

{M A)p[{OzC)fR"“]g, are independently described herein. These independent descriptions can be utilized
in any combination to deseribe the Group 1 or Groop 2 metal carboxylate having formula

(ML O, ONR .

[6248] In an aspect, the Group 1 or Group 2 metal carboxylate can have the formula M™(Q,CR™),.
In the Group | or Group 2 metal carboxylate having the formula MA(Q,CR™), M™ represents the
Group 1 or Group 2 metal, O,CR™ (which can also be shown with having 2 -1 charge on the
carboxylate moiety — t.e. "0,CR™) represents a monocarboxylate group, and s represents the oxidation
number of the Group 1 or Group 2 metal. Generally, the Group 1 or Group 2 metal (M™), the
monccarboxylate group (O,CR™), the number of monocarboxylate group(s), and R™ are independent
clements of the Group 1 or Group 2 metal carboxylate having formula MNO,CR™),. These
mdependent deseriptions can be utilized in any combination to describe the Group 1 or Group 2 metal

carboxylate having formula M (C,CR™)..

18241]  In an aspect, the Group | or Group 2 metal can be, comprise, or consist essentially of, of any
Group 1 or Group 2 metal carboxylate described herein can be, comprise, or consist essentially of, a
Group 1 metal; or altiornatively, a Group 2 metal. In an embodiment, the Group | metal of any Group
1 metal carboxylate described herein can be, comprise, or consist essentially of, Li, Na, or K
aiternatively, Na or K; alternatively, Li; alternatively, Na; or alternatively, K. In an embodiment, the
Group 2 metal of any Group 2 metal carboxylate described herein can be, comprise, or consist
essentially of, Be, Mg, Ca, 81, or Ba; alternatively, Ca or Mg; aliernatively, Be; alternatively, Mg;
alternatively, Ca; aliemnatively, Sr; or altiernatively Ba. Generally, the oxidation state of the Group |
metal is 1 while the oxidation state of the Group 2 metal is 2.

18242] In an aspect, the carboxylate group can be, comprise, or consist essentially of, a C; to Cys
carboxyliate; alternatively, C; to Uy carboxylate; alternatively, a Ca to Cy carboxylate; or
alternatively, a Cs to €y, carboxyiate. In an embodiment, the carboxylate group can have from one to
four carboxvlate moictics; alternatively, two to four carboxylate moicties; alternatively two to three
carboxylate moicties. In some embodiments, the carboxylate group can have only one carboxylate
moiety; alternatively, only two carboxyiate moicties; alternatively, only three carboxylate moieties; or
alternatively, only four carboxylate moicties.

182431  In an aspeet, the carboxylate group can have the general formula (O,C)R ', Generally, r
and R arc independently described herein and the carboxylate group having the formula (O,C)R

can be described using any combination of r and R described herein.



21pERIPOT
WO 2013/089963 161 PCT/US2012/065289

[6244]  In an aspect, r of the carboxylate group having the formula (0,C)R' can be an integer from
1 to 4; alternatively, from 2 to 4; or aliernatively, from 2 to 3. In some embodiments, r of the
carboxylate group having the formula (O,C)R ' can be 1; altermatively, 2; alternatively, 3; or
alternatively, 4. When ris, 1 the carboxylate group having the formula (G,C)R'® is equivalent to the
monocarboxylate group having the formula 0,CR™ and the aspects and embodiments of R* for the
monocarboxylate group having the formula “0,CR” can be utilized as aspects and embodiments of

R for the carboxylate group having the formula (O,C)R " when tis 1.

{6245] In an cmbodiment where ris 1, R' can be a C) to Cuy organyl group; alternatively, a €, to
Coa ovganyt group; alternatively, a Cs to Cio organyl group; or alternatively, a Cy to €y organy! group.
T an embodiment where ris 2, R' can be a bond or a € to C2a organylene group; alternatively, a
bond; alternatively, a C; to Cqz organylene group; alternatively, a Cs to Ci5 organylene group; or
alternatively, a C4 to Cip organylene group. In an embodiment where ris 3, Rcanbea C; to Oy
organic group; alternatively, C; to Uy, organic group; shernatively, a C; to Cy5 organic group; or
alternatively, a Cy 10 Co organic group. In an embodiment where ris 4, R can be a C; to €y organic

grovp; alternatively, a Cs to Cis organic groop: or aliernatively, a €y to Cq organic group.

[6246] TIn an embodiment where ¢ is 1, R™ can be a €y to Cuy organyl group consisting of inert
functional groups; altematively, C, to Cy organyl group consisting of inert functional groups;
alternatively, a C; to Cyg organyl group consisting of inert functional groups; or alternatively, a Cs to
1 organyl group consisting of inert functional groups. Tn an embodiment where ris 2, R canbe a

bond or C to Cy3 organylene groop consisting of inert functional groups; alternatively, a bond;

=t

alternatively, a €y to Ty organylene group consisting of inert functional groups; alternatively, a Cs to
Cyg organyiene group consisting of inert functional groups; or altematively, a €4 to Uy organylene
group consisting of inert fumetional groups. In an embodiment where vis 3, R canbea Gy to Oy
organic group consisting of tnert functional groups; alternatively, G, to €y, organic group consisting
of inert functional groups; altematively, a Cs to Cy; organic group counsisting of inert functional
groups; or alternatively, a Cs to Gy organic group consisting of inert functional groups. Inan

. . 1¢ - - . .. <« .
cembodiment where ris 4, R ° can be a C; to Cy; organic group consisting of inert functional groups;
alternatively, a Cs to Cis organic group consisting of inert functional groups; or alternatively, a Cyto

Cy organic group consisting of inert functional groups.

{8247} Inan embodiment where ris 1, R™ can be a hydrocarbyl group or a substituted hydrocarbyl
group; alternatively, a hydrocarbyl group; or aliernatively, a substituted bydrocarbyl group.
Generally, the hydrocarbyl group and/or substituted hydrocarbyl group which can be utilized as R
can have the same number of carbon atoms as any organy! group which can be utilized as R, Tn an
embodiment where 1 is 2, R can be a bond, hydrocarbylene group, or a substituted hydrocarbylene
group; alternatively, a bond or a hydrocarbylence group; alicrnatively, a bond or a substituted

hvdrocarbylene group; alternatively, a boud; altematively, @ hydrocarbylene group; or alternatively, a
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substituted hydrocarbylene group. Generally, the hydrocarbylene group and/or substituied
hydrocarbylene group which can be utilized as R'° can have the same number of carbon atoms as any
organylene group which can be utitized as R', In an embodiment where tis 3, R’ can be a
hydrocarbon group or a substituted hydrocarbon group; alternatively, a hydrocarbon group; or
aliernatively, a substituted hydrocarbon group. Generally, the hydrocarbon group and/or substituted
hydrocarbon group which can be utilized as R™ can have the same number of carbon atoms as any
organic group which can be utilized as R'*. In an embodiment where v is 4, R'° can be a hydrocarbon
group or a substituted hydrocarbon group; aliernatively, a hydrocarbon group; or alternatively, 2
substituted hydrocarbon group. Generally, the hydrocarbon group and/or substituted hydrocarbon
group which can be utilized as R can have the same mmber of carbon atoms as any organic group
which can be utilized as R'°. In an embodiment, cach substituent of a substituted hydrocarbyl group,
substituted hydrocarbylene group, and/or substituted hydrocarbon group independently can bea
halide, a hydrocarbyl group, or a hydrocarboxy group; alternatively, a halide or a hydrocarbyl group;
aiternatively, a halide or a hydrocarboxy group; alternatively, a hydrocarbyt group or a8 hydrocarboxy
group; alternatively, a halide; alternatively, a hydrocarbyl group; or aliernatively, & hydrocarboxy
group. Halide, hydrocarbyl group, and bydrocarboxy group substituenis (also referred to as non-
hydrogen substituents or non-hydrogen substituent groups) are mdependently disclosed herein. These
substituent groups can be utilized without limitation to further describe any substituted hydrocarbyl
group, substituted hydrocarbylene group, and/or substituted hydrocarbon group that can be utilized as

Rica

182481 o an embodiment where 1 of the carboxylate group having the formula (O,C)R ' 15 3
and/or 4, R' can be an alkane group, a substituted alkane group, an alkene group, a substituted alkene
grovup, a cycloalkane group, a substituted eycloalkane group, a cycloalkene group, a substituted
cycloalkene group, an arcne group, a substituted arene group, an aralkanc group, or a substituted
aratkane group; or alternatively, an alkane group, an alkene group, a cycloalkane group, a cycloalkene
group, an arene group, or an arafkane group. In some embodiments, R' of the carboxylate group
having the formula (,CO)LR'™ can be an alkane group or a substituted alkane group; alternatively, an
alkene group or a substituted allene group; alternatively, a eycloalkane group or a substituted
cycloalkane group; alternatively, a cycloalkene group or a substituted cycloalkene group;
alternatively, an arene group or a substitated arcoe group; or alternatively, an aralkane group or a
substituted aralkane group. In other embodiments, R' of the carboxylate group having the formula
{0, LR ' can be an alkane group; alternatively, a substituted alkane group; alternatively, an alkene
group; alternatively, a substituted alkene group; alicrnatively, a cycioalkane group: alternatively, a
substituted cycloalkane group; alternatively, a cvelealkene group; altornatively, a sobstitated
cycloalkene group; alternatively, an arene group; altematively, a substituted arene group;

alternatively, an aralkane group; or alternatively, a substituted aralkane group. Generally, the alkane
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group, substituted alkane group, alkene group, substituted alkene group, cycloalkane group,
substituted cycloalkane group, cycloalkene group, substituted cycloalkene group, arene group,
substituted arcne group, aralkane group, or substituted aralkane group can have the same number of
carbon atoms as described for the organic and hydrocarbon groups which can be utilized as R of the

carboxylate group having the formufa (0,C0)R™ where 1 is 3 and/or 4.
¥ g £ {

18249}  In an aspect where 1 of the carboxylate group having the formula (0, C),R™is 3, rcanbea
C to Oy, alkane group {substituted and/or unsubstituted); alternatively, C, to Uy, alkane group
{substituted or unsubstituted); alternatively, a s to €47 alkane group (substituted and/or
unsubstitutedy; or alternatively, a U4 to Cy alkane group (substituted and/or unsubstituted). Inan
aspect where 1 of the carboxylate group having the formula (O.CLR 154, R can be a €y to Oy
aikane group (substituted and/or unsubstituted); alternatively, a (s to Ci5 alkane group {(substituted
and/or unsubstituted); or alternatively, a C, to Cq alkane group (substituted and/or unsubstituted). In
some cmbodiments, where 1 of the carboxylate group having the formula (G,C)R is 3 and/or 4, R
can be an ethane group, a propane group, a butane group, a pentane group, a hexane group, a heptane
group, an octane group, a nonane group, a decane group, a undecane group, a dodecane group, 4
ndecane group, a tetradecane group, a pentadecane group, a hexadecane group, a heptadecane group,
an octadecane group, or a nonadecane group. In other embodiments where 1 of the carboxylate group

c

having the formula (O,COLR is 3 and/or 4, R'° can be a butane group, a pentanc group, a hexane
group, a heptane group, an octane group, a nenane group, a decane group, or undecane group. In
other embodiments where 1 of the carboxylate group having the formula (0,C)R" is 3 and/or 4, R
can be a butane group, a pentanc group, a hexane group, a heptane group, or an octane group. In an
embodiment, any of the alkane groups (general or specific) which can be utilized R of the
carboxylate having the formula ‘(0,CR” can be substituted. In an embodiment, each substituent of a
substituted alkane group (general or specific) which can be utilized as R' independently can be a
halide or hydrocarboxy group; alticmatively, a halide; or aliernatively a hydrocarboxy group. Halide
substituents and hydrocarboxy substitucnt groups are independently disclosed berein and can be
utilized without Bmitation to fimther deseribe a substituted alkane group (general or specific) which

can be utilized as R

[#258] In an aspect where r of the carboxylate groop having the formula (0,0)R"is 3, rcanbe a
C; to Cy; atkene group (substituted or unsubstituted); slternatively, C, to Cy; alkene group {substituted
or unsubstituted); aliernatively, a Cs to Cy5 alkene group (substituted or unsubstituted); or
alternatively, a €y to Cs alkene group (substituted or unsubstituted). In an aspect where r of the
carboxylate group having the formula (0,C)R " is 4, R' can be a C; to Oy alkene group (substituted
or unsubstituted); alternatively, a C; to Ty alkkene group (substituted or unsubstituted); or
alternatively, a C, to Cs alkane group {substituted or unsubstituted). o other embodiments where v of

the carboxylate group having the formula (0,C)R' is 3 and/or 4, R'° can be a butene group, a
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pentenc group, a hexene group, a heptene group, an octene group, a nonene group, a decene group, or
undecene group. In other embodiments where 1 of the carboxylate group having the formula
(0,C)LR ' can be 3 and/or 4, R'“ is & butene group, 2 pentene group, a hexene group, a heptene group,
or an octene group. In an embodiment, cach substituent of a substituted alkene group which can be
atilized as R' independently can be a halide or hydrocarboxy group; alternatively, a halide; or
aiternatively a hydrocarboxy group. Halide substituent and hydrocarboxy substituent groups arg
independently disclosed hercin and can be utilized without Hmitation to further describe a substituted
alkene group which can be utitized as R',

{9251]  In an aspect where t of the carboxylate group having the fornwla (O,C)R “ is 3 and/or 4,
R can be a C-Coy cyeloalkane group (substituted or unsubstituted); alternatively, a Cs-Cig
cycloalkane group (substitated or unsubstituted); or alternatively, a Cs-Cig cyeloalkane group
(substituted or unsubstituted). In an embodiment where 1 of the carboxylate group having the formuia
(O,CLR ' is 3 and/or 4, R' can be 2 cyclopentane group, a substituted cyclopentane group, a
cyclohexane group, 8 substituted cyclohexane group, a cyvcloheptane group, or a substituted
cycloheptane group; alternatively, a cyclopentane group, a substituted cyclopentane groop, a
cyclohexane group, or 8 substituted cyclohexane group; altornatively, cyclopentane group or a
substituted cyclopentane group; or alternatively, a cyelohexane group or a substituted cyclohexane
group. In some embodiments where r of the carboxylate group having the formula (G,C)R is 3
and/or 4, R' can be a eyclopentane group, or a eyclohexane group. In vet other embodiments where v
of the carboxylate group having the formula (0,C)R'° is 3 and/or 4, R’ can be a cyclopentane group;
alternatively, a substituted cyclopentane group; altornatively, a cyclohexane group; or alternatively, a
substituted cyclohexane group. In an embodiment, each substituent of a substituted cycloalkane
group (general or specific) which can be utilized as R™ independently can be a halide, a hydrocarbyl
group, of a hydrocarboxy group; alternatively, a halide or a hydrocarbyl group: alternatively, a halide
or a hydrocarhboxy group; alternatively, & hydrocarbyl group or a hydrocarboxy group; aliernatively, a

halide; alternatively, a hydrocarbyl group; or alicmatively, a hydrocarboxy group.

{8252]  In an aspect where t of the carboxylate group having the fornwla (O,C)R s 3 and/or 4,
R can be a C3-Cyy cyeloalkene group (substituted or unsubstituted); alternatively, a Cs-Cig
cycloalkene group (substitated or unsubstituted); or alternatively, a Cs-Cig cycloalkene group
(substituted or unsubstituted). In an embodiment where 1 of the carboxylate group having the formuia
(O,CLR ' is 3 and/or 4, R' can be 2 cyclopentene group, a substituted cyclopentene group, a
cyclohexene group, a substituted cyclohexene group, a cyvcloheptene group, or a substituted
cycloheptence group; alternatively, a cyclopentene group, a substituted cyclopentene groop, a
cyclohexene group, or 8 substituted cyclohexenc group; altornatively, cyclopentene group or a
substituted cyclopentene group; or alternatively, a cyelohexene group or a substituted cyclohexene

group. In some embodiments where r of the carboxylate group having the formula (GCHR 7 1s 3
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and/or 4, R' can be a eyclopentene group, or a eyclohexene group. In vet other embodiments where v
of the carboxylate group having the formula (0,C)R'° is 3 and/or 4, R’ can be a cyclopentene group;
alternatively, a substituted cyclopentene group; altornatively, a cyclohexene group; or alternatively, a
substituted cyclohexene group. In an embodiment, each substituent of a substituted cycloalkene
group (general or specific) which can be utilized as R™ independently can be a halide, a hydrocarbyl
group, of a hydrocarboxy group; alternatively, a halide or a hydrocarbyl group: alternatively, a halide
or a hydrocarhboxy group; alternatively, & hydrocarbyl group or a hydrocarboxy group; aliernatively, a
halide; alternatively, a hydrocarbyl group; or alicmatively, a hydrocarboxy group.

{8253]  In an aspect where t of the carboxylate group having the fornwla (O,C)R “ is 3 and/or 4,
R can be a Cs-Cyy benzene group {substituted or unsubstituted), or a Cig-Cy naphthalene group
(substituted or unsubstituted); altematively, a Cs-Coy benzene group (substituted or unsubstituted); or
alternatively, a Cp-Ch; naphthalone group (substituted or unsubstituted). In another aspect r of the
carboxylate group having the formuta (O,C)R " is 3 and/or 4, R can be a Cs-Cy¢ benzene group
{substituted or unsubstituted}, or a Co-Cy¢ naphthalene group (substituted or unsubstituted);
aliernatively, a Cs-C s benzene group (substituted or unsubstitated); or alternatively, a Cig-Cis
naphthalenc group {(substituted or unsubstituted). Tn another aspect 1 of the carboxylate group having
the formula (O.CLR' 15 3 and/or 4, R' can be a Cg-Cyp benzene group (substituted or unsubstituted).
{n an embodiment, each substituent of a substituted benzene group (geneval or specific) or substitute
naphthalene which can be utilized as R independently can be a halide, a hydrocarbyl group, or a
hydrocarboxy group; alternatively, a halide or a hydrocarbyi group; alterpatively, a halide or a
hydrocarboxy group; alternatively, a hydrocarbyl group or @ hydrocarboxy group; alternatively, 2

halide; alternatively, a hydrocarbyl group; or alternatively, a hydrocarboxy group.

18254}  Tn an aspect where 1 of the carboxylate group having the formula (0,C)R is 3 and/or 4,
Rcanbea O-Cy phenyimethane group (substituted or unsubstituted); alternatively, C-Cyg
phenyimethane group (substituied or unsubstituted); aliernatively, a C,-Cyp phenyimethane group
{substituted or unsubstituted). In an embodiment, cach substituent of a substituted phenyimethane
group {general or specific) which can be utifized as R' independently can be a halide, 2 hydrocarbyl
group, or 4 hydrocarboxy group; alternatively, a halide or a hydrocarbyl group; alternatively, a halide
or a hydrocarboxy group; altematively, a hydrocarby] group or a hydrocarbory group; alternatively, a

halide; slternatively, a hydrocarby! group; or alternatively, a hydrocarboxy group.

18#255]) Halides, hydrocarbyi group substituents, and hydrocarboxy group substituents {also reforred
1o as non-hydrogen substitucnts or non-hydrogen substituent groups) are independently disclosed
hervein. These substituent groups can be utilized without imitation to further describe any substituted
hydrocarbon group (general or specific}, substituted alkane group (general or specific), substituted
alkene group (general or specific), substituted cycloalkanc group (general or specific), substituted

cyeloalkene group (goneral or specific), substituted arene group (general or specific), substitied
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aralkane group {general or specific) which can be utilized as R'° of the carboxyiate group having the

formula (O,0) R’ described herein,

[8256]  In an aspect where 1 of the carboxylate group having the formula (0,C)R' s 2, R of the
carboxylate group having the formula (0,C)R ' any general or specific organic group, organic group
consisting of inert functional groups, hydrocarbon group, alkane group, substituted alkane group,
alkene group, substitited alkene group, cycloalkane group, substituted cyeloalkane group,
cycloalkene group, substituted cycloalkene group, arenc group, substituted arcne group, aralkane
group, of substituted aralkane group can be referred to by replacing -ic of organic, -on of
hyvdrocarbon, -anc of general or specific alkane (inclhuding aralkance), -c of a general or specific alkene
(including cycloalkene), or -cne of a general ov specific arene by the suffix -ylene. For example,
when 1 is 2, the general organic group and hydrocarbon group would become an organylene group and
hydrocarbylene group {respeciively), the general alkanc and cycioalkane groups would become
alkviene and cycloalkviene (respectively), the specific methane group and ethane groups would
become a methylene group and ethylene group (respectively), the general alkene group would become
an alkenylene group, the specific cthene group would become an ethenylene group, the general arene
group would become an arylene group, and the general aralkane group would become a aralkyicne
group. Similarly, in an aspect where r of the carboxylate group having the formula (0,C)RR s 1,
R of the carboxylate group having the formula (0,C0),R'" any general or speeific organic group,
grganic group consisting of inert fimetional groups, hydrocarbon group, alkane group, substituted
alkane group, alkens group, substituted alkene group, cycloalkane group, substituted cycloalkane
group, cycloalkene group, substituted cycloalkene group, arenc group, substituted arene group,
aralkane group, or substituted aralkane group can be referred to by replacing -ic of organic, -on of
hydrocarbon, -ane of general or specific alkane (inclading aralkane}, -¢ of a general or specific alkene
{mcluding cycloalkene), or -ene of a gencral or specific arcne by the suffix -yl For example, when t
is 1, the geoeral organic group and hydrocarbon group would become an organylene group and
hvdrocarbylene group {respectively), the general alkanc and cycloatkane groups would become alkyl
and cycloalky! (vespectively), the specific methane group and ethane groups would become a methy!
group and othyl group Gespectively), the general alkene group would become an alkenyl group, the
specific ethene group would become an ethenyl group, the gencral arenc group would become an aryl
group, and the general aralkane group would become an aralkyl group. Extension of these naming
conventions to other general or specific groups, along with common name change between general to
specific groups {e.g. benzene group to phenylence group or phenyl group, among others) are readily
apparent.

{82587] In a non-limiting embodiment where the carboxylate group has more than one carboxylate
moiety, cach carboxylate group can be, comprise, or counsist essendially of, oxalate, malonate

(1,3-propanedioate}, succinate (1,4-butanedioate), ghutarate (1,5-pentanedioate), adipate



21pERIPOT
WO 2013/089963 167 PCT/US2012/065289

i

(i,6-hexanedioate), pimelate (1,7-heptanedioats), suberate (1,8-octanedioate), maleate, fumarate,
acetylenedicarboxylate, phthalate (1,2-benzene dicarboxylate), isophthalate (1,3-benzenc
dicarboxylate), terephthalate (1,4-benzene dicarboxylate), phooylene diacetate; cifvate, or any
combination thereof ; aliernatively, malonate (1, 3-propanedioate), succinate (1,4-butanedioate},
ghutarate (1,S-pentancdioaie), adipate {1,6-hexancdicate), pimelate (1,7-heptanedicate}, suberate
{1,%-octancdicate), maleate, fumarate, acetylencdicarboxylate, phthalate (1,2-benzene dicarboxylate),
isophthalate (1,3-benzene dicarboxylate), terephthalate (1 4-benzene dicarboxylate), phenylene
diacetate, or any combination thercof; alternatively, malonate (1,3-propanedioate}, succinate
(1,4-butanedicate), ghutarate (1,5-pentanedioate), adipate (1,6-hexanedioate), pimelate
(1,7-heptancdioaie), suberate (1,8-octanedioate), or any combination thereof, alternatively, maleate,
fumarate, or any combination thereof; alternatively, acetylencdicarboxylate; alicratively, phthalate
(1,2-benzene dicarboxylate), isephthalate (1,3-benzene dicarboxylate), terephthalate (1,4-benzene
dicarboxylate), or any combination thereof; or alternatively, phenviene diacetate. In other non-
Hmiting embodiments where the carboxylate group has more than one carboxylate moiety, cach
carboxyiate group can be, comprise, or congist essentially of, oxalate; aliernatively, malonate
{1,3-propanedioate); alternatively, succinate (1,4-butanedioate); alternatively, glutarate
(1,5-pentancdioate); alternatively, adipate (1,6-hexanedioate); alieratively, pimelate
(i,7-heptanedioats); alternatively, saberate (1, 8-octanedicate); alternatively, maleate; alternatively,
fumarate; alicrnatively, acetyienedicarboxylate; aliormatively, phthalate (1,2-benzene dicarboxylate);
alternatively, isophthalate (1,3-benzene dicarboxylate); alternatively, terophtbalate (1,4-benzene

dicarboxylate); alternatively, phenylene diacetate; or alternatively citrate.

{82381 In an aspect and in any embodiment, the carboxylate group can be, comprise, or consist
essentially of, a monocarboxylate having the formala “G,CR™. In an embodiment of a carboxylate
having the formufa "0,CR”, R* can be a organyl group; alternatively, organyl consisting of inert
functional groups; altormatively, hydrocarbyt group, or substituted hydrocarbyl group; aliernatively, a
hydrocarby! group; or alternatively, a substituted hydrocarbyl group, Generally, R (whether
organyl, organyl consisting of fnert functional groups, hydrocarbyl, and/or substitute hydrocarbyl) can
be a C; to Cuy group; alternatively, a C, to Cys group; altermatively, a Cs to Cyo group; or alternatively,

a Cy to €5 group.

[8259]  In an cmbodiment, R™ of the carboxylate having the formuia 0,CR™ can be an alkyl group,
a substitiried alkyl group, an alkenyl group, a substituted alkenyl group, a cycloealkyl group, &
substituted cycloalkyl group, a cycloalkenyl group, a substituted cyeloalkenyl group, an aryl group, a
substitated aryl group, an aralkyl group, or a substituted arallyl group; or alternatively, an alkyl
group, an alkenyl group, a cycloalkyl group, an cycloalkenyl group, an aryl group, or an aralkyl
group. In some embodiments, R™ of the carboxylate having the formula "0,CR™ can be an alky

group or a substituted alkyl group; alternatively, a alkenyl group or a substituted alkenyl group;
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afternatively, a cycloalkyl group or 3 substituted cyclealkyl group; alternatively, a cycloaltkenyl! group
or a substituted cycloaltkenyl group; alternatively, an aryl group or a substituted aryl group; or
alternatively, an aralky! group or a substituted aralkyl. In other cmbodiments, R™ of the carboxylate
having the formuta "0,CR” can be an alkyl group; alternatively, a substituted alky! group;
aliernatively, alkenyl group; alternatively, a sobstituted alkenyl group: alternatively, alternatively, a
cycloalkyl group; alternatively, a substitated cycloalkyl group; alternatively, a cycloallenyl group:
alternatively, a substituted cycloalkenyl group; alternatively, an aryl group; shernatively, a substituted
ary} group; alternatively, an aralkyl group; or alternatively, a substitied aralky! group. Generally, the
alkyl group, substituted altkyl group, alkenyl group, substituted alkenyl group, cycloalkyl group,
substituted cycloalkyl group, cycloalkenyl group, substituted cycloalkeny] group, aryl group,
substituted aryl group, aralkyl group, or substituted aralkyl group can have the same number of carbon
atoms as described for the organic groups, organic groups counsisting of inert functional groups, and
hydrocarbon groups (substituted or unsubstituted) which can be utilized as R*® within the carboxylate

having the formula O, CR"

18268] In an embodiment, the alkyl group (substituted or unsubstituted) which can be utilized as
R™ of the carboxylate having the formula "O,CR™ can be a Cy-Chs alkyl group (substituted or
unsubstitutedy; altematively, a Cp-Cos alkyl group (substituted or unsubstituted); alternatively, a Cs-
Cig alkyl group (substituted or umsubstitated); or alternatively, a Ci-Cy; alkyl group (substituted or
unsubstituted). In an embodiment, R™ of the carboxylate having the formula “G,CR” can be a buty!
group, an pentyl group, a hexyl group, a heptyl group, an octyl group, & nonyl group, a decyl group, or
undecy! group. To some embodiments, R™ of the carboxylate having the formula 0,CR™ can be a
butyl group; alternatively, a pentyl group; alternatively, a hexyl group; alternatively, a heptyl group;
aliernatively, an octyl group; alternatively, a nonyl group; alternatively, a decyl groop: or
alternatively, a undecyl group. In an embodiment, any of the alkyl groups (general or specific) which
can be utilized as R™ of the carboxylate having the formula Q,CR™ can be substituted. In an
cmbodiment, each substitucot of a substituted alkyl group (general or specific) which can be utilized
as R™ independently can be a halide or hydrocarboxy group; alternatively, a halide; or alternatively a
hydrocarboxy group. Halide substituents and hydrocarboxy sebstituent groups are independently
disclosed herein and can be utilized without limitation to further describe a substituted alkyl group

{(general or specific) which can be utilized as R™,

182631 In an cmbodiment, R™ of the carboxylate having the formula O,CR™ can be an n-butyl
group, a sec-butyl group, a iso-buty! group, a t-buty! group, a n-pentyl group, a pent-3-vl group, an
iso-amy! group, a neo-pentyl group, an n-hexyl group, a hexan-2-y1 group, 8 hexan-3-y1 group, a 2-
methylpentan-1-yi group, 2-cthylbutan- 1-yi group, a 2-methylpentan-2-yi group, a 2,3-dimethylbutan-
-yl group, a 2,3-dimethylbutan-2-yl group, an v-hepty! group, a heptan-2-y! group, 2 heptan-3-vi

group, a heptan-4-yi group, a 2-methylhexan- 1-yl group, a 2-cthylpentan- I-yl group, a 2-
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methylhexan-2-y1 group, a 2.3-dimethylpentan-1-y1 group, a 2,3-dimethylpentan-2-y1 group, 2 2,3,3-
trimethylpentan- 1-vi group, a 2,3, 3-trimethyipentan-2-yl group, a n-octyl group, an octan-2-v1 group,
an octan-3-yl group, an octan-4-vl group, a Z-methytheptan-1-yi group, a 2-cthylhexan-1-vl group, a
Z2-methylheptan-2-y1 group, a n-nonyl group, a nonan-2-vi group, 4 nonan-3-yl group, a nonan-4-yi
grovup, a nonan-3-y1 group, a n-decyl group, a decan-2-yl group, a decan-3-y1 group, a decan-4-y1
group, a decan-5-yi group, or an n-undecyl group. In other embodiments, R™ of the carboxylate
having the formula "0,CR™ can be an n-propy! group; akternatively, an isopropyl group; alternatively,
an u-butyl group; alternatively, a sec-butyl group; alternatively, a iso-butyl group; aliernatively, a t-
butyl group; alternatively, a n-pentyl group; alternatively, a pent-3-y1 group; alternatively, an iso-amy]
group; alternatively, a neo-pentyl group; alterpatively, an n-hexyl group; alternatively, a hexan-2-yl
group; alternatively, a hexan-3-yl group; alternatively, a Z-methylpentan-1-yl group; alternatively, 2-
ethyibutan-1-vl group; alternatively, a Z-meothylpentan-2-yl group; aliernatively, a 2,3-dimethylbutan-
1-yl group; alternatively, a 2 3-dimethylbutan-2-yl group; alternatively, an n-hepty! group;
aliernatively, a heptan-2-yl group; alternatively, a heptan-3-y1 group; alternatively, a heptan-4-yl
group; alternatively, a 2-methyihexan-1-yi group; alternatively, a Z-cthylpentan-1-yi group;
alternatively, a 2-methylthexan-2-vl group; ahternatively, a 2,3-dimethylpentan- 1-y1 group;
alternatively, a 2,3-dimethyipentan-2-yl group; alternatively, a 2,3, 3-trimethyipentan-1-y1 group;
alternatively, a 2,3, 3-trimethylpentan-2-vl group: alternatively, a n-octyl group; alternatively, an
octan-2-yl group; alternatively, an octan-3-y1 group: alternatively, an octan-4-yl group; alternatively, a
Z2-roethylheptan-1-yi group; alternatively, a 2-ethythexan- 1-vi group; alternatively, a Z-methylbeptan-
2-y1 group; alternatively, a n-nonyl group; alternatively, a nonan-2-yl group; alternatively, a nonan-3-
vl group; alternatively, a nonan-4-vl group; alternatively, a nonan-3-y1 group; alternatively, a n-decyl
group; alternatively, a decan-2-yl group; alternatively, a decan-3-y1 group; aliernatively, s decan-4-vyi
group; or alternatively, a decan-5-yi group. In an erabodiment, any of the alkyl groups which can be
utilized R™ of the carboxylate having the formula "O,CR™ can be substituted. In an embodiment,
each substituent of a substituted alkyl group (gencral or specific) which can be utilized as R™
independently can be a halide or hydrocarboxy group; alternatively, a halide; or alternatively a
hydrocarboxy group. Halide substituents and hydrocarboxy substituent groups are independently
disclosed herein and can be utilized without Huutation to further describe a substituted alkyl group

{general or specific) which can be utilized as R™,

18262]  In an embodiment, the alkenyl group (substituted or unsubstituted) which can be utilized as
R™ of the carboxylate having the formula G,CR™ ean be a C,-Chy alkenyl group (substitated or
unsubstituted); altematively, a C5-Cyy alkenyl group (substituted or vasubstituted); or alternatively, a
(4~Ci1 alkenyl group (substituted or unsubstituted). In an erobodiment, R™ of the carboxylate having
the formula "0, CR™ can be a propenyl group, a butenyl group, a pentenyl group, a hexenyl group, a

heptenyl group, an octenyl group, a nonenyl group, a deceny! group, a undecenyl group, a dodecenyl
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group, a tridecenyl group, a tetradecenyl group, a pentadecenyl group, a hexadecenyl group, a
heptadecenyl group, an octadecenyl group, or a nonadecenyl group: alternatively, a butenyl group, an
peotenyl group, a bexenyl group, a heptenyl group, an octeny! group, a nonenyl group, a deceuyl
group, or undecenyl group. In some embodiments, R™ of the carboxylate having the formula ‘0, CR™
can be an cthenyl groap; alternatively, a propenyl group; alternatively, a buteny! group; alternatively,
a penienyl group; aiternatively, a hexenyl group; alternatively, a heptenyl group; aliernatively, an
octenyl group; alternatively, a noneny! group; alternatively, a decenyl group; or alternatively, a
undecenyi group. In an ershodiment, any of the alkenyl groups {(general or specific) which can be
utilized as R™ of the carboxylate having the formula O,CR™ can be substituted. In an embodiment,
cach substituent of a substituted alkenyl groap {general or specific) which ean be utilized as R™
independently can be a halide or hydrocarboxy group: alternatively, a halide; or alternatively s
hydrocarboxy group. Halide substituents and hydrocarboxy substituent groups are indepondently
disclosed herein and can be utilized without Hmitation to further describe a substituted alkeny! group

{general or specific) which can be utilized as R™.

18263]  In an embodiment, the cycloatkyl group (substituted or ansubstituted) which can be utilized
as R™ of the carboxylate having the formula "O,CR™ can be a Ca-Uyy cycloalkyl group (substitaied or
unsubstituied); alternatively, a C5-Cio cycloalkyl group (substituted or unsubstituted); or altornatively,
a C4-Cy cycloalkyl group (substituted or unsubstituted). Tn an embodiment, R™ of the carboxylate
having the formala "G,CR™ can be a eyclopenty! group, a substituted cyclopentyl group, a eyclohexyl
group, or a substituted eyclohexyl group. In some embodiments, R* of the carboxylate having the
formula “0,CR™ can be a cyclopenty! group or a substituted cyclopentyl group; or alternatively, a
cyclohexyl group ot a substituted cyclobexyl group. In some embodiments, R™ of the carboxylate
having the formuta "0,CR” can be a cyclopentyl group or a cyclohexy! group. In other embodiments,
R’ of the carboxylate having the formula "0,CR™ can be a cyclopentyl group; alternatively, a
substituted cyclopentyl group; alternatively, a cyclohexyl group; or alternatively, a substituted
cyelohexyl group. In an embodiment, cach substituent of a substituted cycloalkyl group (general or
specific) which can be utifized as R* independently can be a halide, a hydrocarbyl group, or a
hydrocarboxy group; alternatively, a halide or 8 hydrocarby! group; alternatively, a halide or a
hydrocarboxy group; alternatively, a hydrocarbyl group or a hydrocarboxy group: shematively, a

halide; alternatively, a hydrocarbyl group; or alternatively, a hydrocarboxy group.

182641 In an aspect, the aryl group (substituted or unsubstituted) which can be utilized as R* of the
carboxylate having the formula 0,CR™ can be a Ce-Cyy aryl group (substituted or unsubstituted);
aliernatively, a Cs-C o aryl group (substituted or unsubstituted); or alternatively, a Co-Cyy aryl group
(substituted or unsubstituted). In an embodiment, R™ of the carboxylate having the formula (,CR™
can be a phenyl group, a substituted phenyl group, @ naphthyl group, or a substituted naphthyl group;

ot alternatively, a phenyl group or a substitated phenyl group; alternatively, a naphthyl grovwp or
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substituted naphthyl group. In some embodiments, R™ of the carboxylate having the formula 0,CR™
can be a phenyl group or a naphthyl group. In other embodiments, R™ of the carboxylate having the
formula “0,CR™ can be a phenyl group; alternatively, a substituted phenyl group; altcrnatively, a
naphthy! group; or alternatively, a substituted naphthy! group. In an embodiment, the R™ substituted
phenyl group can be a 2-substituted phenyl group, a 3-substitoted phenyl groop, a 4-substituted
phenyi group, a 2,4-disubstituted phenyl group, a 2,6-disubstituted phenyl group, 3,5-disubstituted
pheny! group, or & 2,4,6-trisubstituted pheny! group. o other embodiments, the R substituted phenyl
group can be a 2-substituted phenyi group, & 4-substituted phenyl group, a 2,4-disubstituted phenyl
group, or 4 2,6-disubstituted pheny! group; alternatively, a 3-subsituted phenyl group or a 3,5-
disubstitated phenyl group: alternatively, a 2-substituted phenyl group or a 4-substitated phenyl
group; alternatively, a 2,4-disubstituted phenyl group or a 2,6-disubstituted phenyl group;
alternatively, a 2-substituted phenyl! group; alternatively, a 3-substituted phenyl group; slternatively, a
4-substituted phenyl group; alternatively, a 2,4-disubstituted phenyl group; alternatively, a 2,6~
disubstituted phenyl group; alternatively, 3,5-disubstituted pheny! groop; or alternatively, a 2,4,6-
nisubstitated pheayl group. In an embodimernt, cach substituent of an aryl group {general or specific),
substituted phenyl group (general or specific), or substituted naphthyl group (general or specific)
which can be utilized as R* independently can be a halide, a hydrocarbyl group, or a hydrocarboxy
group; alternatively, a halide or a hydrocarbyl group; alternatively, a halide or a hydrocarboxy group;
alternatively, a hydrocarbyl group or a hydrocarboxy group: alternatively, a halide; alternatively, a
hydrocarbyl group; or altornatively, a hydrocarboxy group.

182651 In an aspect, the aralkyl group (substitated or unsubstituted) which can be utilized as R of
the carboxylate having the formula 0,CR” can be a C-Chy aralkyl group (substituted or
ansubstituted); alternatively, a C;-Cyg aralkyl group (substituted or onsebstituted); or alternatively, a
,-Cy; aralkyl group (substituted or unsubstituted). In an embodiment, R of the carboxylate having
the formula O,CR™ can be a benzyl group or a substituted benzyl group. In an embodiment, ¥ of
the carboxylate having the formula 0,CR™ can be a benzyl group; or alternatively, a substituted
benzyl group. In an embodiment, each substituent of an aralkyl group (general or specific) which can
be utilized as R* independently can be a halide, a hydrocarbyl group, or a hydrocarboxy group;
alternatively, a halide or a hydrocarbyl group; alternatively, a halide or a hydrocarboxy group:
alternatively, a hydrocarbyl group or a hydrocarboxy group; alternatively, a halide; alternatively, a

hydrocarbyl group; ov alternatively, a hydrocarboxy group.

[8266] Halides, hydrocarbyl group substituents, and hydrocarboxy group substituents (also referred
to as non-hydrogen substituents or non-hydrogen substitaent groups) are independently disclosed
herein. These substituent groups can be utilized without limitation to further describe any substituted
hvdrocarbyl group {general or specific), substituted alkyl group {(general or specific), substituted

alkenyl group (gencral or specific), substituted cyeloalkyl group {general or specific), substituted
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cycloalkenyl group (general or specific), substitated aryl group {general or specific), substituted

arailyl group (general or specific) described herein.

182677 In an cmbodiment, the substitated R™ phenyl group can be a telyl group, a xylyl groap, or a
trimethylphenyl group; alternatively, a tolvl group; alternatively, a xylene group; or alteroatively, a
trimethyiphenyl group. In some embodiments, the R™ tolyl group can be an ortho-tolyl group, a
meta-tolyl group, or a para-tolyl group; alternatively, an ortho-tolyl group; alternatively, a meta-tolyl
group; or alternatively, a para-tolyl group In an embodiment, the R* xylyl group can be a 2,3-
dimethyiphenyl group, a 2,4-dimethyiphenyl group, a 2,5-dimethylphenyl group, & 2,6-
dimethyiphenyl group, a 3,4-dimethyipheny! group, or a 3,5-dimethylphenyl group; alicmatively, 2

2 4-dimethylphenyl group or 4 2,6-dimethylphenyl group; alternatively, a 2,3-dimethylpheny! group;
alternatively, a 2 4-dimethylphenyl groop; alternatively, a 2,5-dimethylphenyl group; alternatively, a
2,6-dimethyiphenyl group; altematively, a 3,4-dimethylpheny! group: or alternatively, a 3,5-dimethyl

group.

[9268] o an aspect, each monocarboxylate group independently can be, comprise, or consist
essentially of, acetate, a propionate, a butyrate, a pentanoate, a hexanoate, a heptanoate, an octanoate,
a nonanoate, a decancate, an undecanoate, a dodecanoate, a tridecanoate, a tetradecanoate, a
pentadecanoaie, a hexadecanoate, a heptadecanoate, an octadecanoate, or any combination thereof
alternatively, a propionate, a butyrate, a pentanoate, a hexanoate, a heptanoate, an octanoate, a
nonanoate, a decanoate, an undecancate, a dodecanocate, a tridecanoate, 8 tetradecanocate, a
pentadecanocate, a hexadecanoate, a heptadecanoate, an octadecanocate, or any combination thereof; or
alternatively, a pentanoate, a hoxanoate, a heptanoate, an octancaie, a nonanoate, @ decanoate, an
undecanoate, a dodecanoate, or any combination thereof. In some embodiments, cach
monecarboxylate group independently can be, comprise, or consist essentially of, acetate, propionate,
n-butyrate, isobuatyrate, valerate (n-pentanoate), neo-pentanoate, capronate (n-hexanoate), n-
heptanoate, caprylate (n-octanoate), 2-ethythexancate, n-nonanocate, caprate (n-decanoate), n-
undecanoate, lauraie (n-dodecanoate), stearaic (n-octadecanoate), or any combination thereof;
alternatively, propionate, n-butyrate, isobutyrate, valerate (n-pentanoate), neo-pentanoate, capronate
(n-hexanoate), n-heptanoate, caprylate (n-octaneate), 2-ethylhexanoate, n-nonanocate, caprate (n-
decanoate}, n-undecanocate, laurate (n-dodecanocate), stearate (n-octadecanoate), or any combination
thereof; alternatively, valerate (n-pentanoate), neo-pentancate, capronate (n-hexancate), n-heptancate,
caprylate (n-octancate), 2-cthythexanoate, n-nonanocate, capraie (n-decanoate}, n-undecanoate, laurate
{n-dodecanoate), or any combination thereof, or alternatively, valerate (n-pentanoate), caprylate (n-
octanoate), or 2-cthylhexanocate. In some embodiments, each monocarboxylate groop independently
can be, comprise, or consist cssentially of, acetate; alternatively, a propionate; altomatively, a
butyrate; alternatively, n-butyrate; alternatively, isobutyrate; alternatively, 2 pentanoate; alternatively,

valerate (n-pentanocate); alternatively, neo-pentanoate; alternatively, a hexanoate; alternatively,
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capronate (n-hexanoate); alternatively, a heptanoate; alternatively, an octanoate; alternatively,
caprylate {n-octancate); alternatively, 2-cthythexanoate; alternatively, a nonanoate; alternatively, a
decanoate; alternatively, caprate {n-decanocate); alternatively, an undecanoate; alternatively, a
dodecanoate; alternatively, lavrate (n-dodecancate); alternatively, a tridecanoate; alternatively, a
tetradecancate; alternatively, a pentadecancate; alternatively, a hexadecanoate; alternatively, a

heptadecanoate; altematively, an octadecanocaie; or sltcrnatively, stearate(n-octadecanoate).

18269] In an aspect, cach monocarboxylate group independenily can be, comprise, or consist
essentially of, benzoate, a substituted benzoate, a naphthoate, or a substituted naphthoate. In some
cmbodiments, each monocarboxylate group independently can be, comprise, or consist essentially of,
benzoate or a substituted benzoate; alternatively, a naphthoate or a substituted naphtheate. In other
embodiments, the monocarboxylate group can be, comprise, or consist cssentially of, benzoate or
naphthoate. In yet other emubodiments, monocarboxylate group independently can be, comprise, or
consist essentially of, benzoate; alternatively, a substituted benzoate; alternatively, naphthoate; or
alternatively, a substituted naphthoate. In some embodiments, cach monocarboxylate independently
can be, comprise, or consist essentially of, a methyl benzoate, a dimethyl benzoate, a
mmethylbenzoate, or any combination thereof] alternatively, a methyl benzoate; alternatively, a
dimethyl benzoate; or aliernatively, & trimethylbenzoate. In an embodiment, the methylbenzoate can
be, comprise, or consist essentially of, 2-methylbenzoate, 3-methylbenzoate, 4-methylbenzoate or any
combination thereof, alternatively, 2-methylbenzoate, 4-methylbenzoate, or any combination thereof;
alternatively, 2-methylbenzoate; alternatively, 3-methylbenzoate; or akliernatively, 4-methylbenzoate.
In an embodiment, the dimethylbenzoate can be, comprise, or consist essentially of,
2,3-dimethyibenzoate, 2, 4-dimethylbenzoate, 2,5-dimethylbenzoate, 2,6-dimethylbenzoate,

3. 4-dimethylbenzoate, 3,5-dimethylbenzoate, or any combination thereof, alternatively,
2.4-dimethylbenzoate 2,6-dimethylbenzoate, or any combination thercof; alternatively,

2 3-dimethylbenzoate; alternatively, 2, 4-dimethylbenzoate; alternatively, 2,5-dimethylbenzoate;
alternatively, 2,6-dimethylbenrzoate; altornatively, 3,4-dimethylbenzoate; or alicmatively,
3,5-dimethylbenzoate. In an embodiment, the trimethyibenzoate can be, comprise, or consist
gssentially of, 2 4,6-trimethylbenzoate. In an embodiment, each mongccarboxylic acid can be,
comprise, or consist essentially of, phenylacetic acid, a substituted phenylacetic acid, or any

combination thereof ahternatively, phenyiacetic acid; or alternatively, & substituted phenyl acetic acid.

[9276]  As disclosed herein, a wide range carboxylates for the Group 1 or Group 2 metal
carboxylates can be utilized n the methods disclosed herein. The Group] or Group 2 metal and the
carboxylates of the Group! or Group 2 metal carboxylate are independently described herein and can
be utilized in any combination to describe g general or specific metal carboxylates which can wtilized

in the methods described herein,
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[8271]  In a non-limiting embodiment, the Group | or Group 2 metal carboxylate can be, comprise,
or consist essentially of, 8 sodiom or potassivm carboxylate; alternatively, a sodium carboxylate; or
alternatively a potassium carboxylate. In some nou-Hmiting embodimnents, the Group 1 or Group 2
metal carboxylate can be, comprise, or consist essentially of, sodinm or potassiom oxalate, sodium or
potassivm maleate, sodium or potassium succinate, sodium or potassium ghutarate, sodivm or
potassivm adipate, sodivm or potassium phihalate, sodium or potassium isophthalate, sodium or
potassium terephthalate, sodium or potassium cifrate, or any combination thercof; alternatively,
sodium or potassiurn maleate, soditm or potassiurn succinate, sodivm or potassium glotarate, sedium
ot potassiuim adipate, sodium or potassium phthalate, sodium or potassiom isophthalate, sodiom or
potassium {erephthalate, or any combination thergof, alternatively, sodium oxalate, sodiom maleate,
sodium succinaie, sodium glutarate, sodivm adipate, sodivm phthalate, sodium isophthalate, sodium
terephthalate, sodivnn citrate, or any combination thereof; alternatively, sodinm maleate, sodium
suceinate, sodium glutarate, sodium adipate, sodium phthalate, sodium isophthalate, sodium
terephthalate, or any combination theveof; alternatively, potassium oxalate, potassium maleate,
potassivm succinate, potassivm glotarate, potassivm adipate, potassium phthalate, potassiom
isophthalate, potassivm terephthalate, potassium citrate, or any combination thereof; or alternatively,
potassivm maleate, potassium succinate, potassium glutarate, potassiom adipate, potassium phthalate,
potassivan isophthalate, potassiunm tevephthalate, or any combination thercof. In other non-limiting
embodiments, the Group | or Group 2 metal carboxylate can be, comprise, or consist essentially of,
sodium or potassium oxalate; alicrnatively, sodium or potassium maleate; alterpatively, sodium or
potassivm succinate; alternatively, sodiam or potassiom glutarate; alternatively, sodium or potassium
adipate; alternatively, sodimm or potassium phthalate; alternatively, sodium or potassium isophthalate;
alternatively, sodium or potassivm terephthalate, sodinm or potassium citrate; alternatively, sodiom
oxalate; alternatively, sodivm maleate; aliornatively, sodium succinate; aliernatively, sodium
glutarate; alternatively, sodiun adipate; alternatively, sodiom phthalate; alternatively, sodium
1sophthalate; alternatively, sodiom terephthalate; alternatively, sodiim citrate; alternatively, potassium
oxalate; alicrnatively, potassium maleate; alternatively, potassium succinate; alternatively, potassiom
glutarate; alternatively, potassium adipate; alternatively, potassivm phthalate; alternatively, potassium

1sophthalate; aliernatively, potassinm terephthalate; or aliernatively, potassium citrate,

19272 In a non-limiting embodiment, the Group | or Group 2 metal carboxylate can be, comprise,
or consist essentially of, sodium or potassium acetate, sodium or potassium propionate, a sodium or
potassivm butyrate, a sodiom or potassium pentanoate, a sodium or potassiion hexanoate, a sodiam or
potassivm heptanoate, a soditm or potassivm octanoate, a sedivm or potassivm nonanocate, a sodium
or potassium decanoate, a sodium or potassium undecanoate, a sodium or potassium dodecanoate, a
sodium or potassium tridecanoate, a sodiom or potassium tetradecanoste, a sodium or potassium

pentadecanoate, a sodium or potassium hexadecanoate, 2 sodivm or potassium heptadecanoate, a
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sodivm or potassium octadecancate, a sodiium or potassivm icosanoate, a sodium or potassivim
docosanoate, a sodium or potassium tefracosanocate, sodium or potassivm benzoate, a substituted
sodium or potassium benzoate, or any combination thereof] aliornatively, sodium or potassivm
propionate, a sodium or potassium butyrate, a sodium or potassium pentanoate, a sodium or potassium
hexanoate, a sodium or potassium heptanoate, a sodium or potassium octanoate, a sodivm or
potassivm nonanoate, a sodium o1 potassivm decanocaie, a sodivm or potassium undecanoate, a
sodium or potassiurn dodecanoate, a sodiume ot potassium tridecanoate, a sodium or potassium
tetradecaneate, & sodivm or potassiur pentadecanoate, a sodivm or potassium hexadecanoate, a
sodium or potassium heptadecanoate, 4 sodium or potassium octadecanoate, a sodivm or potassium
icosanoate, a sodium or potassium docosancate, a sodium or potassiym tefracosancate, a sodivm or
potassivm benzeate, a substituted sodium or potassium benroate, or any combination thereof;
alternatively, a sodium or potassium pentancate, a sodiur or potassium hexanoate, a sodium or
potassium heptancate, a sodium or potassium octanoate, a sodim ot potassium nonaneate, a sodium
or potassium decanoate, a sodium or potassiom undecanocate, sodium or potasshum dodecanoate, or
any combination thereof. in a non-limiting embodiment, the Group 1 or Group 2 metal carboxylate
can be, comprise, or consist cssentially of, sodium acetate, sodium propionate, a sodivm butyrate, a
sodium pentanocate, a sodium hexanoate, a sodium heptanoate, a sodium octanocate, a sodium
nonancate, a sodium decanoate, a sodium undecanoate, a sodium dodecanoate, a sodium tridecanoate,
a sodium tetradecancate, a sodium pentadecanoate, a sodium hexadecanoate, a sodium
heptadecanoate, a sodium octadecanoate, a sodium icosanoate, a sodium docosanoate, a sodium
tetracosane, sodium benzoate, a substituted sodim benzoate, or any combination thereof;
aliernatively, sodiom propionate, a sodium butyrate, a sodinnm pentanocate, a sodivum hexanoate, a
sodium heptancate, a sodivm octancate, a sodium nonanoate, a sedium decanoate, a sodium
undecanoate, a sodium dodecanoate, a sodium tridecanoate, a sodium tetradecanoate, a sodium
pentadecanoate, a sodium hexadecanoate, a sodium heptadecanocate, a sodium octadecancate, a
sodigm icosanoate, a sodium docosanoate, a sodium tetracosanoate, a sodiunm benroate, a substituted
sodiom benzoate, or any combination thereof alternatively, a sodium pentaneate, a sodium
hexanoate, a sodium heptanoate, 2 sodium octanoate, a sodium nonanoate, a8 sodivm decanoate, a
sodium undecanoate, sodivm dodecanoate, or any combination thercof. In other non-lmiting
embodiments, the Group | or Group 2 metal carboxylate can be, comprise, or consist essentially of,
potassivm acetate, potassivm propionate, a potassivim batyrate, a potassium pentanoate, a potassiom
hexanoate, a potassivin hepianoate, a polassim octanoate, a potassivm nonancate, a potassiom
decanoate, a potassium undecancate, a potassium dodecanoate, a potassium tridecanoate, a potassivm
tetradecanocate, a potassium pentadecanoate, a potassiom hexadecanoate, a potassium heptadecanoate,
a potassivm octadecanoate, a potassium icosanocate, a potassiom docosancate, a potassiom
tetracosanoate, potassium benzoate, a substituted potassium benzoate, or any combination thereof;

alternatively, potassium propionate, & potassium butyrate, & potassium pentanoate, a potassivm
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hexanoate, a potassium heptancate, a potassium octanoate, a potassivm nonanocate, a potassivum
decanoate, a potassium vadecanoate, a potassivm dodecanoate, a potassivim tridecanocate, a potassium
tetradecanocate, & potassiurs pontadecanoate, a potassium hexadecanoate, a potassiur heptadecanoate,
a potassium octadecanoate, a potassium icosanoate, a potassivim docosancate, a potassium
teiracosanoate, a potassivim benzoate, a substituted potassivim benzoate, or any combination thergof;
aliernatively, a potassium pentanoate, a potassium hexanoate, a potassiun heptanoate, a potassium
octanoate, a potassium nonanoate, a potassium decanoate, a potassium undecanocate, & potassiurg

dodecanocate, or any combination thereof,

18273]  In a von-limiting erobodiment, the Group | or Group 2 metal carboxylate can be, comprise,
ot consist essentially of, sodium or potassium acetate, sodium or potassium propionate, sodivm or
potassivan n-buotyrate, sodium or potassiom ischutyrate, sodivmm or potassiam valerate (n-pentanoate),
sodivm or potassium neo-pentanoate, sodivm or potassivm capronate {n-hexanoate), sodium or
potassitnn n-heptanoate, sodium or potassium caprylate (n-octanoate), sodium or potassium 2-
cthylhexanoate, sodium or potassium n-nonanocate, sodivm or potassium caprate (n-decanosate),
sodium or potassium n-sndecanoate, sodivm or potassium laurate (n-dodecancate}, sodium or
potassivm stearate (n-octadecanoate), sodium or potassiom benzoate, or any combination thercof;
alternatively, sodium or potassium propionate, sodinm or potassitin n-butyrate, sodium or potassium
1sobutyrate, sodium or potassium valerate (n-pentancate), sodivm or potassivm neo-pentanoate,
sodivm or potassium capronate (n-hexanoate), sodivan or potassiuim n-heptanoate, sodium or
potassivm caprylate (n-octanoate), sodium or potassium 2-cthylhexanoate, sodium or potassivm -
nonanoate, sodiam or potassung caprate (n-decanoate), sodivm or potassivm n-undecanoate, sodiam
or potassium laurate (n-dodecanoate), sodium or potassium stearate (n-octadecanoate), sodium or
potassivm benzoate, or any combination thereof; alternatively, sodium or potassivm valerate (n-
pentanoate), sodium or potassium neo-pentancate, sodium or potassium capronate (n-hexanoate),
sodium or potassiur n-heptanoate, sodium or potassium caprylate (n-octanocate), sodium or potassivm
2-ethylhexanoate, sodivm or potassium n-nonanocate, sodium ot potagsium caprate (n-decanoaie),
sodium or potassium n-undecanoate, soditam or potassium laurate (n-dodecanoate), or any
combination thereof. In some non-limiting embodiments, the Groop 1 or Group 2 metal carboxylate
can be, comprise, or consist essentially of, sodium acetate, sodium propionate, sodium n-butyrate,
sodium sohutyrate, sodium valerate {n-pentanoate), sedivm neo-pentanocate, sodium capronate (n-
hexanoate), sodium n-heptanoate, sodium caprylate (n-octanoate), sodium 2-ethythexancate, sodium
n-nonanoate, sodium caprate (n-decancate), sodium n-sndecancate, sodiom laurate (n-dodecanocate),
sodivim stearate {n-octadecanoate), sodium benzoate, or any combination thereof; alternatively,
sodium propionate, sodium n-butyrate, sodivm isehuiyrate, sodium valerate (n-pentanocate), sodium
neo-pentanocate, sodim capronate {(n-hexanocate), sodiinm n-heptanoate, sodiom caprylate (n-

getanoate), sodiom 2-ethylhexanoate, sodivum n-nonanocate, sodivm caprate (n-decanoate), sodivam n-
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undecanoate, sodivm laurate {n-dodecanoate), sodium stearate (n-pctadecanocate), sodium benzoale, or
airy combination thereof, alternatively, sodivm valerate {(n-pentanoate), sodium neo-pentanoate,
sodium capronate {(n-hexanoate), sodium n-heptanocate, sodium caprylate (n-octanoate), sodium 2-
cthylhexanoate, sodium n-nonanpate, sodivm caprate {n-decanoate}, sodivm n-undecanoate, sodium
laurate (n-dodecanoate}, or any combination thereof. In other non-limiting embodiments, the Group 1
or Group 2 metal carboxylate can be, comprise, or consist essentially of, potassium acetate, potassium
propionate, potassium n-butyrate, potassium isobutyrate, potassium valerate (n-pentanoate),
potassiuvm neo-pentanoate, potassivrg capronate (u-hexanoate), potassitnn n-heptanoate, potassium
caprylate {(n-octanocate), potassium 2-cthylhexanoate, potassium n-nonanoate, potassium caprate (n-
decanoate), potassium p-umdecanoate, potassiom laurate (n-dodecanocate), potassium stearate (n-
octadecancate), potassium benzoate, or any combination thereof; alternatively, potassium propionate,
potassitnn n-butyrate, potassitig isobutyrate, potassitnn valerate (n-pentanoate), potassium neo-
pentanoate, potassiuim capronate (n-hexanoate), potassium n-heptanoate, potassium caprylate (n-
octanoate), potassium 2-cthylhexanoate, potassiunn n-nopanoate, potassiin caprate (n-decanoate),
potassivm n-undecanoate, potassium lauraic (n-dodecancate), potassium stecarate (n-octadecanoatc),
potassium benzeate, ot any combination thereof; or alternatively, potassium valerate (n-pentanosate),
potassivim neo-pentanoate, potassium capronate (n-hexanoate), potassiom n-heptanoate, potassium
caprylate {(n-octanocate), potassinm 2-cthylhexanoate, potassivm n-nonanoate, potassivm caprate {n-
decanoate), potassium p-undecanoale, potassium lavrate (n-dodecanoaic), or any combination thereof.
In yet other non-limiting embodiments, the Group 1 or Group 2 metal carboxylate can be, comprise,
or consist essentially of, sodium acetate; alternatively, sodinm propionate; alternatively, sodium n-
butyrate; alternatively, sodiom isobutyrate; alternatively, sodium valerate (n-pentanoate);
aliernatively, sodium neo-pentancate; aliernatively, sodium capronate (n-hexanoaie); alternatively,
sodium n-heptanoate; aliernatively, sodium capryvlate (n-octanoate); alternatively, sodivm 2-
ethiythexanoate; alternatively, sodium n-nonanoate; alternatively, sodium caprate (n-decanoate);
alternatively, sodium n-undecanecate; alternatively, sodium laurate (n-dodecanoate); aliematively,
sodivm stearate (n-octadecanoate); alternatively, sodium benroate; alternatively, potassium acetate;
alternatively, potassium propionate; altornatively, potassium n-butyrate; alternatively, potassivum
1sobutyrate; alternatively, potassivm valerate (o-pentanoaie); alicrnatively, potassinm neo-pentanoate;
alternatively, potassivim capronate (n-hexanoate); alternatively, potassium n-heptanoate; alternatively,
potassivm caprylate (n-octanoate); alterpatively, potassium 2-ethylhexanoate; alternatively, potassium
n-nonanoate; alternatively, potassiom caprate (n-decanocate); allernatively, potassium n-undecancate;
alternatively, potassium laurate (n-dodecanocate}; alternatively, potassium stearate (n-octadecanocate);

ot aliernatively, potassium benzoate.

{8274}  In a non-limiting ernbodiment, the Group | ov Group 2 metal carboxylate can be, comprise,

or consist essentially of, sodium or potassium benzoate, a sodium or potassium methylbenzoate, a
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sodivm or potassium di-methyibenzoate, sodiom or potassiinn naphthenate, or any combination
thereof. In some non-limiting ermbodiments, the Group 1 or Group 2 metal carboxylate can be,
comprise, or consist essentially of, sedivm benzoate, a sodium methylbenzoate, sodivm di-
methylbenzoate, sodium naphthenate, or any combination thercof; alternatively, potassium benzoate,
a potassivm methylbenzoate, a potassium dimethylbenzoate, potassiom naphthenate, or any
combination thercof. In other non-limiting embodiments, the Group 1 or Group 2 metal carboxylate
can be, comprise, or consist cssentially of, sodium benzoate; alternatively, a sodium methylbenzeate;
alternatively, sodium dirsethylbonzoate; alternatively, sodinm naphthenate; alternatively, potassium
benroate; alternatively, a potassium methylbenzoate; alternatively, a potassium dimethylbenzoate; or

alternatively, potassiom naphthenate.

[8275]  In anaspect, the Group | or Group 2 metal carboxylate vtilized in any aspect or any
embodiment disclosed herein can be substantially anhydrous; or alternatively, anhydrous. In some
embodiments the Group 1 or Group 2 metal carboxylate can have a water content of less than or equal
to 100 ppm; alternatively, less than or equal to 90 ppm; alternatively, less than or equal 1o 80 ppmy;
aliernatively, less than or equal to 70 ppmy; alternatively, less than or equal to 60 ppm; alternatively,
less than or equal to 50 ppm; alternatively, less than or equal to 40 ppm; alternatively, fess than or
equal to 30 ppoy; aliernatively, less than or equal to 20 ppuoy alieratively, less than or equal 1o 10
ppoy; alternatively, less than or equal to 9 ppm; alternatively, less than or equal to 8 ppm;
alternatively, less than or eqoal to 7 ppmy; alternatively, less than or equal to 6 ppm; alternatively, less
than or cqual t¢ § ppuy; alternatively, less than or equal to 4 ppm; alternatively, less than or equal to 3
ppm; alterpatively, less than or equal to 2 ppmy; or aliernatively, less than or equal 1o 1 ppm.
Generally, the water content of the Group | or Group 2 metal carboxylate can be based on the ppm
{by weight} of water in the Group 1 or Group 2 metal carboxylate. 1t should be noted that the water
present in the Group 1 or Group 2 metal carboxylaie can be in the form of Group 1 or Group 2 metal

carboxylate impuritics and/or intorstitial water in the Group 1 or Group 2 metal carboxylate.

18276] In anaspect, the Group I or Group 2 metal carboxylate utilized in any aspect or any
cembodiment disclosed herein can be substantially acid-free. 1o some embodiments, the Group | or
Group 2 metal carboxylate can have an acid content of less than or equal to 1000 ppm; alternatively,
less than or equal to 750 ppm; alternatively, less than or equal to SO0 ppm; or alternatively, less than
or equal to 250 ppm. In other embodiments, the Group 1 or Group 2 metal carboxylate can have an
acid content of less than or equal to 100 ppm; altcrpatively, less than or equal to 90 ppmy;
alternatively, less than or equal to 80 ppmy; alternatively, less than or equal o 70 ppro; alternatively,
less than or equal to 60 ppmy; alternatively, less than or cqual to 50 ppm; alternatively, less than or
equal to 40 ppmy; alternatively, less than or equal to 30 ppuy aliernatively, less than or equal o 20
ppuoy, alicrnatively, less than or equal to 10 ppoy altematively, less than or equal to © ppmyg

alternatively, less than or equal to § ppm; alternatively, less than or equal to 7 ppm; alternatively, less
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than or equal to 6 ppmy; altermatively, less than or equal {0 5 ppm; alternatively, less than or equal to 4
ppm; alternatively, less than or equal to 3 ppm; aliernatively, iess than or equal to 2 ppoy; or
alternatively, less than or equal to 1 ppm. Generally, the acid content of the Group 1 or Group 2 metal
carboxylate can be based on the ppm (by weight) of acid in the Group 1 or Group 2 metal carboxylate.
1t should be noted that the acid present in the Group | or Group 2 metal carboxylate can be in the
form of Group 1 or Group 2 metal carboxylate impurities and/or interstitial acid in the Group 1 or

Group 2 metal carboxyiate.

18277]  Inanaspect, the solvent that can be utilized in the step of contacting s transition metal
precursor, & Group 1 or Group 2 metal carboxylate, and a solvent can be any solvent suitable for the
process. In an embodiment, the solvent that can be utilized in the step of contacting 8 transition metal
precurser, a Group 1 or Group 2 metal carboxyiate, and 2 solvent can be, comprise, or congsist
essentially of, aprotic solvent, In some embodiments, the sclvent that can be utilized in the step of
contacting a transition metal precursor, a Greup 1 or Group 2 metal carboxylate, and a solvent can be,
comprise, or consist essentially of, a non-polar solvent, an aprotic polar solvent, or any combination
thereof; alternatively, a combination of a non-polar solvent and an aprotic polar solvent; altematively,
a non-polar solvent; or alternatively, an aprotic polar selvent. Solvents {(aprotic, non-polar, and/or
aprotic polar) are independently described herein and can be utilized without Himitation to further
describe the solvent that can be utilized in the step of contacting 2 transition metal precursor, a Group

1 or Group 2 metal carboxylate, and a solvent.

[8278] In an embodiment, the non-polar solvent can be, comprise, or consist essentially of, a
hydrocarbon, a halogenated hydrocarbon, or any combination thereof; alternatively, a hydrocarbon; or
alternatively, a halogenated hydrocarbon. Hydrocarbon solvents and halogenated hydrocarbon
solvents are independently deseribed herein and can be utilized without Hmitation as the solvent in the

step of contacting a transttion metal precursor, a Group 1 or Growp 2 metal carboxylate, and a solvent.

182791  In an embodiment, the aprotic polar solvent can be, comprise, or consist essentially of, any
compownd which can be utilized as the neutral hgand described herein. In some embodiments, the
aprotic polar solvent can be, comprise, or consist essentially of, the same compound which is utilized
as the neutral lgand of the utilized transition metal precursor. In other embodiments, the aprotic polar
solvent can be, comprise, or consist essentially of, a different compound than that which 1s utilized as
the neutral ligand of the utilized transition metal precursor. In aspects and embodiments, where the
transition metal precursor does not have a neotral ligand, the aprotic polar solvent can be, comprise, or
consist essentially of, any comapound(s) described herein which could be utilized as a neuiral ligand
for the transition metal precursor. Compounds which can be utilized as the neatral Hgand ave
independently described herein and can be otilized without Bmitation as the solvent in the step of

contaciing a transition metal precursor, a Group 1 or Group 2 metal carboxyiate, and a solvent.
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[8288]  In an aspect, the solvent utilized in the any aspect or any embodiment disclosed herein can
be substantially anhydrous; or alicrnatively, avhydrous. In some embodimenis the solvent can have a
water content of less than or equal to 100 ppra; alternatively, less than or equal to 90 ppm;
alternatively, less than or equal to 80 ppm; alternatively, less than or equal 1o 70 ppio; alternatively,
less than or equal to 60 ppmy; alterpatively, less than or equal to 50 ppny; alternatively, less than or
equal to 40 ppmy; alternatively, less than or equal {0 30 ppuy aliernatively, less than or equal to 20
ppuy ot alternatively, less than or equal to 10 ppmy; altormatively, less than or equal 1o 9 ppm;
alternatively, less than or equal to 8 ppoy alternatively, less than or equal to 7 ppm; alternatively, less
than or equal 1o 6 ppm; alternatively, less than or equal to 5 ppm; alternatively, less than orequal to 4
ppm; alternatively, less than or equal to 3 ppm; akiernatively, less than or equal to 2 ppmy; or
alternatively, less than or equal to | ppm. Generally, the water content of the solvent can be based on

the ppm (by weight) of water in the solvent.

192811 v an aspect, the solvent utilized in any aspect or any embodiment disclosed herein canbe
substantially acid-free. In some embodiments, the solvent can have an acid content of jess than or
equal to 1000 ppm; aliernatively, less than or equal to 750 ppmy; alternatively, less than or equal to
500 ppy; or alternatively, less than or equal to 250 ppm. In other embodiments, the solvent can have
an acid content of less than or equal to 100 ppm; alternatively, less than or equal to 90 ppmy
alternatively, less than or equal to 80 ppmy; alternatively, less than or equal to 70 ppm; aliernatively,
less than or equal to 60 ppm; alternatively, less than or equal to 50 ppmy; alternatively, less than or
equal to 40 ppmy; alterpatively, less than or equal to 30 ppm; alternatively, less than or equal to 20
ppm; alterpatively, less than or equal to 10 ppm; alternatively, less than or equal to 9 ppny
alternatively, less than or equal to 8 ppmy; alternatively, less than or equal to 7 ppm; alternatively, less
than or equal to 6 ppm; alternatively, less than or equal to § ppm; alternatively, less than or equal to 4
ppuy; alternatively, less than or equal to 3 ppm; altermatively, less than or equal to 2 ppm; or
alternatively, less than or equal te | ppm. Generally, the acid content of the solvent can be based on

the ppm (by weight) of acid in the solvent.

18282]  In anaspect, the present disclosure describes a process for preparing a transition metal
carboxylate composition comprising: contacting 1) a fransition metal precursor, 2) a Group | or
Group 2 metal carboxylate, and 3) a solvent to form a transition metal carboxylate. In another aspect,
the present disclosure describes a process for preparing a transition metal carboxylate composition can
comprise: contacting 1) a transition metal precursor, 2) a Group 1 or Group 2 metal carboxylate, and
3} a solvent to form a solution comprising the transition metal cavboxvlate. In an embodiment, the
process for preparing a transition metal carboxylate composition can comprise: a) contacting 1) a
fransition metal precursor, 23 a Group 1 or Group 2 metal C5-Cys carboxylate, and 3} a solvent to form
a tramsition metal (5-Cys carboxylate. In some embodiments, the process for preparing a transition

metal carboxylate composition can comprise: a) contacting 1) a transition metal precursor, 2} a Group
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1 or Group 2 metal Cs-Cy; carboxylate, and 3) a solvent to form a solution comprising the transition
metal Cs-Cys carboxylate. The transition metal precursor {e.g. a chromivm{Ii) precursor, among
others disclosed berein), the Group 1 or Group 2 metal carboxylate (¢.g. a Group 1 or Group 2 metal
(3-Cys carboxyvlate, among others disclosed herein), and the solvent are independent elements of the
process of preparing 8 transition metal carboxylate composition. The process for preparing a
fransition metal carboxylate can be described using any combination of any aspect or any embodiment
of the transition metal precursor, Greup 1 or Group 2 maetal carboxylate described herein, or solvent

described herein,

18283]  In anaspect, the transition metal precursor (geveral or specific) utilized in the process for
producing the transition metal carboxylate can be a substantially anhydrous transition metal precursor,
alternatively, a substantially acid-free transition metal precursor; or alternatively, a sobstantially
anhydrous and substantially acid-free transition metal precursor. In an embodiment, the transition
metal precursor {general or specific) wtihized in the process for producing the transition metal
carboxylate can have any transition metal precursor water content disclosed herein. Inan
embodiment, the transition metal precursor (general or specific} utilized in the process for prodocing

the transition metal carboxylate can have any transition metal precursor acid content disclosed hercin.

{8284]  In anaspect, the Group T or Group 2 metal carboxylate (general or specific) utilized in the
process for producing the transition metal carboxyiate can be a substantially anhydrous Group 1 or
Group 2 metal carboxylate; alternatively, a substantially acid-free Group 1 or Group 2 metal
carboxylate; or alternatively, a substantially anhydrons and substantially acid-free Group 1 or Group 2
metal carboxylate. In an embodiment, the Group 1 or Group 2 metal carboxylate (general or specific)
wilized in the process for producing the transition metal carboxylate can bave any Group 1 or Group 2
metal carboxylate water content disclosed herein. In an embodiment, the Group | or Group 2 metal
carboxylate {general or specific) utilized in the process for producing the transition metal carboxylate

can have any Group 1 or Group 2 metal carboxylate acid content disclosed hercin.

18288]  In an aspect, the solvent utilized in the step of contacting the transition metal precursor, the
Group 1 or Group 2 metal carboxylate, and the solvent can be a substantislly anhydrous; altcmatively,
a substantially acid-free; or alternatively, a substantially anhydrous and substantially acid-free. In an
embodiment, the solvent utilized in the process for producing the transition metal carboxylate can
have any solvent water content disclosed herein. In an embodiment, the solvent utilized in the process

for producing the transition metal carboxylate can have any solvent acid content disclosed herein.

[8286] In an aspect, the transition metal precursor, the Group 1 or Group 2 metal carboxylate, and
solvent can be contacted under substantially anhydrous conditions; or altematively, under anhydrous
conditions. In another aspect, the transition metal carboxylate can be formed ander substantially

anhydrous conditions; or alternatively, under anhydrous conditions. In an aspect, the transition metal
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precursor, the Group 1 or Group 2 metal carboxylate, and solvent can be contacted under substantially
acid-free conditions; or alternatively, under acid-under conditions. In another aspect, the transition
metal carboxylate can be formed under substantially acid-free conditions; or alternatively, under acid-
ree conditions. In an embodiment, the each of the transition metal precursors, the Group 1 or Group
2 metal carboxylate, and the solvent can independently have any water content disclosed herein for
the transition metal precursor, the Group 1 or Group 2 metal carboxylate, and the solvent. Inan
aspect, the transition metal precursor, the Group 1 or Group 2 metal carboxylate, and schvent can be
contacted under substantially anhydrous and substantially acid-free conditions; or alternatively, vnder
anhydrous and acid-free conditions. In another aspect, the transition metal carboxylate can be formed
vnder substantially anhydrous and substantially acid-free conditions; or alternatively, under anhydrous
and acid-frec conditions. In an aspoct, the transition metal precursor, the Group 1 or Group 2 metal
carhoxylate, and solvent can be contacted under substantially acid-free conditions; or aliernatively,

vnder acid-under conditions.

182871  In an aspect, the transition metal precursor, the Group | or Group 2 metal carboxylate, and
the solvent can be contacted I any combination or order. In an embodiment, the transition metal
precursoy, the Group 1 or Group 2 metal carboxylate, and the solvent can be contacted
sinultancously. To an embodiment, the transition metal precursor and the solvent can be contacted to
form a mixture, and the mixture subsequently contacted with the Group 1 or Group 2 metal
carboxylate; altermatively, the Group 1 or Group 2 metal carboxylate and the solvent can be contacted
to form a mixture and the mixture subsequently contacted with the transition metal precursor; or
alternatively, 1) the transition metal precursor and a portion of the solverd can be contacted to form a
first mixture, 2) the Group | or Group 2 metal carboxylate and a portion of the solvent to form a
second mixture, and 3) contacting the first and second mixtores. In some embodiments, the solvent of
the first mixture is the same as the solvent of the second mixture. In other embodiments, the solvent

of the first mxiure and second mixture are difterent.

{8288]  In an aspect, the step of contacting the transition metal precursor, the Group 1 or Group 2
metal carboxylate, and the solvent is not limited to a specific type of contacting or formation process,
a specific reactor, or any particular engincering requirement. In an embodiment, the formation of the
transition metal carboxylate can occur via a batch process or a continuous process; alternatively, a
batch process; or alterpatively, a continuous process. In some cmbodiments, the formation of the
transition metal carboxylate oceur via a batch process in a slurry or mixture comprising, or consisting
essentially of, the transition metal precursor, the Group 1 or Group 2 metal carboxylate, and the
solvent.

18289] In an embodiment, any combination of the transition metal precursor, Group | or Group 2
metal carboxylate, and solvent can be contacted at a temperature ranging from -40 °C to 200 °C;

alternatively, -40 °C to 150 °C; alternatively, -40 °C 10 106 °C; alternatively, -20 °C to 80 °C; or



21pERIPOT
WO 2013/089963 123 PCT/US2012/065289

afternatively, 0 °C t¢ 60 °C. In an embodiment, the transition metal precursor (general or specific)
can be insoluble in the solvent at the temperature at which the transition metal precursor and solvent
arc contacted; alternatively, partially soluble in the sclvent at the temperature at which the transition
metal precursor and the solvent are contacted; or alternatively, soluble at the temperature at which the
transition metal precursor and the solvent are contacted. In an embodiment, the Groap 1 or Group 2
metal carboxylate (general or specific) can be insoluble in the solvent at the temperature the Group 1
or Group 2 metal carboxylate and solvent arc contacted; alternatively, partially soluble in the solvent
at the teraperature at which the Group 1 or Group 2 metal carboxylate and the solvent are contacted;
ot aliernatively, soluble at the temperature at which the Group 1 or Group 2 metal carboxylate and the

solvent are contacted.

[8298] In an embodiment, the transition metal precursor and the Group 1 or Group 2 metal
carboxyiate can be contacted at any suitable transition metal precursor to carboxylate group

equivalent ratio,

18291]  In an aspect, the transttion metal carboxylaie can be formed at conditions suitable for
forming a transition metal carboxylate. Conditions capable of forming the transition metal
carboxyliate can include, termperature, time, pressure, transition metal precursor to carboxylate group
ratio {molar or equivalent), and/or any combination thereof, among other conditions. These transition
metal carboxylate formation conditions are independently described herein and can be utilized in any

combination to further describe a process for producing a transition metal carboxylate composition.

[8292]  In an aspect, the ransition metal precursor and the Group! or Group 2 metal carboxylate
can be contacted at any suitable carboxylate group of the Group 1 or Group 2 metal carboxylate to
transition metal of the transition metal precursor equivalent ratio {L.c. carboxylate group to transition
metal equivalent ratio}. In an embodiment, the carboxylate group to transition metal equivalent ratio
can fall within a range of carboxylate group to transition metal equivalent ratios. In an embodiment,
the wmintmum equivalent ratio for any range of a carboxylate group to transition metal equivalent ratio
can be (.95:1; alternatively, 1:1; alternatively, 1.03:1; or alternatively, 1.05:1. In an embodiment, the
maximuom cquivalent ratio for any range of a carboxyiate group to transition metal equivalent ratio
can be 1.3:1; alternatively, 1:25; alternatively, 1.2:1; or alternatively, 1.15:1. In an cobodiment, the
carboxylate group to transition metal equivalent ratio can range from any minimum carboxylate group
to transition metal equivalent ratio described herein to any maxinnum transttion metal carboxylate
group {o fransition metal equivalent ratie described herein. In some non-limiting embodiments, the
carhoxylate group to transition metal equivalent ratio can range from 0.95:1 to 1.3:1; alternatively, 111
to 1.25:1; alternatively, 1:1 to 1.2:1 ; alternatively, 1.03:1 10 1.25:1; alternatively, 1.03:1 10 1.2:1;
aiternatively, 1.05:1 to 1.2:1; or alternatively, 1.05:1 to 1.15:1, Other carboxylate group to transition

metal cquivalent ratio ranges are readily apparent from the present disclosure. In snother non-limiting
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embodiment, the carboxylate group to transition metal equivalent ratic can be about 1.1:1. Generally,

the transition metal in the +x oxidation state contains x cquivalenis of the transition metal.

{8293]  In an aspect, the transition metal precursor and the Group! or Group 2 metal carboxylate
can be contacted at any suitable carboxylate group of the Group 1 or Group 2 metal carboxylate to
transition metal of the transition metal precursor molar ratio (.. carboxylate group to fransition metal
molar ratio). In an embodiment, the carboxylate group to transition metal molar ratio can fall within a
range of carboxylate group to transition metal molar ratios. Geoerally, the carboxylate group to
fransition metal molar ratio and the carboxylate group to trapsition metal equivaient ratio are related
by the oxidation state of the transition metal of the transition metal precursor in that the number of
moles of carboxylate group utilized equals the x * the number of carboxylate group equivalents. Inan
embodiment, the minimum molar ratio for any range of a carboxylate group to transition metal molar
ratio can be 0.95%x:1; alternatively, 1*™x:1; alternatively, 1.03%x:1; or alternatively, LOS*x:1. Inan
embodiment, the maximum moelar ratio for any range of a carboxylate group to transition metal molar
ratio can be 1.3%x:1; alternatively, 1¥x:25; alternatively, 1.2%x:1; or alternatively, 1.15%x:1. Inan
embodiment, the carboxylate group to trapsition metal molar ratio can range from any mininnmm
carboxyiate group to transition metal molar ratic described herein to any maximum transition metal
molar ratio described herein. [o some non-tuniting embodiments, the carboxylate group to transition
metal melar ratio can range from 0.95%x:1 to 1.3%x01; alternatively, 151 to 1.25%x:1; alternatively,
PFx:tto 1.2%x:1 ; alterpatively, 103%x:1 t0 1.25%¢1; alternatively, 1.03%x:1t0 1.2%x:1 ;
alternatively, LO5%x:1 to 1.2%x:1; or alternatively, 1.05%x:1 to 1.15%x:1. In another non-Himiting
embodiment, the carboxyiate group to fransition metal equivalent ratie can be about 1.1%x:1. Other
carboxylate group to transition metal molar ratio ranges are readily apparcnt from the present

disclosure.

18294] In an embodiment, the transition metal carboxylate can be formed at a temperature ranging
from ranging from -40 °C to 200 °C; alternatively, -40 °C to 150 °C; alternatively, -40 °C {0 100 °C;
alternatively, -20 “C to 80 °C; or alternatively, 0 °C to 60 °C. In an embodiment, the transition metal
precursor {general or specific) can be insoluble in the solvent at the temperature at which the
transition metal carboxylate can be formed; alternatively, partially soluble in the solvent at the
temperature at which the transition metal carboxylate can be formed; or alternatively, soluble at the
temperature at which the transition metal carboxyiate can be formed. In an embodiment, the Group |
or Group 2 metal carboxylate {general or specific) can be jnsoluble in the solvent at the temperature at
which the transition metal carboxylate can be formed; alternatively, partially soluble in the solvent at
the temperature at which the transition metal carboxylate can be formed; or alternatively, soluble at
the temperature at which the transition metal carboxylate can be formed. The temperature at which
any combination of the transition metal precurser, Group 1 or Group 2 metal carboxylate, and solvent

can be contact temperature and the transition metal carboxylate formation temperature are
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independent of cach other. In should be noted when the contact temperature and the formation
temperature is different, that this does not irmply that the formation of the transition metal carboxylate
cannot begin at the contact femperature or at a temperature between the contact temperature and the
formation temperature. The formation temperatare just indicates that at some point the formation of a
portion of the transition metal carboxylate occurs at the prescribed formation temperature. 1t should
be also noted that the transition metal precursor, Group 1 or Group 2 metal carboxylate, and solvent
can be contacted at one temperature (one at which the formation of the transition metal carboxylate
can slowly form) and then the transition metal formed at a sccond teraperature (or alternatively, the
mixture comprising, consisting essentially of, or consisting of, the transition metal precursor, the
Group 1 or Group 2 metal carboxvlate, and the solvent subjected to second temperature for formation

of the transition metal carboxylaie),

{8295]  In an aspect, the formation time of the fransition metal carboxylate (or alternatively, a
contact time for fransition metal precursor, Group 1 or Group 2 metal carboxylate, and solvent) can be
at least (.1 hours; alternatively, at least 0.15 hours; alternatively, at least 0.2 hours; alternatively, at
least .25 hours; alternatively, at least 0.3 hours; alternatively, at least .35 hours; alternatively, at
lcast .43, hours; or afternatively, at least 0.5 howrs. In an embodiment, the maximum formation time
of the transition metal carboxylate {(or alternatively, a contact time for transition metal precursor,
Group 1 or Group 2 metal carboxylate, and solvent) can be 168 hours; alternatively, 144 hours;
aiternatively, 120 hours; akiernatively, 96 hours; alternatively, 72 hours; alternatively, 4R hours;
alternatively, 36 hours; alternatively, 24 hours; alternatively, I8 hours; alternatively, 15 hours;

any
7
i

alternatively, 12 hours; alternatively, 9 hours; alternatively, § hours; or alternatively, 7 hours. o some
embodiments, a condition capable of forming the chromium{H1) halide complex can include a
formation time of the transition metal carboxylate (or alternatively, 8 contact time for transition metal
precursor, Group 1 or Group 2 metal carboxylate, and solvent) that can range from any minimum
transition metal carboxylate formation time (or alternatively, transition metal precursor, Group 1 or
Group 2 metal carboxylate, and solvent cordact time) disclosed herein to any maximum transition
metal carboxylate formation time (or alternatively, transition metal precursor, Group 1 or Group 2
metal carboxylate, and solvent contact time) described herein.  In some non-himiting embodiments,
the transition metal carboxylate formation time {or alternatively, transition metal precursor, Group |
or Group 2 metal carboxylate, and solvent contact time) can be from 0.1 hours 1o 168 hours;
alternatively, from 0.1 hours to 120 hours; alternatively, from (.25 hours to 72 hours; altematively,
from 0.4 hours to 36 hours; alternatively, from 0.5 howrs t¢ 24 hours; or aliernatively, from 0.5 hours
{0 24 hours, Other transition metal carboxylate formation time (or alternatively, transition metal
precursor, Group 1 or Group 2 metal carboxylate, and solvent contact time) ranges are readily

apparent from the present disclosure.
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[8296] In an aspect, the transition metal carboxylate can be formed at any pressure capable of
forming the transition metal carboxylate. In an embodimend, the conditions capable of forming the
transition metal carboxylate can include atmospheric pressure (i.e. ghout 14.7 psi or about 101 kPa).
In an embodiment, a condition capable of forming the transition metal carboxylate can include
subjecting a contact mixture comprising the transition metal precuarsor, the Group | or Group 2 metal
carboxylate, and the solvent to a pressure greater than ambicnt presswre. {o some embodiments, 8
condition capable of forming the transition metal carboxylate can include a pressure of at least
atmospheric pressure; alternatively, at least 2 psi (14 kPa) greater than atmospheric pressure;
alternatively, least 5 psi (34 kPa) greater than atmospheric pressure; alternatively, least 10 psi (69
kPa) greater than atmospheric pressure; or alternatively, least 15 psi (103 kPa) greater than
atmospheric pressure. in some embodiments, a condition capable of forming the transition metal
carhoxylate can include a pressure capable of maintaining the solvent in the liquid state; alternatively,
at least 2 psi (14 kPa) greater than the pressure capable of maintaining the solvent in the lgquid state;
aliernatively, at Jeast 5 pst (34 kPa) greater than the pressure capable of maintaining the solvent in the
liguid state; alternatively, at least 10 psi (69 kPa) greater than the pressure capabie of maintaining the
solvent in the hiquid state; or alternatively, feast atlS psi (103 kPa) greater than the pressure capable of
maintaining the solvent in the hquid state. In other embodiments, a condition capable of forming the
transition metal carboxylate can inclode a maximnim pressure of 500 psi (3.4 mPa); alterpatively, of
400 psi (2.8 mPa); altornatively, of 250 psi (1.7 mPa); alternatively, of 200 psi (1.4 mPa);
alternatively, of 150 psi (1.0 mPsa); alternatively, of 100 psi {689 kPa); or alternatively, of 30 psi (345
kPa). Invet other embodiments, a condition capable of forming the transition metal carboxylate can
include a pressure that can range from any minimom transition metal carboxylate formation pressure
disclosed herein to any maximum transition metal carboxylate formation pressure described herein,
In some non-limiting embodiments, a condition capable of forming the transition metal carboxylate
can inchide a pressure from atmospheric pressure to 500 psi (3.4 oPa); alternatively, at least 2 psi (14
kPa) greater than atmospheric pressure to 500 psi (3.4 mPa); alternatively, at least S psi (34 kPa)
greater than the pressure capable of maintaining the solvent in the Hquid state to 500 psi (3.4 mPa).
Other pressure ranges which can be a condition capable of forming the fransition metal carboxylate

arc readily apparcent from the present disclosure.

18297} In an embodimont, any combination of the transition uetal precursor, Group 1 or Group 2
metal carboxylate, and solvent can be contacted at and/or the transition metal carboxylated can be
formed under a substantially dry {or alternatively dry) atmosphere. In an embodiment, the
substantially dry (or altervatively dry) atmosphere can comprise nitrogen, argon, helium, oxygen, or
any combination thereof, or alternatively, nitrogen, argon, heltum, or any combination thercof. Tn
some embodiments, the substantially dry atmosphere can be substantially dry nitrogen, substantially

dry argon, substantially dry helivm, or substantially, dry atr; alternatively, substantially dry nitrogen;
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alternatively, substantially dry argon; alternatively, substantially dry heliom; or alternatively,
substantially, dry air. o other cmbodiments, the dry atmosphere can be dry nitrogen, dry argon, dry
helium, or dry air; alteroatively dry nitrogen; alternatively, dry argon; alternatively, dry helium; or
alternatively, dry air. In some embodiments, the chromium precursor, Group 1 or Group 2 metal
carboxylate, and solvent can be contacted at and/or the chromium carboxylated can be formed under
an atmosphere (any described herein) containing less than or equal to 100 ppm water; alternatively,
less than or equal to 90 ppm water; alternatively, less than or equal to 80 ppm water; alternatively,
less than or equal to 70 ppm water; alternatively, less than or equal to 60 ppm water; alternatively,
less than or equal to SO ppm water; alternatively, less than or equal to 40 ppm water; alternatively,
less than or equal to 30 ppm water; alternatively, less than or equal to 20 ppm water; alternatively,
less than or equal to 10 ppm water; alternatively, less than or equal fo 9 ppm water; alternatively, less
than or cqual to § ppm water; alternatively, less than or cqual 1o 7 ppm water; alternatively, less than
or equal to 6 ppm water; alternatively, less than or equal to 5 ppm water; alternatively, less than or
equal to 4 ppm water; alternatively, less than or equal to 3 ppm water; alternatively, less than or equal
o 2 ppm water; or alternatively, less than or cqual to | ppm water.  Generally, the amount of water

which can be present in the atmosphere 1s provide on a by weight basis.

18298]  In anaspect, the process can further comprise evaporating the solvent to provide the
transition metal carboxylate composition. fn another aspect, the process can comprise evaporating the
solvent from the solution comprising the transition metal carboxylate to provide the transition metal
carboxylate composition. In an embodiment, the process can further comprise filtering the solution
comprising the transition metal carboxylate to produce a filtrate and then cvaporating the solvent from
the filtrate. In an embodiment, the process can further comprise decanting the solution comprising the
transition metal carboxylate and evaporating the solvent. Generally, filtering and decanting can be
utilized to remove at least a portion of any insoluble particulates present in a solution comprising the
transition metal carboxylate. Evaporation of the selvent can produce the transition metal carboxylate
composition. In some embodiments wherein the transition metal carboxylate composition is purified
by any method described herein, this first transition metal carboxylate can be referred to as a emde
transition metal carboxylate composition. If multiple purification and or isolation steps are
performed, the various transition metal carboxylate compositions can be distinguished by prefacing

the term “transition metal carboxylate” with a designation such as first, second, third, and so forth.

18299]  [n an aspect, a crude transition metal carboxylate composition can be purified. Insome
embodiments, the crude transition metal carboxviate composition can be purified by dissolving the
transition metal carboxylate composition in a solvent, filtering the sohution containing the dissolved
fransition metal carboxylate composition to provide a filtvate, and isolating the transition metal
carboxylate composition from the filtrate by evaporating the solvent. In an embodiment, the solvent

utilized to dissolve the ransition metal carboxylate composition can be, comprise, or consist
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essentially of, an aprotic solvent; alternatively, an aprotic polar solvent; alternatively, a non-polar
solvent; aliernatively, a non-coordinating soivent. In another aspect, the transition metal carboxylate
composition can be purified by contacting the transition metal carboxylate composition with a solvent
i which the transition metal carboxylate composition is substantially insoluble while Impurities
within the transition metal carboxylate composition are soluble and filtering the sobution to recover
the transition metal carboxylate composition. In yet other embodiments, the transition metal
carboxylate composition can be recrystallized from a solvent. Tn some embodiments, the solvent
utilized in the purification of the transition metal carboxylate composition can be, comprise, or consist
essentially of, an aprotic solvent; alternatively, an aprotic polar solvent; alternatively, an aprotic non-
polar solvent; or alternatively, a non-coordinating solvent. Generally, the transition metal carboxylate
composition can be purified utilizing one or any combination of the transition metal carboxylate

composition purification methods described herein

[93068]  Asutilized in the present specification and claims, the ferm “substantially jnsoluble”™ means
that no more than § grams of the substance {e.g. transition metal carboxylate composition) dissolves
in 200 mL of the solvent at the temperature at which the solvent and the transttion metal carboxylate
arg contacted. As utilized in the present specification and claimos, the term “soluble” means that
greater than 80 grams of the substance dissolves i 200 b of the solvent at the tomperature at which
the solvent and the transition metal carboxylate are contacted. As utilized in the present specification
and claims the term “partially soluble” means that from 5 to 80 grams of the substance dissolves in

200 mL of the solvent.

18301] 1o any ombodiment wherein a solvent is evaporated, the evaporation of the solvent can be
performed using any method known to oue having ordinary skill in the art. In some embodunents, the
solvent can be evaporated at ambient temperature (15-35 °C — no applied external heat source). In
other embodiments, the solvent can be evaporated with gentle heating (e.g. at a temperature ranging
from 25 °C to 100 °C). In further embodiments, the solvent can be evaporated at ambient teraperature
under reduced pressure. In yet other embodiments, the solvent can be evaporated with gentle heating
under reduced pressure. In any aspect or any embodiment wherein the solvent can be evaporated
vnder reduced pressure, the evaporation can be conducted at a pressure less than 600 Tor;
aiternatively, less than 500 Torr; alternatively, less than 400 Torr; alternatively, less than 300 Torr;
alternatively, less than 200 Torr; alternatively, less than 130 torr; alternatively, less than 100 Torr;
alternatively, less than 75 Torr; alternatively, less than 50 Torr; aklternatively, less than 25 Torr; ;
alternatively less than 20 Torr; alternatively, less than 15; alternatively, less than 10 Torr;
aliernatively, less than 5 Torr; or alternatively, less than 1 Torr. In an embodiment, the evaporation of
the soivent (regardless of how it is performed or in what step of the process it is performed) can be
utilized to remove at least 50, 60, 70, 75, 80, 85, 96, 95, 96, 97, 98, or 99 weight percent of the

solvent.
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[8302]  In an aspect and any embodiment disclosed herein, the process for preparing any transition
metal carboxylate composition deseribed herein can include a step for reducing the Group 1 or Group
Z metal content in the transition metal carboxylate comaposition. In any aspect or any embodiment
described herein, the Group 1 or Group 2 metal content of the transition metal carboxylate
composition can be reduced by contacting the transition metal carboxylate composition with a
hydrocarbylsilyl balide. In some aspects and embodiments, the Group 1 or Group 2 metal content of
the transition metal carboxylate composition can be reduced by contacting the transition metal
carboxylate composition with an alkylsilyl halide. In some enbodiments, the transition metal
carboxylate composition and the hydrocarbylsilyl halide {or alkylsilyl halide} can be contacted in a
solvent. In an embodiment, the sclvent in which the transition metal carboxylate composition and the
hydrocarbylsilyl halide can be contacted can be, comprise, or consist essentially of, an aprotic solvent;
alternatively, an aprotic polar solvent; aliernatively, a non-polar solvent; or alternatively, a non-
coordinating solvent. Solvents are described herein and the appropriate classes {or specific solvents)
which meet the requirements for the contacting of the transition metal carboxylate composition and
hydrocarbylsilyl balide (or alkylsilyl halide) can be utilized without fimitation. After contacting the
transition metal carboxylate composition and the hydrocarbyisilyl halide (or alkylsilyl halide), the
formed solution can be filtered to remove a formed Group | or Group 2 metal halide salt. After
removing the Group 1 or Group 2 metal salt, the transition metal carboxylate composition can then be
1solated and optionally purified. Methods for isclating and/or puritying the transition motal
carhoxylate composition are described herein. Generally, the method for reducing the Group 1 or
Group 2 metal content in the transition metal carboxylate composition ean be utilized with any
general or specific transition metal carboxylate composition described herein (e.g. a chromivm(HI}

carboxyliate composition).

18363]  In an cmbodiment, the hydrocarbylsilyl halide can be, comprise, or consist essentially of, a
hydrocarbylsilyl trihalide, a dihydrocarbylsily} dibahide, a trihydrocarbylsilyl balide, or any
combination thercof, alternatively, a hydrocarbylsiyl tribalide; alternatively, a dibydrocarbylsilyl
dihalide; or alternatively, a trihydrocarbylsilyl halide. In some embodiments, hydrocarbylsily! halide
can be, comprise, or consist essentially of, an alkylsilyl trikalide, a dialkylsilyl dihalide, a trialiylsilyl
halide, or any combination thereof; alternatively, an alkylsilyl trihalide; alternatively, a dialkylsilyl
dihalide; or alternatively, a trialkylsilyl halide. Hydrocarby!l groups, alkyl groups, and balides have
been described herein as substituent groups for substituted cycloalkyl groups, substituted aromatic
grovups, substituted aryl group, and substituted aralkyl groups (among other groups). These
hydrocarbyl groups, alkyl groups, and halides can be utilized without limitation as the hydrocarbyi
groups, alkyl groups, balides for any hydrocarbylsilyl halide or alkylsilyl halide described herein. Ina
non-limiting embodiment, the hydrocarbylsilyt halide can be, comprise, or consist essentially of)

trimethylchlorosilane.
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[8304] When the process for preparing a transition metal carboxylate composition has multiple
steps which can utilize a solvent, the solvent utilized in each particular step can be distinguished from
one another by the use of the designations first, second, third, and so forth, prefacing the term (or

phrase utilizing the term} “solvent.”

[83068] Properties of the transition metal carboxylate composition are described herein and can be
atilized without limitation to describe the process for preparing the transition metal carboxylate

composition and the trapsition metal carboxylate composition produced by the process.

18366] In a non-limiting aspect, this diselosure provides for a process for preparing a chrominm(31)
carboxylate composition. The process for preparing the chromium{Ill) carboxylate composition can
comprise: contacting 1) a chromium{IH} precursor, 23 a Group | or Group 2 metal carboxylate, and 3)
a solvent to form a chromium(t) carboxvlate. {n another embodiment, the process for preparing a
chromimm{1ll} carboxylate composition can comprise: contacting 1} a chromiom{(IH) precursor, 2) a
Group 1 or Group 2 metal carboxylate, and 3} a solvent to form a solution comprising the
chromium{11l) carboxylate. In other embodiments, the process for making a chromium(1ih
carboxylate composition can comprise: a) contacting 1) a chromism{TH} precursor, 2) a Group 1 or
Group 2 metal Cs-(Cos carboxylate, and solvent to form a chromium(H1} {5-Cys carboxylate. In some
cmbodiments, the process for making a chromivm{1il) carboxylate composition can comprise: a)
contacting 1) a chrondum(HI) precursor, 2} a Group 1 or Group 2 metal Cs-Cos carboxylate, and
solvent to form a solution comprising the chromium(IlD) Cs5-Cys carboxylate. The chromiom (HI)
precursor, Groep 1 or Group 2 metal carboxylate {e.g. a Group 1 or Group 2 metal C5-Cys
carboxylate), and the solvent are independent clements of the process of making a chromium{IT)
carboxylate composition and the process for making a chromium(l1) carboxylate can be described
using any Group 1 or Group 2 metal carboxylate described berein, chromuum(IH) precursor described
herein, chromum(Il) carboxylate described herein, and/or solvent described herein. The process for
preparing a chromium(H1} carboxylate composition can be described using any combination of any
aspect or any embodiment of the chromivm(Iil) precursor, Group 1 or Group 2 metal carboxylate
described herein, and/or solvent described hercin. Processes for preparing other transition metal
carboxylate compositions are readily apparent, and contemplated, on the basis of the present

disclosure.

[8307]  In an embodiment, the chromium(IH) precursor (general or specific) utilized in the process
for producing the chromium(Il} carboxylate (general or specific) can have any water content
disclosed herein for the transition metal precursor (including substantially anhydrous and avhydrous)
and/or any acid content disclosed herein for the transition metal precursor (including substantially
acid-free, and acid-frec). In another embodiment, the Group 1 or Group 2 metal carboxylate (general
or specific) utifized in the process for producing the chromium(lil) carboxylate (gencral or specific)

can have any water content disclosed hercin for the Group 1 or Group 2 metal carboxylate (including
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substantially anhydrous and anhydrous) and/or any acid content disclosed herein for the Groop | or
Group 2 metal carboxylate (including substantially acid-free, and acid-free). In yet another
embaodiment, the solvent utilized in the process for producing the chromium(il) carboxylate, can have
any water content disclosed hevein for the solvent (including substantially anhydrous and anhydrous)
and/or any acid content disclosed bherein for the solvent (inchuiding substantially acid-free, and acid-
freg). In an embodiment, the combining of the chromium{ I} precursor {general or specific) and a
Group 1 or Group 2 metal carboxylate (general or specific) can oceur under any combination method
and/or conditions, form auy mixture and/or solution as described herein for the combining of the
transition metal precursor, Group 1 or Group 2 metal carboxylate, and solvent. In yet other
embodiments, the chromium(Il) carboxylate can be formed ynder any condition deseribed hevein for
forming a transition metal carboxylate. In a pon-limiting cmbodiment, the chromivm{IH) precursor
and the Group 1 or Group ? metal carboxylate can be contacted at a carboxylate group to

chromium({ {1} molar ratio ranging from range from 2.85:1 to 3.9:1; alternatively, 3:1 t0 3.75:1;
aiterpatively, 3:1 to 3.6:1 ; alternatively, 3.09:1 to 3.75:1; alternatively, 3.09:1 to 3.6:1 ; alternatively,
3.15:1 to 3.6:1; or alternatively, 3.15:1 0 3.45:1. Other aspects and cmbodiments of the process for
preparing a transition metal carboxylate can alse be apphied, without limitation, to the process for

preparing a chromiom(H1) carboxviate composition.

{8388]  In anaspect, a crude chromumm(3) carboxylate composition can be purified. n some
embodiments, the crude chromiom(H]) carboxylate composition can be purified by dissolving the
chromivm{1Il} carboxylate in a solvent, filtering the sohition containing the dissolved chromium{IiT)
carhoxylate to provide a filtrate, and isolating the chromium(i) carboxylate composition from the
filtrate by evaporating the solvent. In an embodiment, the solvent utilived to dissolve the
chromivm(1H) carboxylate composition can be, comprise, or consist gssentially of, an aprotic solvent;
alternatively, an aprotic polar solvent; alternatively, a non-polar solvent; or alternatively, a non-
ceordinating solvent. In some embodiments, the chromium(Ul) carboxylate composition can be
purified by contacting the chromium{Iil) carboxyiate composition with a solvent in which the
chromium{1ll) metal carbexylate composition is substantially fnscluble while impurities within the
chromimm{1ll} carboxylate composition are soluble and filtering the sclution to recover the
chromivm{1Il) carboxylate composition. In vet other embodiments, the chromiund i1} carboxylate
composition can be recrystallized from a solvent. In some embodiments, the solvent utilized in the
purification of the chromiom(1) carboxylate composition can be, comprise, or consist essentially of,
an aprotic solvent; alterpatively, an aprotic polar solvent; alternatively, a non-polar solvent; or
aliernatively, a non-coordinating solvent. Generally, the chrominm(Hl) carboxylate composition can
be purified utilizing one or any combination of the chromium(il) carboxylate composition

purification methods described herem.
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[8309] Transition metal carboxylate compositions can be useful in catalyst sysiems. In particular,
chromivm carboxylates can be useful in catalyst systems for the synthesis of I-hexene from cthylenc.
One widely employed chrondum carboxyiate is a chromium{1i) carboxylate compaosition comprising
the carboxylate 2-ethythexanocate. As disclosed in references provided herein, chromium carboxylates
{and other transition metal carboxylates) are known to contain one or more structures containing more
than one chromium atom. Any of these compounds can irapact the catalyst system utilized to produce
{-bexene from cthylene and could have tmpacts in other fields which utilize chromium carboxylates.
In one aspect {and without being Hmited to theory), the processes according to this disclosure provide
chromium carboxylate compositions which contain significant quantities of a mononuclear transition
metal carboxylate {e.g. tris{carboxylate) chromiom(ll})}. In some non-lmiting examples, the
chromivm carboxylate compositions can be, comprise, or consist essentially of, a C; 1o T
monocarboxylate having the formula "0,CR’. Other carboxylate groups which can be utilized in the
chromium carboxylate composition are veadily apparent and contemplated from the present

disclosure,

[8318]  In one non-hmiting aspect, this disclosure provides chromium carboxylate compositions in
which the carboxylate is a 5 to Cy; monocarboxylate, In other non-limiting aspects, this disclosure
provides for chromium carboxylate compositions in which the carboxylate can be, comprise, or
consist essentially of, a monocarboxylate having the formula ‘GZCRZC, wherein R s a Coto Cog
organy! group. Other monocarboxylates which can be wtilized to describe the chrominm carboxylate
arc readily apparcnt and contemplated from the present disclosure. In a nop-limiting embodiment of
the chromium carboxylate compositions in which the carboxylate has the formula O,CR™, R™ can be
a g to Oy hydrocarbyl group or a Cy to €y substituted hydrocarbyl group; alternatively, a Cyto Cyy
hydrocarbyl group; alternatively, a C4 to Cy substituted hydrocarbyl groop: or alternatively, Cs to Oy
alkyl group. In some embodiments, the carboxylate of the chromium carboxylate composition can be,
comprise, or consist essentially of, propionate, n-butyrate, isobutyrate, valerate (n-pentanoate), neo-
pentanoate, capronate (n-hexanoate), n-heptanoate, caprylate (n-octanocate}, 2-cthylhexanoate, u-
nonaneate, caprate (n-decanocate), n-undecaneate, laurate (n-dodecanoate), stearate (n-octadecanoate),
or any combination theveof; alternatively, valerate (n-pentanoate), neo-pentancate, capronate (n-
hexanoate}, n-heptancate, caprylate (n-octanoate), 2-ethyibexanoate, n-nonanoate, caprate (n-
decanoate), n-undecanoate, or laurate (n-dodecanocate), or any combination thereof, or alternatively,
valerate (n-pentanocate), caprylate (n-octanoate), or 2-cthythexanoate. In some embodiments, the
carboxylate of the chromiom carboxylate composition can be, comprise, or consist essentially of, 2-
cthylhexanoate.

18311] In another non-limiting aspect, this disclosure provides for chromiwm carboxylate
compositions wherein R™ of the carboxylate having the formula 'OQCRZC can be a Cg 1o Uy aryl group

or a substituted Cq to Oy aryl group; alternatively, a Cq to Cie arvl group or a substituted Cq to Cro aryl
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group; or alternatively, a Cq to Cyy aryl group or a sabstituted Cq to €y aryl group. In some
embodiments, the carboxylate of the chromivm carboxylate composition can be, comprise, or consist

essentially of, benzoate or a substituted benzoate; alternatively, naphtheate or a substituted naphthoeate

[93312]  In a further non-lmiting aspect, the chromium carboxylate compositions according to this
disclosure can be, comprise, or consist essentially of, a chromivm (i) carboxylate composition or a
chromium (HI) carboxylate composition. In yet a further non-bmiting aspect, the chromium
carboxyliate composition can be, comprise, or consist essentially of, a chromium(ll) carboxylate

composition.

[8313]  Other aspects and embodiments for the transition metal carboxylate compositions and/or
chromium carboxylate compositions are readily apparent and conteraplated from the present
disclosure. In an aspect the transition metal carboxylate and/or chromium carboxylate composition
can be, comprise, or consist essentially of, a chromiom carboxylate composition prodoced by any

process described herein,

18314] It can be observed that the isolated transition metal carboxylate compositions of the present
disclosure can appear more crystalline in nature the amorphous mass isolated from commercially
available transition metal carboxylate compositions. For example, compare the isolated
chromiom(Il) 2-ethythexanocate of the present disclosore using a sodiom 2-cthylhexanoate to
CrCHL{THF; molar ratio of approximatefy 3.3 (FIGURE 1) to an isolated commercially available
chromium{1) 2-cthythexancate (FIGURE 2). However, even after attempting several different
crystallization methods, the transition metal carboxviate of the present invention does not form
crystals which will allow the elacidation of their structure by traditional X-ray crystallography
methods. Conscquently, the transition metal carboxylate compositions of the present disclosure need
to be distinguished from the present commercially available transition metal carboxylate compositions

utilizing one or a combination of more than one other analytical technique.

{8318] One technique that can be utilized to distinguish the transition metal carboxylate of the
present disclosure from other transition metal carboxylate compositions can be infrared spectroscopy.
Another tochnigoe which can be wtilized to distinguish the transition metal carboxylate of the present
disclosure from other transition metal carboxylate compositions can be high energy X-ray diffraction.
Particular features associated with infrared spectroscopy and high energy X-ray diffraction are
mdependently described herein and any one or more of these features can be used either individually

or in any combination to describe the transition metal carboxylates of the present disclosure.

[8316] Spectroscopic analysis of the transitional metal carboxylate composition, particularly
infrared (IR} absorption spectroscopy, can provide useful characterization information related to the
composition. Aspects of the IR spectra of carboxylate compositions are provided in K. Nakamoto,

g 5 5 , R ~ . R th e
Infrarved and Raman Speciva of movganic and Coordination Compounds, 4° Ed., J. Wiley & Sons,
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New York, ¢. 1986, pp, 231-233, Additionally, Cannon and White (Cannon, R, D and White R. P,
Progress in norganic Chemisiry; Volume 36, 1988, pp. 195-29¢) and Deacon and Phillips ( G.B.
Deacon and R, J. Phillips, Coordination Chemisiry Reviews, 33 (1980), pp. 227-250) provide further
mformation regarding the coordination of the carboxylate anion with transition metal and the [R
spectra of transition metal carboxylates. Viaches et al. (A, Viachos, Psycharis, C. P. Raptopoula, N.
Lalioti, Y. Sanakis, G. Diamantopoulos, M. Fardis, M. Karayanni, G. Papavassiliou, and A. Terzis,
Inarganic Chimica Acta, 357 (20043, pp. 3162-3172), herein referred to as Viachos, provides IR
information about trivuciear chromiam(Ul) oxo carboxylates. The entirety of Cannon and White,

Deacon and Philtlips, and Viachosare each incorporated herein by reference for all purposes.

{83171 These articles indicate, without being himited to theory, that the U.gye (CO) IR peak
locations for transition metal compounds in which the oxygen atoms of the carboxylate group bridge
two transition metal atoms differ from those wherein the oxygen atoms of the carboxylate group are
both bound to the samc traosition metal atom. Additionally, without being Hmited to theory, the
separation between the Uy (CO,) TR peak(s) and the vy, (COL) IR peak of transition metal
carhoxylate compounds in which the oxygen atoms of the carboxylate group bridge two transition
metal atoms and those wherein the oxygen atoms of the carboxylate group are both bound to the same
transition metal atom varies in a discernable manner. In particular, the Uaym (CO0) IR peak location
for transition metal compounds fn which the oxygen atoms of the carboxylate group bond to the same
transition metal atom occurs at lower wavenumber than the v, (COy) IR peak locations for
transition metal compounds in which the oxygen atoms of the carboxylate group bond bridge to two
transition metal atoms. Additionally, the separation between the Uam (C0O)) IR peak(s) and the vy,
(COn) IR peak of the transition metal compounds in which the oxygen atoms of the carboxylate group
bond 1o the same transition metal atom occurs 18 smaller than that of the transition metal compounds

i which the oxygen atoms of the carboxylate group bond bridge to two transition metal atoms.

[8318] These articles also point out that transition metal carboxylate compositions contain specics
wherein multiple transition metals are bound to a single oxygen atoms. One such species which can
be present, without being limited to theory, is the triangular bridged metal complexes having a MO;
untt described o Cannon and White and that the MO; unit (where M is the transition metal) has a
Uaeym {MO1) IR peak in the range of 750 cm™ 1o 500 em’. For chromium triangular bridged
complexes, the Vg (Cr0s) IR peak appears around 750 em™ 0 650 om™.

{6319] FIGURE 4 and FIGURE 6 provide the 2000 cm™ to 1000 cra’! portion of the IR specirum
for two commercially available chromuma (i) 2-cthylhexanoate compositions. Each of these IR
spectra show Ugeym (CO1) IR peaks at 1616 + 20 e and 1549 + 15 em™ respectively and a Doy (CO)
1R peak 1420 + 15 ent’'. FIGURE R, FIGURE 10, FIGURE 12, and FIGURE 14 provide the 2000

cnv! to 1000 cm”’ portion of the IR spectrum for four chromium(11) 2-cthylbexancate compositions



21pERIPOT
WO 2013/089963 135 PCT/US2012/065289

of the present disclosure. Hach of these IR spectra show the presence of @ Uy (C0;) IR peaks at
15316+ 15 cm"‘, a Ugm (COyy IR peak 1429 2 1S cm"i, and significantly diminished v.gm {(COy) IR
peaks (if the peaks are even present) at 1616+ 20 om™ and 1549 + 15 cm™. These IR spectra show
that the transition metal carboxylate compositions of the present disclosure are significantly different

from the transition metal carboxylate compositions which are presenily commercially available.

18328]  In an aspect, any transition metal carboxylate composition (general or specific) described
hergin or any transition metal carboxylate composition {general or specific) prepared by any
process{es} described herein can have a Uy, (COy) IR peak within 110 em” of the Uaym {CO} IR
peak; alternatively, can have a Uaym (C00) IR peak within 105 ey of the Ugm {COy) IR peak;
alternatively, can have a Uugym (CO) IR peak within 100 e of the Ugym {COn) IR peak; alternatively,

can have 4 Vugym (COs) IR peak within 95 e’ of the Usy {COn) IR pealk; or alternatively, can have a
Uusym (CO0) IR peak within 90 e’ of the Ugem {COn) IR peak.  In another aspect, the L. (CO) IR
peak within 110 co” of the vsym (CO,) IR peak (or within any other range disclosed herein) can have
the largest absorbance peak height of all vasym (C(Oy) peaks of the transition metal carboxylate

composttion.

[8323]  In other aspect, transition metal carboxylate compositions {general or specific) described
hercin or any transition metal carboxylate composition (general or specific) prepared by any
process{es) described herein can have an IR absorbance peak height ratio of Uy (CO;) IR peak
within 110 em™ of the Ugm (CO2) IR peak (o1 within any other range disclosed herein ) 10 Ogm (CO2)
IR peak of greater than or cqual to 0.5:1; aliornatively, greater than or equal to 0.75:1; alternatively,
greater than or equal to 1:1; alternatively, greater than or equal to 1.25:1; alternatively, greater than or
equal to 1.5:1;0r alternatively, greater than or equal to 1.75:1.  In another aspect, the transition metal
carboxylate composition (general or specific) described herein or any transition metal carboxylate
composition {general or specific) prepared by any process(es} described herein can have an IR
absorbance peak height ratio of Vaem (COy)Y IR peak within 110 et of the Ve (CO2) IR peak {or
within any other range disclosed herein ) 10 Ugym (CO2) IR peak ranging from 0.5:1 0 100:1;
alternatively, greater than or equal 10 0.75:1 to 80:1; alternatively, greater than or equal to 111 to 6011
alternatively, greater than or equal to 1.25:1 to 40:1; alternatively, greater than or equal to 1.5:1 10 3:1;
or alternatively, greater than or equal to 1.75:1 to 2001

{8322]  In s non-limiting embodiment, any transition metal carboxylate composition (general or
specific) described herein or any transition metal carboxylate composition {general or specific)
prepared by any process(es) described herein can have an IR absorbance peak beight ratio of the vy
(COn) IR peak within 110 cor’ of the vy, (CO) TR peak (or within any other range disclosed herein)
to a non-transition metal bound carboxylate {CO,) IR peak greater than or equal to 5:1; alternatively,

greater than or equal 1o 6:1; alternatively, greater than or equal to 7:1; alternatively, greater than or
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equal to §:1; alternatively, greater than or equal to 9:1; or alternatively, greater than or equal to 10:1.
In other non-limiting embodimenis, any transition metal carboxylate composition described herein
{general or specific) described herein or any fransition metal carboxylate composition {general or
specific) prepared by any process{es) described herein can have an IR absorbance peak height ratio of
the Ueeym {C02) IR peak within 110 em! of the Ugm (CO0) IR peak (or within any other range
disclosed herein) to a non-transition metal bound carboxylate (COy) IR peak ranging from 511 to
100:1; alternatively, ranging from 6:1 to 90:1; alternatively, ranging from 7:1 to 80:1; altematively,
ranging from 8:1 to 60:1; alternatively, ranging from 9:1 to 50:1; or alternatively, ranging from 10:1

10 40:1.

193231 In a non-limiting embodiment, any transition metal carboxylate composition described
herein (general or specific), can have an IR absorbance peak height ratio of the v, (CO0) IR peak to
a non-transition metal bound carboxylate (CO;) IR peak greater than or equal to 3.5:1; alternatively,
greater than or equal to 3.75:1; alternatively, greater than or equal to 4; alternatively, greater than or
equal to 4.25:1; alternatively, greater than or equal t0 4.5:1; or alternatively, greater than or cqual to
4.75:1. In other non-luwpiting embodiments, Alternatively, any fransition metal carboxylate
composition {gencral or specific) described herein or any transition metal carboxylate composition
{general or specific) prepared by any process{es) described herein can have an IR absorbance peak
height ratio of the Uy (COy} IR peak (or within any other range disclosed herein) to a non-transition
metal bound carboxylate (COy) IR peak ranging from 3.5:1 to 100:1; alternatively, ranging from
3.75:1 1o 90:1; alternatively, ranging from 4:1 to 80:1; slternatively, ranging from 4.25:1 10 60:1;

alternatively, ranging from 4.5:1 to 50:1; or alternatively, ranging from 4.75:1 t0 40:1

18324] v a non-limiting embodiment, any transition metal carboxylate coraposition (general or
specific} described herein or any transition metal carboxvlate composition {general or specific)
prepared by any process(es) described herein can have can have an IR absorbance peak height ratio of
the Ly (CO2) IR peak located outside of 150 cm” of the Ceyn (001} IR peak to the 1R absorbance
peak height of the L.y, (COL) IR peak located within 110 era”t of the Ugym {CO2) IR peak (or within
any other range disclosed berein ) can less than or equal to 0.9:1; alternatively, greater than or equal to
(.85:1; alternatively, greater than or equal to 0.8:1; aliornatively, greater than or equal to 0.75:1;

alternatively, greater than or equal to 0.7:1;0r alternatively, greater than or equal to 0.65:1.

18325]  In a von-limiting erobodiment, any transition metal carboxylate composition {general or
specific) described herein or any transition metal carboxylate composition {general or specific)
prepared by any process(es) described herein can have an IR absorbance peak height ratio of the vagm
(COn) IR peak within 110 em™ of the Ugm {CO0) IR peak {or within any other range disclosed herein)
{0 & Uy (MO1) IR peak greater than or equal to 1.5:1; alternatively, greater than or equal to 3:1;

aliernatively, greater than or equal to 5:1; alternatively, greater than or equal to 6:1; or alicrnatively,
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i

greater than or equal to 7:1. In other non-limiting embodiments, any transition metal carboxylate
composition {general or specific) described herein or any transition metal carboxylate composition
{general or specitic) prepared by any process(es) described herein can have an IR absorbance peak
height ratio of the Vg (CO.) IR peak within 110 em” of the Uy (CO0) IR peak (or within any other
range disclosed herein) 10 @ Vagm (MOs) IR peak ranging from 1.5:1 t0 100:; alternatively, ranging
from 3:1 to 90:1; alternatively, ranging from 5:1 to 80:1; ahternatively, ranging from 6:1 to 60:1; or

alternatively, ranging from 7:1 to 50:1.

[8326] In some non-limiting embodiments, the transition metal carboxylate can be, comprise, or
consist essentially of, a chromium carboxylate composition (general or specific); alternatively, a
chromiom(1l) carboxylate compesition (general or specificy; or alicrnatively, any chromium(1ll)
carboxylate composition {general or specific) described beren or any chrovium{ 111} carboxylate
compaosition {general or specific) prepared by any process(es) described herein wherein the
carboxylate is any monocarboxylate disclosed herein. In an embodiment, any chromiinm carboxylate
composition {general or specific) described herein or any chromivm{1H) carboxylaie composition
(general or specific) prepared by any process(es) deseribed herein can bave a v,y (COy) IR peak
within 110 em” of the Ugem {COn) IR peak (or within any other range disclosed herein for the
transition metal carboxylate composition). In some embediments, any chromium carboxylate
composition {gencral or specific) described herein or any chromium{ 1) carboxylate composition
(general or specific) prepared by any process(es) described herein can have a Lagm (COy) IR peak at
1516 = 15 am™. In any chromium carboxylate composition (general or specific) described herein or
any chromium(I1l} carboxylate composition (geoneral or specific) prepared by any process(es)
described berein aspect or embodiment, the largest absorbance IR peak height attributable to the
chromium{lil) carboxylate can be the ULy, (CO2) IR peak at 1516 £ 15 e, In some embodiments,
any chromium carboxylate composition {general or specific) described herein or sny chromiurn(1il)
carboxylate composition (general or specific) prepared by any process{(es) described hevein can have
an IR absorbance peak height ratio of the IR peak at 1516 & 15 em’! to the IR peak at 1429 £ 15 cm™
of greater than or equal to 0.5:1; alternatively, greater than or equal to 0.75:1; alternatively, greater
than or equal to 1:1; alternatively, greater than or equal to 1.25:1; alternatively, greater than or equal
o 1.5:1; alternatively, greater than or cqual to 1.55:1; alternatively, greater than or equal to 1.6:1;
alternatively, greater than or equal to 1.65:1; alternatively, greater than or equal to 1.7:1; or
alternatively, greater than or equal to 1.75:1. In other embodiments, any chromium carboxylate
composition {general or speeific) described herein or any chromium{IH) carboxylate composition
{general or specific) prepared by any process(es) described herein can have an IR absorbance peak
height ratio of the IR peak at 1516 % 15 emy™ to the IR peak at 1429 £ 15 cm™ ranging from 0.5:1 to

100:1; alternatively, greater than or equal 1o 9.75:1 10 80:1; aliernatively, greater than or equal to 111
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to 60:1; alternatively, greater than or equal to 1.25:1 to 40:1; alternatively, greater than or equal to

1.5:1 to 3:1; or aliernatively, greater than or equal to 1.75:1 t0 20: 1.

{8327] I a non-limiting embodiment, any chromivm carboxylate composition {general or specific)
described berein or any chromdum{I1Y) carboxylate composition {general or specific) prepared by any
process{es) described herein can have a IR peak height ratio of the Uawyn (COy) IR peak located at
1516 % 15 om to the LW (COY) IR peak located at 1616 + 20 e’ greater than or equal to 1:1;
alternatively, greater than or equal to 1.5:1; alioratively, greater than or equal to 2:1; alteroatively,
greater than or equal to 2.5:1; or alternatively, greater than or equal to 311, In some non-bmiting
embodiments, any chromiinm carboxylate composition (general or specific) deseribed herein or any
chromiom(1l) carboxylate composition (gencral or specific) prepared by any process(es) described
herein can have a IR peak height ratio of the U,y (CO,) IR peak located at 1516 + 15 e to the Ceym
(C0y) IR peak located at 1616+ 20 cor’! ranging from 111 to 100:1; alternatively, ranging from 1.5:1
to 80:1; alternatively, ranging from 2:1 10 60:1; aliematively, vanging from 2.5:1 10 50:1; or

aliernatively, ranging from 3:1 t¢ 40: 1.

18328] In a non-limiting cmbodiment, any chromiom carboxylate composition {general or specific)
described herein or any chromium(ili) carboxylate composition {(general or specific) prepared by any
process{es) described herein can have an 1R peak height ratio of the vy, (COy) IR pesk focated at
1516+ 15 em™' to the non-chromium (CO,) bound IR peak located at 1685 + 20 em’™ greater than or
equal to 5:1; alternatively, greater than or equal to 6:1; alternatively, greater than or equal to 7:1;
alternatively, greater than or equal to 8:1; alternatively, greater than or equal to 9:1; or alternatively,
greater than or equal to 10:1. In other non-limiting embodiments, any chromium carboxylate
compaosition {general or specific) described herein or any chromivm{iil) carboxylate composition
{general or specific) prepared by any process{es) described herein can have an IR peak height ratio of
the Laym (COy) IR peak located at 1516 + 15 et o the non-chromiom (C(y) bound IR peak located
at 1685 + 20 om” ranging from 5:1 1o 100:1; alternatively, ranging from 6:1 to 90:1; alteratively,
ranging from 7:1 to 80:1; alternatively, ranging from 8:1 to 60:1; alternatively, ranging from 9:1 to

50:1; or alternatively, ranging from 10:1 to 40:1.

18329)  In a non-limiting cmbodiment, any chromium carboxylate composition {(general or specific)
described herein or any chromium(ili) carboxylate composition {(general or specific) prepared by any
process{es) described herein can have an IR peak height ratio of the vy (CO) IR pesk Jocated at
1429+ 15 cm’' to the non-chronium (CO») bound IR peak located at 1685 £ 20 cov’ greater than or
equal to 3.5:1; alternatively, greater than ov equal to 3.75:1; alternatively, greater than or equal to 4:1;
aliernatively, greater than or equal to 4.25:1; alternatively, greater than or equal to 4.5:1; or
aliernatively, greater than or equal t0 4.75:1. Tn other non-Hmiting embodimonts, any chromium

carboxylate composition {general or specific) described berein or any chrovium({Il) carboxylate
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composition {general or specific) prepared by any process{es} described herein can have an IR peak
height ratio of the vy, (CO,) IR peak located at 1429 + 15 cr fo the non-chromium (CO,) bound IR
peak focated at 1685 = 20 cm' ranging from 3.5:1 to 100:1; alternatively, ranging from 3.75:1 to 90:1;
alternatively, ranging from 4:1 to 80:1; alternatively, ranging from 4.25:1 to 60:1; alternatively,

ranging from 4.5:1 to 50:1; or shernatively, ranging from 4.75:1 to 40:1

18338]  In a von-limiting erabodiment, any chrominm carboxylate composition (general or specific)
described herein or any chromium(lll} carboxylate composition {general or specitic) prepared by any
process{es) described hercin can have an IR absorbance peak height ratio of the Uym (CO5) IR peak
located at 1616 + 20 cm™ o the IR absorbance peak height of the L., (COy) IR peak located at

1429 + 15 om™ can be less than or equal to 0.9:1; alternatively, greater than or equal to 0.85:1;
alternatively, less than or equal to (.8:1; alicrnatively, less than or equal to 0.75:1; alternatively, less

i

than or cqual to 0.7:1; or alteroatively, less than or equal to 0.65: 1,

18331]  n a non-limiting embodiment, any chromium carboxylate composition (general or specific)
described herein or any chromium{I1Y) carboxylate composition {(general or specific) prepared by any
process{es) described herein can have an IR absorbance peak height ratio of an IR peak located at 695
+ 20 ent” to the TR absorbance peak height of the Uagym {CO2) IR peak located at 1429 + 15 em’ can
be less than or equal to 1:1; aliernatively, less than or equal to 0.8:1; altermatively, less than or equal
to {1.6:1; alternatively, less than or equal to 0.4:1; alternatively, less thar or equal t0 0.3:1;
alternatively, less than or equal to 0.25:1; alternatively, less than or equal to 0.2:1; alternatively, less

than or equal to 0.18:1; or alternatively, less than or equal 1o 0.16: 1.

{8332} n anon-limiting embodiment, any chromium carboxylate composition {general or specific)
described herein or any chromium(I1l) carboxylate composition (general or specific) prepared by any
process{es) described herein can have an IR absorbance peak height ratio of an IR peak located a1 695
+ 20 cm™ to the TR absorbance peak height of the vym (CO) IR peak located at 1429 + 15 ey can
be less than or equal to 1:1; alternatively, less than or cqual to 0.8:1; aliornatively, less than or equal
to .6:1; alternatively, less than or equal to 0.4:1; alternatively, less than or equal t0 0.3:1;
aliernatively, leas than or equal to 0.25:1; alternatively, less than or equal to 6.2:1; alternatively, less

than or equal to .18:1; or alternatively, foss than or equal to 0.16:1.

18333] In a non-limiting cmbodiment, any chromiom carboxylate composition {general or specific)
described herein or any chromium(ili) carboxylate composition {(general or specific) prepared by any
process{es) described herein can have an IR peak height ratio of the Lgm (CO0) IR peak at 1516+ 15
e to IR peak located at 700 & 50 ey’ greater than or equal to 1.5:1; alternatively, greater than or
equal to 3:1; alternatively, greater than or equal to 5:1; alternatively, greater than or equal to 6:1; or
alternatively, greater than or equal to 7:1. In other non-limiting embodiments, any chromium

carboxylate composition (general or specificy described herein or any chromium(IT) carboxylate
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composition {general or specific) prepared by any process{es} described herein can have an IR peak

height ratio of the vy, (CO,) IR peak located at 1429 + 15 cr fo the non-chromium (CO,) bound IR
cak focated at 700 = 50 cm’' ranging from 1.5:1 to 100:1; alternatively, ranging from 3:1 to 90:1;

alternatively, ranging from 5:1 to 80:1; alternatively, ranging from 6:1 to 60:1; or aliernatively,

ranging from 7:1 to 5011

18334]  In anembodiment, these IR peak related features can be determined by subjecting the
chromium{1ll) carboxylate composition (or any other transition metal carboxylate composition
described herein) contained o KBr (KBr pellet} to infrared analysis. Alternatively, if the
chromium{1Il) carboxylate composition {or any other fransition metal carboxylate composition
described berein) is not suitable for analysis in a KBr pellet, the 1R analysis can be perfermed by
placing the transition metal carboxylate composition in a solvent or 4 dispersing agent that is IR
transparent in the necessary IR peak regions (e.g. a mineral oil such as Nujol, among others).
Additionally, the IR peak height ratio features can be based upon the raw peak heights or bascling

corrected peak heights.

183358]  QGenerally, X-ray crystaliography can be utilized to charactenize the materials which form
well defined erystals. However, in some mstances, materials which one having ordinary skill in the
art would believe to form well defined crystals do not form erystals which are suttable for traditional
X-ray crystatlography. For example, commercially available chromiom{il} 2-cthythexancate forms
an amorphous mass which is not suitable for traditional X-ray crystallography (see Figure 2).
Similarly, the chromunn(lll) 2-cthylhexancate prepared using the methods described herein can form
an amorphous mass (sce Figure 1); the produced chrominm(1) 2-cthylhexanocate was a green tacky
solid, showed no evidence of crystallinity, and was not suitable for traditional X-ray crystallography.
In some of these instances, high energy X-ray diffraction can be utifized to provide structural
information about the material. The high cnergy X-ray diffraction data for these materials can be
compared to high energy X-ray diffraction data of other materials or to ealculated high energy
diffraction data of theoretical models of materials to determine the material’s structure and/or whether

or not the material is similar to other known materials.

18336] In some embodiments, any transition metal carboxylate composition {general or specific)
described berein or any transition metal carboxylate comaposttion prepared by any process{es)
described herein can be analyzed by high energy X-ray diffraction to determine the structure or
structures of the transition metal carboxylate molecule(s) present in the transition metal carboxylate
composition and/or compared to calculated high energy diffraction data of theoretical models of
materials belioved 1o be present in the transition metal carboxylate composition. For exanple,
“Synthesis and structural studies of metal (Cr, Zn and Bi) carboxylate hquids” ROT. Hart Jr, N. A,
Eckert, J. K. Ngala, A. F. Polley, C. I. Benmore, A, Clark, S. Macha, Presentation CATL 20, The
237th ACS National Meeting, Saki Lake Cuty, UT, March 23, 2009, compared high cnergy X-ray
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diffraction g{r) data points of an aqueous metathesis process and displacement process produced
chromivnm({ 1} carboxylate to the theoretical high energy X-ray diffraction g{r) data points of models
of CrsO(0,CCH3 )6, Cra{OH(OCCHz), and Crp0(0CCH;),, constructed from data presented in
M. Eshel, et al,, fnorg. Chem., 2808, 39, pp 1376, and M. Eshel, et al,, fnorg Chim. Acta, 2002, 329,

pp 45. The entirety of Hart Ir. ot al. and M. Eshel et al. are incorporated herein by reference.

18337] Without being limited to theory, it 1s believed that the transition metal carboxylate
composition{s} described herein or prepared according to any process{es) disclosed herein can contain
substantial quantitics of mononuclear transition metal carboxylate. To test this hypothesis, one can
compare the high energy X-ray diffraction g(r) data points for any transition metal carboxylate
composition described herein or any transition metal carboxylate composition prepared according o
any process{es) disclosed herein to the high cnergy X-ray diffraction g(r) data points for the authentic
mononuclear transition metal carboxyiate. In many instances pure and/or aunthentic samples of
mononuclear transition metal carboxylates are not available. In these instances, the high energy X-ray
diffraction g{v) data points for any transition metal carboxylate composition described hercin or any
transition metal carboxylate composition prepared according to any process{es) disclosed herein can
be compared to a calculated high cnergy X-ray diffraction g{r) data points of a theoretical model of
the mononuclear travsition metal carboxylate. The model of the monouuciear transition roetal
carboxylate can be produced utilizing any number of methods available 1o those skilled in the art. In
one example, the model of a mononuclear chromivm(111) carboxylate can be obtained by using
Spartan (8 with optimizations that assame a high spin Cr(HI) conter with quartet ground spin state by
chiaining initial geometries via PM3 geometry optimizations with conformational scarching and
further geometry optimization utifized DFT B3LYP with the LACVP basis set with an effective core
potential on Cr and 6-31g** on H, C, O. In another example, the model of the mononuociear transition
metal carboxylate can be obtained using a heuristic method similar to the one described herein for
chromium{1l) carhoxylates. The high energy X-ray diffraction g(r} data points calculated for the
mononuclear transition metal carboxylate model can be caleulated using methods and/or programs
available to those skilled in the art (e.g. the PDFFut hbrary of functions and routines as implemented
n PDFgui - version 1.0 - C. L. Farrow, P, Jobés, J. W, Lig, . Bryndin, E. 5. BoZin, 1. Bloch,

Th. Proffen and S. 1. L. Billinge, PDFfitZ and PDFgut: computer programs for studying nanosiruciure
wn erystals, J. Phys.: Condens. Matter 19, 335219 (2007 and can be utilized to caleunlate the high
energy X-ray diffraction d{r) data points for a mononuclear chromium carboxylate model which can

then be converted to high energy X-ray diffraction g{r) data points.

{8338] The comparison of the high energy X-ray diffraction g(r) data points for transition metal
carboxylate compositions described hercin or prepared according to the process(es) disclosed herein
to the high cnergy X-ray diffraction g{r) data points for the authentic mononuclear transition metal

carboxylate or a caleulated high energy X-ray diffraction g(tv) data points of a theoretical model of the
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mononuclear transition metal carboxylate can be made using techniques known and used by those
skilled in the art. Ope method for comparing the bigh encrgy X-ray diffraction g{r) data poinis for
transition metal carboxylate compositions described herein or prepared according to the process{es)
disclosed herein to the high energy Xeray diffraction gy} data points for the authentic mononaclear
transition metal carboxylate or a calenlated high energy X-ray diffraction g{y) data points of a

theoretical model(s) of the meononuclear transition metal carboxylate can be to perform a goodness of

fit test. The closer the goodness of it tost test value, R, is to 1, the more likely the transition metal

carboxylate composition contains a significant quantity of movnonuclear transition metal carboxyiate,

18339] 1t should be noted that when the comparison is made using a calculated high encrgy X-ray
diffraction g{r) data points of a theoretical model of the mononuciear transition metal carboxylate, one
does not necessarily expect a goodness of fit R” test value very close to 1 because the comparison is
made to a theorctical model of the mononuclear transition metal carboxylate and as such is not the
actual structure for the monouuciear transition metal carboxylate. While vot wishing to be bound by
theory, 1t is believed that even 1f any of the herein described transition metal carboxylate compositions
or any of the transition metal carboxylate compositions produced by any process(es) deseribed herein
is a purc mononuclear transition metal carboxylate, the goodaess of fit R” test value would unlikely be
1 because there could tikely be differences between the structure of the theorctical model of the
mononuclear ransition metal carboxylate and the actual pure mononuclear transition carboxylate.

The difference between these stroctures could result in differences in the measured high encrgy Xeray
diffraction g{r} data points and the caleulated high energy X-ray diffraction giy) data points.
Consequently, the goodness of fit test value, R?, would not be expected to be 1. However, the
goodness of fit test value, R, still has value since the high energy X-ray diffraction g(r) data points
for transition metal carboxylate compositions having significant quantities of mononuclear transition
metal carboxylate will have a goodness of fit test value, R, closer to I than a transition metal
carboxylate composition which has significant quantitics of dinuclear, trivwclear, or higher

polymuclear transition metal carboxylate species.

18348]  Depending upon the number of carbon atoms in the carboxylate of the transition metal
carboxylate, it can be impractical or difficult to prepare a theoretical model of the mononuclear
transition metal carboxylate. Reviewing theoretical structures of monomiclear transition metal
carboxylates, it can be apparent that the transition metal atom, the two oxygen atoms of the
carboxylate group chelated with the transition metal, the carboxylate group carbon and oxygen atoms,
and the carbon atom attached to the carboxylate group can be relatively fixed in space because they do
not have free rotation about any bond that could change its distance from the other atoms.
Cousequently, one could expect that there could not be large variations in the regpective bond
distances and bond angles between these atoms as a function of the carboxylate of the transition metal

carboxylate. Without any further substituents, these atoms could form a transition metal acctate.
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Consequently, in an embodiment, any transition metal carboxylate composition described herein or
anry transition metal carboxylate composition produced by any process described herein can be
compared to a mononuclear transition metal acetate. I any transition metal carboxylate composition
described herein or any transition metal carboxylate composttion produced by any process{cs)
described herein contains significant quantitics of mononuclear transition metal carboxylate, one
could cxpect that the high encrgy X-ray diffraction g{r) data points of a mononuclear transition metal
carboxylate composition can be compared to the high energy X-ray diffraction g(r) data points of an
authentic transtfion metal acetate ot the calculated high energy X-ray diffraction g{v) data points of a
theoretical model of the mononuclear transition metal transition metal acetate, Without being Hmited
to theory, the comparison between any transition metal carboxylate composition deseribed herein or
anry transition metal carboxylate composition produced by any process{es) described herein could be
expected to be fairly similar to the high energy X-ray diffraction g(r) data points of an authentic
transition metal acetate or a calculated high energy X-ray diffraction g(t) data points of a theoretical
model of the mononuclear transition metal transition metal acetate. In particular, the comparison
could be expected to be reasonable up to and incloding r values of 4 A where the contributions from
mtormolecular interactions and contributions of the non-hydrogen atoms of the carboxylate group
beyond the carbon atom attached to the carboxylate (C=0) carbon atom could be expected to be

small.

[8341] Regarding the goodness of fit test value, RY, the goodness of fit test value can be calealated
using the equation R =1~ {88,/ 55,). Within the equation RY=1- (88 7/ 5SSk, 5SS, 18 the
sunrmation of the squares of the residual between the bigh energy X-ray diftraction g(r} data potnts of
the transition metal carboxylate composition and either a) the high energy X-ray diffraction g{y) data
points for the actual mononaclear transition metal carboxylate or b the caleulated high energy X-ray
diffraction g(r) data points for a theoretical model of the mononuciear transition metal carboxylate.
Within the equation R* = 1 — (88, / 88,,0), 88, is the summation of the squares of the differences
between the high energy X-ray diffraction g(t) data points of the transition metal carboxylate
composition and the mean of the high energy Xeray diffraction g{r) data points of the transition metal
carboxylate composition. In order for the goodness of fit test value to have reasonable meaning, the
test should be performed using 3 reasonable number of high energy X-ray diffraction g(r) data points.
Herein, the goodness of fit test value can be calenlated using high energy X-ray diffraction gir) data
points separated by 0.01 Angstroms over the r valae range to which the goodness of fit test value is to
be caleulated. Typically, the high energy X-ray diffraction g(r) data points can be at exact hundredths
of an Angstrom r values. However, the bigh energy X-ray diffraction g{r) data poinis can be based
upon any st of g(r) data peiots separated by 1 values of 0.01 Angstroms. Additionally, to provide the
best basis for the goodness of fit test value (and to avoid interpolation of the g{r) data points), the high

energy X-ray diffraction g{r) data points of the transition metal carboxylate composition and the high
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energy X-ray diffraction g{r} data points for the actual mononuclear transition metal carboxylate or
the calculated high energy X-ray diffraction g(r) data for a theoretical model of the mononuciear

transition metal carboxylate should located at the same r values.

18342] v an cmbodiment, the goodness of it tost value can be based on the application of the
goodness of fit test over a range of v values of the high energy X-ray diffraction g(r) data points of the
transition metal carboxylate composition and the high energy X-ray diffraction gfr) data points for the
actual mononucicar transition metal carboxylate or the calculated high energy X-ray diffraction g(n)
data poinis for a theoretical model of the mononuclear transition metal carboxylate. In some
cmbodiments, the minimum t value for the range of values for the goodness of it test value for the
comparison of the high energy X-ray diffraction g(x} data points of the transition metal carboxylate
composition and the high energy X-ray diffraction g{r) data points for the actual mononuclear
transition metal carboxylate or the calculated high energy X-ray diffraction g(r) data points for a
theoretical model of the movornuclear transition metal carboxvlate can be 1.2 angstroms; alternatively,
1.25 angstroms; alternatively, 1.3 angstroms; alternatively, 1.35 angstroms; or alternatively, 1.4
angstroms. In some embodiments, the maximum r value for the range of values for the goodness of
fit test value for the comparison of the high encrgy X-ray diffraction gt} data points of the transition
metal carboxylate composition and the high energy X-ray diffraction g(v) data points for the actual
mononuclear transition metal carboxylate or the calculated ligh energy X-ray diffraction g(v) data
points for a theoretical model of the mononuclear transition metal carboxylate can be 4 angstroms;
alternatively, 3.9 angstroms; alternatively, 3.8 angstroms; aliernatively, 3.7 angstroms; or
alternatively, 3.6 angstroms; altornatively, 3.5 angstroms; ahternatively, 3.4 angstroms; alternatively,
3.3 angstroms; alternatively, 3.2 angstroms; alternatively, 3.1 angstroms; ov alternatively, 3.0
angstroms. In an embodiment, the goodness of fit test value can be based upon the apphication of the
goodness of fit test for the comparison of the high energy X-ray diffraction g{r) data points of the
transition metal carboxylate composition and the high energy X-ray diffraction g{v) data points for the
actual mononuciear transition metal carboxylate or the calculated high energy X-ray diffraction g(r)
data points for a theoretical model of the mononuclear transition metal carboxylate over an r vahue
range that ranges from any minimum 1 value described herein to any maximum r valoe deseribed
hercin, In some non-limiting embodiments, the goodness of {it test value can based upon the
application of the goodness of it test for the comparison of the high energy X-ray diffraction g{v) data
points of the transition metal carboxylate composition and the high energy X-ray diffraction giy) data
points for the actual mononaclear transition metal carboxylate or the caleulated high energy Xeray
diffraction g(r) data points for a theoretical model of the mononuchear transition metal carboxylate
over a r value range of 1.3 Angstroms 1o 4 Angstroms; or alternatively, the goodness of it test value
1s based upon the application of the goodness of fit test over a v value range of 1.3 Angstroms to 3.2

Angstroms; alterpatively, 1.3 Angstroms to 3.3 Angstroms; alternatively, 1.3 Angstroms to 3.4
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2

Angstroms: alternatively, 1.3 Angstroms to 3.5 Angstroms; alternatively, 1.3 Anestroms to 3.¢
£ ; ¥s 2 2 > ; 5

)

6
Angstroms; alterpatively, 1.3 Angstroms to 3.7 Angsiroms; alternatively, 1.3 Angstroms to 3.8
0

43

Angstroms; alternatively, 1.3 Angstromos to 3.9 Angstroms; aliernatively, 1.3 Angstroms to 4.

Angstroms.

[8343] Ther values of these ranges can seem arbitrary. However, the selection of the maximumr
value of the ranges can be based upon supposition, without being limited to theory, that
intermolecular contributions and effects of bond rotation beyond the carbon atom atiached to the
carboxyiate {C=0) carbon atom cannot be accurately accounted for when using a calculated high
energy X-ray diffraction of transition metal carboxylate theoretical model. Thus the longer r value
can be selected to exclade these difficult to model characteristics. The lower limit of the v value of
these ranges can be based upon the supposition, without being limited to theory, that the more
important and/or more mesningful atom to atom distances can have an average atom to atom distance
of at feast 1.2 to 1.3 angstroms. Additionally, the only bound distances shorter than 1.2 Angstroms are
then carbon-hydrogen bonds which contribute less than Ipercent to the scattering intensity and are not
generally considered in the data handiing and modeling. Thus, the lower limit of the shorter v value
can be selected to include the contributions from the shortest tmportant and/or meaningful atom to

atom distances,

18344]  In anembodiment, the gooduess of it test can be performed between the high energy X-ray
diffraction g{r) data points for any transition metal carboxylate composition described herein and/or
any trapsition metal carboxylate composition prepared according to any process{es) disclosed herein,
and the high energy X-ray diffraction g{r) data points for an authentic mononuclear transition metal
carhoxylate. In another embodiment, the goodness of fit test can be performed between the high
energy X-ray diffraction g{r) data points for any fransition metal carboxylate composition deseribed
herein and/or any transition metal carboxylate composition prepared according to any process{es)
disclosed herein, and the high energy X-vay diffraction g{r) data points for a theoretical model of the
mononuclear transition metal carboxylate. In an embodiment, the goodness of it test value, R, can
be based upon the high energy X-ray diffraction g{r) data poiats over any range of v disclosed herein.
T an embodiment, R” for the goodness of fit test (over any range of r disclosed herein) between the
high energy X-ray diffraction g(v) data points for any transition metal carboxylate composition
described herein and/or any transition metal carboxylate composition prepared according {0 any
process{es) disclosed herein, and the bigh energy X-ray diffraction g(r) data points for an authentic
mononuclear transition metal carboxylate or a caleulated high energy X-ray diffraction g(v) of
theoretical model of the mononoclear transition metal carboxylate can be at least 0.55; alternatively,
at least 0.60; alternatively, at least 0.625; alternatively, at least (1.65; alternatively, at least (1.675;
alternatively, at least 0.70; alternatively, at least (.723; alternatively, at least (.75; alternatively, at

least 0.7785; alternatively, at least $1.80; alternatively, at least $.825; alternatively, at least (1.85;
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aiternatively, at least 0.875; or alternatively, at least 0.90. In anocther embodiment, R for the
goodness of it fest {over any range of v disclosed herein} between the high energy X-ray diffraction
g{(r) data poiots for any trausition metal carboxylate composition described herein and/or any
transition metal carboxylate composition prepared according to any process{es) disclosed herein, and
the high energy X-ray diffraction g(r) data points for an avthentic mononuclear transition metal
carboxylate or a calculated high encrgy X-ray diffraction g{t} of a theorctical model of the
mononuclear transition metal carboxylate can range from 0.55 1o 1; alternatively, range from 0.60 to
1; alternatively, range from 0.625 to 1; alternatively, range from 0.65 to 1; alternatively, range from
$.675 to 1; alternatively, range from .70 to §; alternatively, range from 0.725 to 1; alternatively,
range from (.75 to 1; alternatively, range from 0.775 to 1; alternatively, range from 0.80 to 1;
alternatively, range from 0.825 to 1; alternatively, range from (.85 to 1; alternatively, range from

(.875 to 1; or alternatively, range from (.90 1o 1.

183458] o an cmbodiment, a goodness of it test can be performed between the high encrgy X-ray
diffraction g{v) data points for any transition metal carboxylate composition described herein and/or
any transition metal carboxylate composition prepared according to any process{es) disclosed herein,
and the high energy X-ray diffraction g{r) data points for the authentic mononuclear transition metal
acctate. In another embodiment, the goodness of it tost can be performed between the high enorgy X-
ray diffraction gir) data points for any transition metal carboxylate composition described herein
and/or any transttion metal carboxylate composition prepared according to any process(es) disclosed
herein, and the caleulated high energy X-ray diffraction g(r) daia points of a theoretical model of the
mononuclear transition metal acetate. In an embodiment, the gooduess of fit test value, R* can he
based upon the high encrgy X-ray diffraction giy) data points over any range of r disclosed herein. In
an embodiment, R” for the goodness of fit test {over any range of r disclosed herein) between the high
energy X-ray diffraction gir) data points for any transition metal carboxylate composition described
herein and/or any transition metal carboxylate comaposition prepared according 0 any process{es}
disclosed hercin and the high energy X-ray diffraction g(r) data points for a high energy X-ray
diffraction g{r) data points for an authentic mononuciear transition metal acetate or a calculated high
energy X-ray diffraction g{r) of a theoretical model of the mononeciear transition metal acetate can be
at least 0.55; alternatively, at least 0.60; alternatively, at least 0.6235; alternatively, at least 0.63;
alternatively, at least 0.675; alicmatively, at least 0.70; alicrnatively, at least 0.725; aliomatively, at
least (.75; alternatively, at least 0.775; alternatively, at least 0.80; alternatively, at least 0.525;
aiternatively, at least 0.85; alternatively, at least 0.875; or alternatively, at least 0.90. Inan
embodiment, R’ for the goodness of fit test (over any range of r disclosed herein) hetween the high
energy X-ray diffraction gir) data points for any transition metal carboxylate composition described
herein and/or any transition metal carboxylate composition prepared according to any process{es)

disclosed herein and the high energy X-ray diffraction g(r) data points for a high energy X-ray



21pERIPOT
WO 2013/089963 147 PCT/US2012/065289

i

diffraction g{r) data points for an asthentic mononuclear transttion metal acetate or a calculated high
energy X-ray diffraction g(r) of a theoretical model of the mononuclear transition metal acetate can
range from (.55 to 1; alternatively, range from 0.60 to 1; aliernatively, range trom 0.625 10 1;
alternatively, range from 0.65 to 1; alternatively, range from 0.675 1o 1; alternatively, range from (.70
to 1; alternatively, range from 0.725 to §; alternatively, range from (1.75 to 1; alternatively, range from
(.775 to 1; alternatively, range from (.80 to 1; alternatively, range from 0.825 to 1; aliernatively,

range from (.85 to 1; alternatively, range from 0.875 to 1; or alterpatively, range from 0.90 to 1.

{8346] In a non-limiting crmbodiment, the high energy X-ray diffraction g(r} data points for any
chromium{1) carboxylate compesition described berein or any chrovuom{II) carboxylate
composition prepared according to any process described herein can be compared to the high energy
Ke-ray diffraction g(r) data points of an authentic mononuclear chromium(T) carboxylate using the
goodness of fit fest. In another non-limiting embodiment, the high encrgy X-ray diffraction g{r} data
points for any chrominm{ {11} carboxylate composition described herein or any chromium(1)
carboxylate composition prepared according to any progess described hevein can be compared to a
calculated high energy Xeray diffraction g(v) data points of a theoretical model of the mononuclear
chromium{1l) carboxylate using the goodness of fit test. [n other non-limiting embodiments, the high
energy X-ray diffraction g{r) data points for any clroniund 1} carboxylate composition deseribed
herein or any chromivm{IT) carboxylate composition prepared according to any process described
herein can be compared to the high energy X-ray diffraction g(r) data points of authentic mononuclear
chromivm({1i} acetate using the goodness of fit test. In another non-limiting embodiment, the high
energy X-ray diffraction g{r) data points for any chromium{lil} carboxylate composition described
herein or any chromium ()} carboxylate composition prepared according to any process described
herein can be compared to a caleulated high energy X-ray diffraction g(v) data points of a theoretical
model of mononuclear chromium(Ii} acetate using the gooduoess of fit test. In any embodiment or
aspect described herein, the goodness of fit test value, R, for the goodness of fit test {over any range
of r disclosed herein) between the high energy X-ray diffraction g(v) data pounds of any chromimn(i)
carboxylate composition described herein and/or any chromivm{I) carboxylate composition
prepared according to any process(es) disclosed herein and the high energy X-ray diffraction giy) data
points for an authentic mononuclear chromiom{I1} carboxylate, the high energy X-ray diffraction g{r)
data points for an authentic monenuclear chronium{Il} acetate, a caleulated high energy X-ray
diffraction g{(v) of a theoretical model of the mononuclear chromivm(I1) carboxylate, or a caleulated
high energy X-ray diffraction g{r) of a theoretical model of the mononuaclear chromium(1i) acetate
can be at least 0.55; alterpatively, at least 0.60; alternatively, at least 0.625; alternatively, at least 0.65;
alternatively, at least 0.6735; alternatively, at least 0.70; alternatively, at least 0.725; alternatively, at
least 0.75; alternatively, at least 0,775, alternatively, at least .80, alternatively, at least .82 5;

aiternatively, at least 0.85; alternatively, at least 0.875; or alternatively, at least .90, In any



21pERIPOT
WO 2013/089963 148 PCT/US2012/065289

embodiment or aspect described herein, the goodness of fit test vahue, R, for the goodness of fit test
{(over any range of 1 disclosed herein} between the high energy X-ray diffraction g(r} data points of
any chromiura{ 1} carboxylate composition described herein and/or any chronium(Iil) carboxylate
composition prepared according to any process{es) disclosed herein and the high encrgy X-ray
diffraction g(x) data points for an authentic mononuclear chromivm{(HI) carboxylate, the high energy
X-ray diffraction g(r) data points for an authentic mononuclear chromium(Ii) acctate, a calculated
high encrgy X-ray diffraction g{v) of a theorctical model of the mononuclear chroodumd 111
carboxylate, or a caleulated high energy X-ray diffraction g(r) of a theoretical model of the
mononuclear chromium{I1) acetate can range from 0.55 to | alternatively, range from 0.60 1o 1
alternatively, range from 0.625 to 1; alternatively, range from 0.65 to |; alternatively, range from
(.675 to 1; alternatively, range from 0.70 to 1; alternatively, range from (.725 to 1; alternatively,
range trom .75 to 1; altcrnatively, range from 0.775 to 1; alternatively, range from 0.80 10 1;
alternatively, range from 0.825 to 1; alternatively, range from (.85 to 1; alternatively, range from

0.875 to 1; or alternatively, range from .90 to 1.

18347} In some non-lmiting embodiments, any chromivm{IH} carboxylate composition described
herein or any chromiom{H1} carboxylate composition produced by any process{es} described herein,
can be characterized using singly, or in any combination, any characterizing crabodiment described
herein; for exanmple the presence or absence of an infrared peak disclosed herein, any infrared peak
height featare disclosed herein, any tnfrared peak wavelength separation described herein, any
infrared peak height ratio disclosed herein, the presence or absence of any high cnergy X-ray
diffraction peak described hercin, and/or any goodness of fit R” fest value disclosed herein, among
other. Fach of these characterizing elements s disclosed herein and can be utihzed without hmitation

to describe the chromiom{IH) carboxylate composition(s) of the present disclosure.

[8348] Various aspect and embodiments described herein refer to non-hydrogen substitugnts such
as halogen (or halo, halide), hydrocarbyi, hydrocarboxy, alkyl, and/or alkkoxy substituents, among
others. The non-hydrogen substituents of any aspect or any embodiment calling for a substituent can
be a balide, a C; to Cyp hydrocarbyl group, or a C; 1o Cy¢ hydrocarboxy group; altersatively, a halide
ot a C; 1o Cyp hydrocarbyl group; alternatively, a halide or a C; to Cyp hydrocarboxy group;
afternatively, a | to Oy hydrocarbyl group or a C to Cy hydrocarboxy group; alternatively, a halide;
alternatively, a Cy to Uy hydrocarbyl group:; or alternatively, a €, to Cyp hydrocarboxy group. In
other emboediments, the non-hydrogen substitucuts of any aspect or any embodiment calling for a
substituent can be a halide, a C; to Cs hydrocarbyl group, or a C; to Cs hydrocarboxy group;
aliernatively, a halide or a C; to Cs hydrocarby! group; alternatively, a halide ora C, to Cs
hydrocarboxy group: alternatively, a C; to Cs hydrocarbyl groop or a C; to s hydrocarboxy group;
alternatively, a halide; alternatively, a C,; 1o C; hydrocarbyl group; or alternatively, a Gy 1o Cs

hydrocarboxy group.
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[8349]  In an embodiment, any halide substituent of any aspect or any embodiment calling fora
substitugnt can be a fhuoride, chloride, bromide, or iodide; alternatively, a fluoride or chloride. In
some cmbodiments, any halide substituent of any aspect or any erbodiment calling for a substituend

can be a fluoride; alternatively, a chloride; aliernatively, a bromide; or alternatively, an iodide.

[8358] In an embodiment, any hydrocarbyl substituent can be an alkyl group, an aryl group, or an
avalkyl group; alternatively, an alkyl group; alternatively, an aryl group; or alternatively, an aralkyl
group. Generally, the alkyl substituent group(s), the aryl sobstituent group(s), and/or an aralkyl
substituent group(s} can have the same number of carbon atoms of the hydrocarbyi substituent group
disclosed herein. in an embodiment, any alkyl substitient of any aspect or any embodiment calling
for a substituent can be a methyl group, an ethy! group, an n-propy! group, an isopropyl group, ann-
butyl group, a sec-butyl group, an isobutyl group, a tert-butyl group, an n-pentyl group, a 2-pentyl
group, a 3-pentyl group, a Z-methyi-1-butyl group, a tert-peniyl group, a 3-methyl-i-butyl group, a 3-
methyl-2-butyl group, or a neo-pentyl group; aliernatively, a methyl group, an cthyl group, an
1sopropyl group, a tert-butyl group, or a neo-pentyl group; aliernatively, @ methy! group; alternatively,
an ethyl group; alternatively, an isopropy! group; alternatively, a tert-butyl group; or alterpatively, a
neo-pentyl group. In an embodiment, any aryi substitucont of any aspect or any embodiment calling
for a substitucnt can be phenyl group, a tolyl group, a xylyl group, or g 2,4, 6-trimethyipheny! group;
alternatively, a phenyl group; alternatively, a tolvl group; alternatively, a xylvl group; or alternatively,
a 2,4,.6-trimethylphenyl grovp. In an embodiment, any aralkyl substitoent of any aspeet or any
embodiment calling for a substituent can be benzyl group or an ethylphenyl group (2-phenyleth-1-v1
or I-phenyleth-1-y1); altornatively, a benzyl group; alteratively, an cthylpheoyl group; aliernatively,

a 2-phenyleth-{-vl group; or alternatively, a 1-phenyleth-1-v1 group.

[8381] In an embodiment, any hydrocarboxy substituent of any aspect or any embodiment calling
for a substituent can be an alkoxy group, an aryloxy group, or an aralkoxy group; alternatively, an
alkoxy group; alternatively, an aryloxy group, ov an aratkoxy group. Generally, the allioxy substituent
group(s}, the aroxy substitucnt group(s), and/or an aralkoxy substituent group(s) can have the same
number of carbon atoms of the hydrocarboxy substituent group disclosed heren. In an embodiment,
any alkoxy substituent of any aspect or any embodiment calling for a substituent can be a methoxy
group, an ethoxy group, an n-propoxy group, an isopropoxy group, an n-butoxy group, a sce-butoxy
group, an isobuioxy group, a tert-buloxy group, an n-pentoxXy group, a 2-pentoxy group, a 3-pentoxy
group, a 2-methyl-1-butoxy group, a tert-pentoxy group, a 3-methyi-1-butoxy group, a 3-methyl-2-
butoxy group, or a neo-pentoxy group; alternatively, a methoxy group, an cthoxy group, an
isopropoxy group, a tert-butoxy group, or a neo-pentoxy group; alternatively, a methoxy group;
aliernatively, an ethoxy group; alternatively, an isopropoxy group; alternatively, a tert-butoxy group;
or alternatively, 2 neo-perdoxy group. Inoan embodiment, any aryloxy substituent of any aspect or any

embodiment calling for a substituent can be phenoxy group, a toloxy group, a xyloxy group, or a
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2.4 6-trimethylphenoxry group; alternatively, a phenoxy group; alternatively, a toloxy group;
alternatively, a xyloxy group; or alternatively, a 2,4,6-trimethylphenoxy group. In an embodiment,
any aralkoxy substituent of any aspect or any embodiment calling for a substituent can be benzoxy

SIOUp.

{8352} The methods described herein can utilize one or more solvents. Non-limiting examples of
solvents which can be utilized in aspects and/or embodiments of the present disclosure inchude
without Hmitation hydrocarbouns, halogenated hydrocarbouns, cthers, thiocthers, nitriles, amines,
phosphinces, phosphites, carbonates, esters, ketones, aldehydes, alcohols, or any combination thereof;
alternatively, hydrocarbons, halogenated hydrocarbous, ethers, thiocthers, nitriles, amines,
phosphines, phosphites, or any combination therecof . In some aspects and/or embodiments, a method
can ¢all for a polar solvent; or alternatively, a non-polar solvent. Polar solvents which can be utilized
include without limitation others, thiccthers, nitriles, amings, phosphines, phosphites, carbonates,
esters, ketones, aldehydes, alcohols, or any combination thereof; alternatively, cthers, thiocthers,
nitriles, amines, phosphines, phosphites, or any combination thercot alternatively, ethers;
aiternatively, thiosthers; alternatively, nitriles; alternatively, amines; altermatively, phosphines; or
alternatively, and phosphites. In some aspects and embodiments, a method can call for a non-polar
solvent. Non-polar solvents include without limitation hydrocarbons, halogenated hydrocarbons, or
any combination thereof, alternatively, a hydrocarbon; or alternatively, a halogenated hydrocarbon.
In other aspects and/or embodiments, the variogs process steps, isolation steps, and/or purification
steps in the process of making the transition metal carboxylate composition can uiilize an aprotic
solvent. Aprotic solvents which can be utilized in various aspects and/or embodiments of the present
disclosure can mehade hydrocarbons, halogenated hydrocarbons, ethers, thioethers, esters, ketones,
aldehydes, nitriles, and any combination thereof, altermatively, hydrocarbons, halogenated
hydrocarbons, cthers, thiogthers, nitniles, and any combination thereof; alternatively, hydrocarbons,
halogenated hydrocarbons, any combination thereof] aliernatively, ethers, esters, ketones, aldehydes,
nitriles, and any combination thercof; alternatively, cthers, nitriles, and thercof; alicmatively,
hydrocarbons; alternatively, halogenated hydrocarbons; alternatively, ethers; alternatively, esters;
aiternatively, thioethers, alternatively, ketones; alternatively, aldehydes; or alternatively, nitriles. In
some aspects and/or embodimenis, the various process steps, isolation steps, and/or purification steps
in the process of making the transition metal carboxylate composition can utilize an aprotic polar
solvent. Aprotic polar solvents which can be utihized include ethers, thipethers, esters, ketones,
aidehydes, nitriles, and any combination thereof; alternatively, cthers, thigethers, nitrifes and any
combination thercof; alternatively, esters, ketones, aldchydes and mixtures thereof; aliernatively,
cthers; alternatively, thioethers, alternatively, esters; alternatively, ketones; aliernatively, aldehydes;
ot alternatively, nitriles. In some aspects, the aprotic polar solvent can be, comprise, or consist

essentially of, any neotral Hgand (or combination of neutral ligands) disclosed herein. In some
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aspects and/or embodiments, the various process steps, isolation steps, and/or purification steps in the
process of making the transition metal carboxylate composition can utilize a non-polar solvent. Non-
polar solvents which can be utilized fo various aspects and/or embodiments of the present disclosure
can imclade hydrocarbons, halogenated hydrocarbons, or any combination thereof; alternatively,
hydrocarbons; or alternatively, a halogenated hydrocarbons. In other aspects and/or embodiments, the
various process sieps, isolation steps, and/or purification steps in the process of making the transition
metal carboxylate composition canutilize a coordinating solvent. Coordinating solvents which can be
utilized in various aspects and/or embodiments of the present disclosure can include cthers, esters,
ketones, aldehydes, mitriles, or mixtures thereof, alternatively, ethers, nitriles, or mixtures thercof;
aiternatively, ethers; alternatively, esters; altematively, ketones; alternatively, aldehydes; or
alternatively, nitriles. In some aspects, the coordinating solvent can be comprise, or consist
essentially of, any neutral ligand (or combination of noutral ligands) disclosed herein. In other aspects
and/or embodiments, the various process steps, isolation steps, and/or purification steps in the process
of making the transition metal carboxylate composition can utilize a non-coordinating solvent. Non-
coordinating solvents which can be utilized in various aspects and/or embodiments of the present
disclosure can include hydrocarbons, halogenated hydrocarbons, or nuxture thereof; aliormatively,

hydrocarbons; alternatively, halogenated hydrocarbons.

{8383]  FEthers, thioethers, nitriles, amines, phosphines, and phosphites are described herein. These
ethers, nitriles, amines, phosphines, and phosphites can be utilized without limitation as a member of

g particular solvent class described herein.

18354] Hydrocarbons and halogenated hydrocarbons which can include afiphatic hydrocarbons,
aromatic hydrocarbons, petroleum distillates, halogenated aliphatic hydrocarbons, halogenated
aromatic hydrocarbons, or combmations thereof, or alternatively aliphatic hydrocarbons, aromatic
hydrocarbons, halogenated aliphatic hydrocarbons, halogenated aromatic hydrocarbons, and
combinations thereof. In some embodiments, hydrocarbons and halogenated hydrocarbous can
inchude alipbatic hydrocarbons; alternatively, aromatic hydrocarbous; aliernatively, halogenaied

aliphatic hydrocarbons; or alteroatively, halogenated aromatic hydrocarbons.

{8388]  Alipbatic hydrocarbons which can be usefisl as a general solvent, a non-polar solvent, and/or
a non-coordinating solvent include C4 to Cye aliphatic hydrocarbons; alternatively C4 to Cy5 aliphatic
hydrocarbons; or alternatively, Cs to Cyg aliphatic hydrocarbons. Aliphatic hydrocarbons can be
cyclic or acyclic and/or can be linear or branched, unless otherwise specified. Non-limiting examples
of suttable acyclic aliphatic bydrocarbon solvenis which can be utilized as a general solvent, a non-
polar solvent, and/or a non-coordinating solvent include iso-butane, n-butane, butane (n-butanc or a
piixture of linear and branched C4 acyclic aliphatic hydrocarbons), pentane (n-pentane or a mixture of
lincar and branched Cs acyclic aliphatic hydrocarbons), hexane {n-hexane or mixture of lincar and

branched Cq acyclic aliphatic hydrocarbons), heptane (n-heptane or mixture of lincar and branched C;



21pERIPOT
WO 2013/089963 152 PCT/US2012/065289

acyclic aliphatic hydrocarbons), octane (n-octane or a mixture of lnear and branched Gy acycelic
aliphatic hydrocarbouns), and any combination thercof; alternatively, iso-butane, n-butane, butane (n-
butane or a mixture of lincar and branched C, acyelic aliphatic hydrocarbons), pentane (n-pentanc or a
mixture of linear and branched Cs acyelic aliphatic hydrocarbons), hexane (n-hexane or mixture of
linear and branched Cy acyclic aliphatic hydrocarbons), heptane (n-heptane or mixture of linear and
branched C; acyclic aliphatic hydrocarbons), octane (n-cctane or a mixture of finear and branched Cy
acyclic aliphatic hbydrocarbons), and any combination thercof; alternatively, iso-butane, n-butane,
butane (n-butane or a mixture of linear and branched C, acyclic aliphatic hydrocarbons), pentane (n-
pentanc or a mixture of Hnear and branched Cs acyelic aliphatic hydrocarbons), heptane (n-heptane or
mixtore of linear and branched C; acyclic aliphatic hydrocarbons), oetane (n-octane or a mixture of
linear and branched Cy acyclic aliphatic hydrocarbons), and any combination thereof, alternatively,
1so-butane; alternatively, u-butane; aliernatively, butane (n-butane or a mixture of linear and branched
C4 acyclic aliphatic hydrocarbons); alternatively, pentane (n-pentanc or a mixture of Hinear and
branched Cs acyclic aliphatic hydrocarbons); alternatively, hexane (n-hexane or mixture of linear and
branched Cq acyclic aliphatic hydrocarbons); aiternatively, heptane {n-heptanc or mixture of linear
and branched C; acyclic aliphatic hydrocarbons); or altematively, octane (n-octane or a mixture of
linear and branched Cy acyelic aliphatic hydrocarbons).  Non-limiting examples, of suitable cyclic
aliphatic hydrocarbon solvents which can be utilized as the non-coordinating solvent, include
cyclohexane, methyl cyclohexane, and any combination thereof; alternatively cyclohexane; or

alternatively, methylevelehexane.

18356]  Aromatic hydrocarbons which can be useful as a general solvent, a non-polar solvent, and/or
a non-coordinating solvent include Cg to Oy aromatic hydrocarbons; or alternatively, Coto Cg
argmatic hydrocarbons. Non-limiting examples of suitable aromatic hydrocarbons which can be
utilized as a general solvent, a non-polar solvent, and/or a non-coordinating solvent include benzene,
toluene, xylene (including ortho-xylene, meta-xylene, para-xylene, or mixtures thereof}, and
cthylbenzene, or auy combination thercof, alternatively, benzene; alterpatively, toluene; alternatively,
xylene (including ortho-xvlene, meta-xylene, para-xylene or mixtures thereof); or alternatively,

ethylbenzene.

[8357] Halogenated aliphatic hydrocarbons which can be utilized as a general solvent, 2 non-polar
solvent, and/or a non-coordinating solvent can include C; to Cy5 halogenated aliphatic hydrocarbous;
alternatively, C; to Cy halogenated aliphatic hydrocarbons; or alternatively, C; to Cs halogenated
aliphatic hydrocarbons. The halogenated aliphatic hydrocarbous can be cyelic or acyelic and/or can
be linear or branched, unless otherwise specified. Non-limiting examples of suitable halogenated
aliphatic hydrocarbons which can be utilized as a general solvent, a non-polar solvent, and/or a non-
ceordinating solvent can include methylone chloride, chioroform, carbon tetrachloride,

dichlorocthane, trichloroethane, or any combination thercof, alternatively, methyiene chloride
2 3 2 S o 3
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chloroform, dichlorgethane, trichlorocthane, or any combinations thercof; alternatively, methylene
chloride; altematively, chloroform; alternatively, carbon tetrachloride; alternatively, dichlorocthane;
or alternatively, trichlorocthane., Halogenated aromatic hydrocarbons which can be utilized as a
general solvent, a non-polar solvent, and/or a non-coordinating solvent can include T to Ty
halogenated aromatic hydrocarbons; or alternatively, Cq to Cy halogenated aromatic hydrocarbons.
Non-limiting examples of suitable halogenated aromatic hydrocarbons which can be utilized as a
general solvent, a non-polar solvent, and/or a non-coordinating solvent can include chlorobenzene,
dichlorobonzene, or any combination thereof; alternatively chlorobenzene; or alternatively,

dichlorobenzene,

{B388]  Fthers, thicethers, carbonates, esters, ketones, aldehvdes, or alcohols which can be useful as
a solvent can be, comprise, or consist essentially or, G, to Cyp ethers, C; to Uy thioethers , &) to Oy
carbonates, C, to Ty esters, € to Cyp ketones, £, o Cyp aldehydes, or C; to Cyp alcohols;
alternatively, C; to Oy ethers, Cs to Cyp thioethers or Gy to Cyy carbonates; alternatively, Co 1o Cyp
ethers; alternatively, C; to Cop thicethers; alternatively, C; to Ty carbonates; alternatively, ¢ to Cop
esters; alternatively, C, to Cyp ketones; alternatively, C; to Cyp aldehydes: or alternatively, &, to Ty
alcohols. In some embodiments, a usetul selvent can be, comprise, or consist essentially of, C; to Cyg
cthers, s to Cyy thioethers, €, to Cro carbonates, €, 1o Cyg osters, O to Crp ketones, C; 10 Cyg
aldehydes, or C; to Cyg alcohols; alternatively, G, to Cyp sthers, C; to Cig thioethers, or Crto Cyp
carbonates; alternatively, C; to Cyp ethers; alternatively, C; to Cyg thicethers; alternatively, C; to Cyp
carbonates; alternatively, Co to Cyp asters; alternatively, €, to Cy ketones; alternatively, G to Cyp
aldehydes; or alternatively, C; to Cy alcohols. Suitable ether solvents can be cyclic or acyclic. Now-
himiting examples of suitable ethers which can be useful as a solvent inclade dimethy! ether, diethyl
cther, methy! ethyl ether, monoethers or dicthers of glyeols (e.g., dimethyl glyeol ether), furan,
substituted furans, dihydrofuran, substituted dihydrofurans, tetrahydrofuran (THF), substituted
tetrabydrofurans, tetrabydropyran, substituted tetrahydropyrans, 1,3-dioxane, substituted 1,3-
dioxanes, 1,4-dioxane, substituted 1,4-dioxanes, or mixtures thereof) alternatively, dimethyl cther,
diethyl ether, methy! ethyl ether, monocthers or diethers of glycols {e.g., dimethyl glyeol ether), or
mixtures thereot; alternatively, furan, sabstituted furans, dihydroforan, substituted dihydrofurans,
tetrahy droforan (THF), substitoted tetrahydrofurans, tetrahydropyran, substituted tetrabydropyrans,
1,3-dioxane, substituted 1,3-dioxanes, 1,4-dioxane, substituted 1,4-dioxanes, or mixtures thercof;
alternatively, dimethy! ether, diethyl ether, methy! ethyl ether, or mixtures thereof; alematively,
monocthers or dicthers of glycols {e.g., dimethyl glyeol ether); alternatively, tetrahydrofiran (THF),
substituted tetrahydrofurans, tetrahydropyran, substituted tetrahydropyrans, 1,3-dioxane, substituted
1,3-dioxanes, 1,4-dioxane, substituted 1,4-dioxanes, or mixtures thereof, alternatively, tetrahydrofuran
(THF), tewwahydropyran, 1,3-dioxane, 1,4-dioxane, or myixtures thereof; or alternatively,

tetrahydrofuran. In an embodiment, cach substituent of a substituted furan, substituted dihydrofuran,
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substituted tetrahydroforan, substituted tetrahydropyran, substituted 1,3-dioxane, or substituted 1,4-
dioxane, can be a Cq to Cs alkyl group. € to Cs alkyl substituent groups are disclosed herein and can
be utilized without limitation of further describe the substituted tetrahydrofurans, substituted
dihydrofurans, substituted furans, substituted 1,3-dioxanes, or substituted 1,4 dioxanes which can be
atilized as the polar aprotic solvent. Non-limiting examples of suitable carbonates which can be
utilized as a solvent inchude ethylenc carbonate, propyiene carbonate, dicthyl carbonate, diethyi
carbonate, glycerel carbonate, and combinations thereof. Non-lHmiting examoples of suitable esters
which can be utilized as a solvent mclude ethyl acetate, propyl acetate, butyl acetate, iscbutyl
1sobutyrate, and combinations thereof. Non-limiting examples of suitable ketones which can be
wtilized as a solvent inchude acetone, ethyl methyl ketone, methyl isobuty! ketone, and combinations
thereof. Non-limiting examples of suitable alcohols which can be utilized as a solvent include
methanol, ethanol, propanol, isopropanol, n-butanol, isobutanol, pentanol, hexanol, heptanol, octanol,

benzyl alcohel, phenol, cyelohexanol, and the like, or combinations thereof,

18359) Nitriles which can be utilized as a solvent include C; 1o Cy; nitriles; alternatively, C: to Cip
nitriles; or alternatively, C; to Cs mitriles. Generally, the nitriles which can be utilized a5 2 solvent can
be cyelic or acyclic, linear or branched, and/or aliphatic or aromatic. Non-limiting examples of
nitriles which can be utilized as a solvent include, but are not hmited to, acctonitrile, propionitrile,
butyronitrile, benzonitrile, or any combination thereof; alternatively, acetonitrile, propionitrile,
butyronitrile, or any combination thereof. In some embeodiments, the solvent can be, comprise, or

consist essentially of, acctonitrile.

1#360] 1o an aspect, the solvent in which the transition metal precursor and the Group 1 or Group 2
carhoxylate are contacted, if utilized, can be, comprise, or consist cssentially of, any neutral ligand
described herein. In some embodiments wherein the transition metal precursor contains a neutral
ligand, the solvent in which the transifion metal precurser and the Group 1 or Group 2 carboxylate are
contacted, if utilized, can be, comprise, or consist essentially of, any neutral ligand present in the
fransition metal precursor, In other embodiments, wherein the transition metal precursor contains a
neufral ligand, the solvent in which the trapsition metal precursor and the Group 1 or Group 2
carboxylate are contacted, if utilized, can be different than any neutral ligand present in the transition
metal precursor. Neuitral ligands are described herein and these neutral ligands can be utitized without
{imitation as the solvent, if utilized, for contacting the transition metal precursor and the Group 1 or

Group 2 carboxylate.

193611 o a non-limiting embodiment, the polar aprotic solvent can be, comprise, or consist
essentially of, monoethers or diethers of glycols {e.g., dimethyl glycol ether), furan, substituted
forans, dilydroforan, substituted dihydroforans, tetrahydrofuran (THF), sobstituted tetrahydrofirrans,

tetrahydropyran, substituted tetrahydropyrans, 1,3-dioxane, substituted 1,3-dioxanes, 1,4-dioxane,

substituted 1,4-dioxanes, or mixtures thereof. In an embodiment, each substituent of a substituted
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furan, substituted dihydrofuran, substituted tetrabydrofuran, substituted tetrahydropyran, substituted
1,3-dioxane, or substituted 1,4-dioxane, can be a (; to s alkyl group. € to Cs alkyl substituent
groups are disclosed herein and can be utilized without linttation of further describe the substituted
tetrahydrofirans, substituted dihydrofurans, substituted furans, substituted 1,3-dioxanes, or substituted
1,4 dioxzanes which can be utilized as the polar aprotic solvent. In an embodiment, the polar aprotic
solvent can be, comprise, or consist essentially of, tetrahydrofuran (THFE), foran, 2-
methyhtetrahydrofuran, 3-methylietrahydrofuran, dihydrofuran, pyran, tetrahydropyran, 2,3-
dihydropyran, 1,3-dioxane, 1,4-dioxane, morpholine, N-methylmorpholine, dimethyl ether, diethyl
ether, methyl ethyl ether, methy! phenyl ether, methyl i-butyl ether, ditsopropyl ether, di-n-buty] ether,
1,2-dimethoxyethane, bis(2-methoxyethyl) ether, or any combination thereof. In some cmbodiments,
the polar aprotic solvent can be, comprise, or consist essentially of, tetrabydrofuran {(THF), furan, 2-
methylictrahydrofuran, 3-methyitetrabydrofuran, dihydroforan, pyran, tetrabydropyran, 2,3-
dibydropyran, 1,3-dioxane, 1,4-dioxane, dimethy! ether, diethyl ether, methyl ethyl ether, methyl
phenyi ether, methyl «-butyl ether, ditsopropyl ether, di-n-butyl ether, 1,2-dimethoxyethane, bis(2-
methoxyethyl) other, or any combination thereof; alternatively, tetrahydrofuran (THF), furan, 2-
methyhtetrahydrofuran, 3-methylietrahydrofuran, dihydrofuran, pyran, tetrahydropyran, 2,3-
dihydropyran, 1,3-dioxane, |,4-dioxane, or any combination thereof; alternatively, dimethyl ether,
diethyl cther, methyl] ethyl ether, methyl phenyl ether, methyl +-butyl ether, dilsopropyl ether, di-n-
butyl ether, 1,2-dimethoxyethane, bis{2-methoxyethyl) ether, or any combination thercof. In other
embodiments, the pelar aprotic solvent can be, coraprise, or consist essentially of, tetrabydrofuran
(THF), 2-methyltetrabydrofuran, 3-methyltetrahydrofuran, tetrahvdropyran, 1,3-dioxane, 1,4-dioxane,
or any combination therect. In other embodiments, the polar aprotic solvent can be, comprise, or

consist essentially of, tetrahydroforan (THF).

18362] Similarly, examples of suitable nitriles that can be utilized as the polar aprotic solvent
mclude, but are not limited 10, a C; to Cy alkyl nitrile, ot a C; to Cyp arvi nitrile or any combination
thercof. Further in this aspect and in any embodiment, suitable nitriles which can be utilized as the
coordinating fivst solvent include G, to Cpp mitriles; alternatively, C; to Cpmitriles; or alternatively,
to Cp mitriles. Suitable nitrile solvents which can be utilized as the coordinating first solvent can be
cyclic or acyclic, lincar or branched, aliphatic or aromatic. Non-limiting examples of suitable pitriles
which can be useful as a polar aprotic first solvent inchude, but arc not Bmited to, acetoniirile,
propionitrile, butyronitrile, benzonitrile, or any combination thereof; alternatively, acetonitrile,
propionitrile, butyronitrile, or any combination thereof. In some embodiments, the solvent can be,
comprise, or consist essentially of, acetonitrile.

18363} In a further aspect, thiocthers that can be utilized as a solvent can be, comprise, or consist
essentially of, a C; to Oy diatkyi thioether, a C; to Cyp dialkyl thicether, a C4 to C; cyclic thioether, or

any combination thereof. In some embodiments, a thicether which can be utilized as a can be,
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comprise, or consist essentially of, thiophene, 2-methylthiophene, 3-methvithiophene
] . Y 0L, : Y B ) ] ,

tetrahydrothiophene, or any combination thereof.

{8#364] For the purpose of any U.S. national stage filing from this application, all publications and
patents mentioned in this disclosure are incorporated herein by reference in their entiveties, for the
purpose of describing and disclosing the constructs and methodologies described 1n those
publications, which might be used in connection with the methods of this disclosure. Any
publications and patents discussed above and throughout the text are provided solcly for their
disclosure prior to the filing date of the present application. Nothing hercin is o be construed as an

admission that the fnventors are not entitled to antedate such disclosure by virtue of prior invention,

18365] Unless indicated otherwise, when a range of any type is disclosed or claimed, for example a
range of molar ratios, temperatures, and the like, it 18 intended to disclose or claim individually each
possible munber that such a range could reasonably encompass, including any sub-ranges
encompassed therein. When describing a range of measurcmonts such as molar ratios, cvery possible
number that such a range could reasonably encompass can, for example, refer to values withio the
range with one significant digit more than is present in the end points of a vange. [n this example, a
molar ratio between 1.03:1 and 1.12:1 includes individually molar ratios of 1.63:1, 1.04:1, 1.05:1,
1.06:1, 1.67:1, 1.068:1, 1.09:1, 1.16:1, 1111, and 1.12:1. Applicants’ intent is that these two methods
of describing the range are interchangeable. Morcover, when a range of values is disclosed or
claimed, which Applicants intend to reflect individually each possible number that such a range could
reasonably encompass, Applicants also intend for the disclosure of a range to reflect, and be
interchangeable with, disciosing any and all sub-ranges and combinations of sub-ranges cucompassed
therein,. When describing a range in which the end points of the range have different numbers of
significant digits, for example, a molar ratio from 1:1 to 1.2:1, every possible number that such a
range could reasonably encompass can, for example, refer to values within the range with one
significant digit more than is present in the end point of a range baving the greatest mumber of
significant digits, in this case 1.2:1. In this example, a molar ratio from 1:1 to 1.2:1 includes
mdividually molar ratios of 1.01, 1.02, 1.03, 1.04, 1.05, 1.06, 1.07, 1.08, 1.09, 1.10, 1.11, 1.12, 1.13,
1.14, 1.18, 1.16, 1.17, 118, 1,19, and 1.20, all relative to 1, and any and all sub-ranges and
combinations of sub-ranges encompassed therein. Accordingly, Applicants reserve the right to
proviso out or exchude any individual members of any such group, including any sub-ranges or
combinations of sub-ranges within the group, if for any reason Applicants choose to claim less than
the full measure of the disclosure, for example, to account for a reference that Applicants are unaware
of at the time of the filing of the application.

18366] In any application before the United States Patent and Trademark Office, the Abstract of
this application is provided for the purpose of satisfying the requirements of 37 C.F.R. § 1.72 and the

urpose stated in 37 CF.R. § 1.72(b) *“to enable the United States Patent and Trademark Office and
purp o
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the public generally to determine quickly from a cursory inspection the nature and gist of the technical
disclosure.” Therefore, the Abstract of this application is not intended to be used to construe the
scope of the claims or 1o limit the scope of the subject matter that is disclosed herein. Morcover, any
headings that can be employed herein are also not intended to be used to construe the scope of the
claims or to Bmit the scope of the subject matter that is disclosed herein. Any use of the past tense to
describe an example otherwise indicated as consiructive or prophetic is not intended to reflect that the

constructive or prophetic example has actually been carried out.

18367} For any particular compound disclosed herein, the general structure presented is also
intended to cncompass all conformational isomers and storeoisomers that can arise from a particular
set of substituents, unless indicated otherwise. Thus, the general structure encompasses all structural
1somer (e.g. a reference to a propyl group inchudes n-propyl and ise-propyl, or e.g. a reference to
diazole include 1,2-diazole and 1,3-diazole), enantiomers, diasicrcomers, and other optical isomers
whether in enantiomeric or racemic forms, as well as mixtures of stersoisomers, as the context permits
or recuires, unless specifically indicated otherwise. For any particular formula that is presented, any
general formula presented also encompasses all conformational isomers, regivisomers, and
stereoisomers that can arise from a particular set of substituents. Moreover and unless otherwise
specified, the disclosure of a general compound or structure that can encompass more than one
regioisomer is intended o encompass all possible regicisomers within such a general disclosure. For
example, by the disclosure of L can be, comprise, or consist essentially of, diazepine, a diazepine, or
diazepines, it is intended to reflect that L can be, comprise, or consist essentially of, 1,2-diazepine,

1,3-diazepine, or 1,4-diazepine.

19368]  The present disclosure is further illustrated by the following cxamples, which are not to be
construed In any way as imposing lmitations upon the scope thercof. On the contrary, 1t is to be
clearly understood that resort can be had to various other aspects, embodiments, modifications, and
cquivalents thereof which, after reading the description herein, can suggest themselves to one of
ordinary skill in the art without departing from the spirit of the present invention or the scope of the

appended claims.

18369] The data and descriptions provided in the following examples arc given o show particular
aspects and embodiments of the compounds, eatalyst systems, and olefin oligomerization and/or
slefin polymerization methods disclosed, and {o demonstrate a number of the practices and
advantages thereof. The examaples are given as a more detailed demonstration of some of the aspecis
and embodiments described berein and are not intended to ot the disclosure or claims inany

manncy.
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EXAMPLES

General Expevimental Procedures and Starting Materials

18378 Unless specified otherwise, alf reactions were performed under an inert and at least
substantially dry atmosphere. Al glagsware was dried in an oven at 100 °C for 4 hr and brought into

an inert and at least substantially dry atmosphere glovebox (drybox) while warm.

[8371] The starting material CrCL(THF)s was purchased from Aldrich Chemical Company and
dried further as described below. The Z-ethylhexanoic acid was purchased from Aldrich and used
without further purification. All solveunts were purchased from Aldrich as anhydrous grade and were

stored over freshly activated 5A molecular sieves.

EXAMPLE &

18372] A round bottom flask {250 mb) was charged with a stir bar, sodiur hydroxide (13.87 g,
3.347 mol) and methanol (200 mL) under ambient conditions. 2-Ethyihexanoic acid (50.00 g, 0.347
mol} was added dropwise to the stirred solution over 30 min. The solvent was then removed by rotary
evaporation producing a white, tacky solid. This white solid was then heated at 185 °C and a pressure
less that 25 torr for 18 hr, yiclding anhydrous sodiom Z-ethylhexanocate as 3 hard, white solid (97%
isolated yield). Anhydreus sodium 2-cthylthexanoate is very hygroscopic and was handled under an

mert and substantiallydry atmosphere.

EXAMPLE 2

{8373} Commercially avatlable CrCL{THF ), obtained from Aldrich contained significant amounts
of water; therefore, further drying was used to provide anhydrous CrChL{THE ), as follows. A roumd
bottom tlask (SG mlL) was charged with a stir bar, CrCE(THF); (8g) and THF (25 mbL).
Trimethylsilylehloride (8 mL) was added dropwise to the vigorously stirmving solotion. The mixture
was allowed to stir overnight. The purple solid was collected by filiration, washed once with pentane
(50 mL} and dried under dynamic vacuum to afford the product (93% vield). The anbydrous
CrCL{THF); was a fine, pink-purple powder, while the damp material is a darker purple, clompy

solid.

EXAMPLE 3

[8374] A round bottom flask (1 L) was charged with CrCHL{THF), (21.01 g, 8.05361 mol),
anhydrous sodivm 2-ethythexancate (27.99 g, 8.168 moly and THF (250 mL}. The reaction was
allowed to stir at 23 °C for 96 hr, and the solvent was removed to vield a green tar-like material. The
solid was heated at 30 °C under vacoum for 2 br then extracted into pentane (600 mL) and filtered
through Celite™ filter aid. The solation was very viscous making it difficult to filter. A large amount

of green solid remained undissolved after filtration. The solvent was removed producing a green film
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(5.1 g}. FEGURE 7 provides an IR spectrum for the chromivm{Iil} 2-ethythexanoate produced using a
sodium Z-gthyl hexanoate to CeCL{THF); molar ratio of approximately 3. FIGURE 8 provides an
expanded section, 2000 cm™ to 1000 cny™, of the IR spectrum for the chromium(111) 2-cthythexanoate
produced using the sodium 2-ethyl hexanocate to CrCL{THF); molar ratio of approximately 3. The

infrared peak height and various infrared peak height ratios are provide in Table 1.

EXAMPLE 4

[8378] A round bottom flask (500 mL} was charged with CrCR{THF) (7.27 ¢, 0.0194 mol) and
THF (160 mL). A solution of anhydrous sodium 2-ethythexancate (10.00 g, 0.0602 mol) in THF (60
ml} was added to the heterogencous CrCL(THF); solution while stirring. The reaction mixtore was
allowed to stir at 25°C for 24 br, after which time the solvent was removed to vield 2 green tacky
solid. This green solid was then heated at 35 °C under vacuurs for 2 hr, after which the product was
extracied into cyelohexane (400 mL) and filtcred through Celite™ filter aid. The solvent was removed
from the filtrate under vacuum preducing a green tacky solid (7.1g). FIGURE 9 provides an IR
spectrum for the chromium{1il) 2-cthylhexanoate produced using the sodium 2-cthyl hexanoate to
CrCL(THF); molar ratio of approximately 3.1. FIGURE 10 provides an expanded section, 2000 cm™!
to 1000 em’, of the IR spectrum for the chromium(Ill) 2-ethylhexanoate produced using the sodium
2-gthy! hexanoate to CrChL{THF}; molar ratio of approximately 3.1. The infraved peak height and

various mfrared peak height ratios are provide in Table 1.

EXAMPLE S

{83761 A round bottom flask (500 mL) was charged with CrCL{THF); (20.10 g, 0.0537 mol). A
solution of anhydrous sodium 2-cthythexanocate (29.42 g, 0.177 mol) in THF (250 ml} was added 1o
the solid CrOL(THF): while stirring. The reaction mixture was allowed to stir at 23°C for 72 hy, after
which time the solvent was removed to yield a green tacky solid. This green solid was than heated at
30 °C under vacuom for 2 b, after which the prodoct was extracted into pentane {500 mbL) and
filtered through Celite®. The solvent was removed from the filtrate under vacoum producing a green
tacky solid (24.5 g). FIGURE 11 provides an IR spectrum for the chromium{{ll) 2-ethythexanocatc
produced using a sodivm 2-cthylhexanoate to CrCL{THE); molar vatio of approximately 3.3,
FIGURE 12 provides an expanded section, 2000 e to 1000 ent’', of the IR spectrum for the
chromium{1ll} 2-cthythexanoate produced using the sodium 2-cthythexanocate to CrCL{THF); molar
ratio of approximately 3.3. The infrared peak beight and various infrared peak height ratios are

provide m Table 1.

EXAMPLE 6 - SOBIUM REMOVAL

[8377] Methed A -~ Me:SiClmethod. A 20 mL vial was charged with the product of EXAMPLE S

(1.373 g, approximately 0.68 mmol) and 10 mL of cyclohexane. The vial was then shaken vigorously
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to dissolve the chromium complex, resulting in a viscous solution. Me;SiCH((.030 g, .28 mmol) was
then added to the sofution and a white precipitaic formed immediately. The reaction mixture was
allowed to stand overnight, over which time a grecn gol had formed that settled out, leaving behind a

very light green solution.

[8378] Method B) - 2-Ethylhexanoic acid method. A 20 mL vial was charged with CrCL(THEF),
{1.00 g, 2.67 mmol), sodium 2-cthylhexanoate (1.340 g, 8.06 mmely, 2-ethylhexancic acid (0.116 g,
0.80 mmal) and THF (15 ml). The mixturc was stirred for 3 days, over which time a red-violet
solution and a white solid formed. The solvent was removed under vacuum and the product was
extracted with cyclohexane, filtered through Celite” filter aid, and dricd under vacuum to produce a

blue-green oil. ICP-OES: Cr, 11.85 wt. %; Na, 0.02 wt. %.

[8379] FIGURE 13 provides an IR spectrum for the sodiom-free chromium{lll) 2-cthythexanoate
prodoced using Method A on the chromium(IH) 2-cthythexanoate produced using the sodiim 2-
ethyibexanoate to CrlL{THF); molar ratio of approximately 3.3 (EXAMPLE §). FIGURE 14
provides an expanded section, 2000 cm™ to 1000 e, of the IR spectrum for the sodium free
chromium( {11} 2-ethythexanoate produced using the sodium 2-cthythexanocate to CrCL{THF); molar
ratic of approximately 3.3 (EXAMPLE $). The infrared peak height and variouns infrared peak height

ratios are provide in Table 1

EXAMPLE7

[8388] A round bottom flask (500 mL} was charged with CrCL{THF R (18.00 g, 0.0507 mol). A
solution of anhydrous sodivm 2-ethyfhexanoate (34.00 g, 0.205 mol) in THF (200 mL) was added to
the solid CrCL{THEF), while stivring. This reaction mixture was allowed to stir at 23 °C for 60 hr,
after which time the solvent was removed to vicld a green foamy solid. This solid was heated at 30
°C under vacuum for 2 hr, then extracted into pentane (200 mL) and filtered through Celite® filter aid
twice. The solvent was removed from the filtrate under vacuum to provide a green film (27.9 g,
FIGURE 15 provides an IR spectrum for this chromium(If]) 2-ethythexanocate produced using the
sodium 2-ethyihexanocate to CrCL{THF): molar ratio of approximately 4. FIGURE 16 provides an
¢xpanded section, 2000 cm™' to 1000 cm”, of the IR spectrum for this chromium(Iil) 2-cthythexanoate
produced using the sodum 2-cthylhexanoate to CrCl;(THF); molar ratio of approximately 4. The
mfrared peak height and various infrared peak height ratios are provide in Table 1.

Infrared Analysis

{83811 Two commercially avatlable chromium(1l) 2-cthylhexanoate samples and the four
chromiom(Il) 2-ethythexanoate samples produced in Example 3-7 were analyzed using infrared
analysis. The first commercially available chromiom(l]) 2-cthylhexanoate sample and the four

chromium{1l) 2-cthylbexancate samples were prepared for 1R analysis using the following procedure.
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In a drybox, Smg of the sample and 500mg of anhydrous KBr were extensively groumd together by
mortar and pestle. A 10-nun KBr sample pellet was then formed by placing 100 mg of the
extensively ground sample in a Spectra-Tech Econo-Press Kit. The sample was then transterred to
the TR via an airtight receptacle. The IR spectrum was then acquived under a nitrogen purge.

Background spectra using pure KBr pellets were collected prior to collecting the desired spectra,

{8382] The second commercially available chromium(Ill} 2-ethythexanocate sample was
manufactured using mineral spirits as the diluent. A couple of drops of the second commercially
availabic chromium(ll) Z-¢cthylhexanoate saruple were then placed between two salt KBr plates and
transferred to the IR via av airtight receptacie. The IR spectrum was then acquired under a nifrogen

purge.

[383] The TR speetra were obtained using a Nicolet® Magna-TR 560 Fourier Transform nfrared
spectrometer with a Class 2, ImW HeNe laser source, KBr beamsplitter and DTGS detector. A
typical experiment encompassed 64 scans (1-4 cm™ resolution) with the background scans collected

B -
\9-;:

after the sample scans. The spectra were analyzed using OMNIC™ 7.4 seftware from Thermo Fisher

Scientific Inc.

Table 1 - Raw infrared baseline peak heights.

1685 & 1616+ 1879+ 1549% 1S16x 1460 1447 1429

Material 2em’ 28em’ 1Sem?t Bom? Bem” i8em’ 18emt 1Som?

First Commercial

Source Chronuum(HI) 0.31 1.83 - ¢.58 - 89,73 - 0.95
Z-ethylhexanoate
Second Commercial
Source Chronuum(HI) 3.14 3.31 - 336 - 3.38 - 3.64
Z-ethylhexanoate
Chromiumd{iil)
7 o 7 0.39 1.10 - - 3.22 1.19 1.23 1.71
2-gthylhexanoate of Example 3
Chromiumd{iil)
7 . 7 0.14 (.27 - - 1.00 (.43 0.41 0.53
2-ethylhexanoate of Example 4
Chromiumd{iil)
, o 7 0.25 0.56 0.63 - 1.97 0.84 0.76 0.97
2-gthylhexanoate of Example S
Chromiuméit)
) .17 0.45 - - 2.89 0.56 0.81 117
2-¢thyihexanoate of Example 6
Chromiuméit)
(.23 0.75 (.94 0.93 i.24 0.75 - (.80

2-¢thyihexanoate of Example 7
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Table 2 - Infrared peak ratios using raw infrared bascline peak heighis at the indicated average wavelengths.

1516 £ 18 em”/ 151618 em”/ 1516+ 15em™/ 14292 15w 1616+ 20 o’/
Material 1429 £ 15 cm” 1616520 ¢m” 1685+ 28 em” 1685k 20em” 1429 £1S5em”
First Commercial
Source Chromminm(HD 01 e ¢:1 3.0 1091
2-cthylhexanoate
Second Commercial
Source Chromaum( i) 01 0:1 0:1 1.15:1 o1
2-cthylhexanoate
Chromium{Ii)
2-¢thylhexanoate 1.8:1 25:1 8.3:1 4.4:1 0.64:1
of Example 3
Chromium{Ii)
2-¢thylhexanoate 1.8:1 371 7.2:1 3.8 0.51:1
of Example 4
Chromium{Ii)
2-¢thylhexanoate 2.0 3.6:1 79:1 3.9: 0.57:1
of Example §
Chromiun{1i)
2-cthylhexanoate 2.5 6.5:1 172 6.9:1 0.38:1
of Example 6
Chromium{ll)
2-cthylhexanoate 1.5: 1.6:1 5.4:1 3.4 0.95:1
of Example 7
Table 3 — Drawn infrared baseline (1856 cm™ to 1178 om™) peak heights,
1685+ 1616+ 1879+ 15494 1516+ 14681+ 1447 1429+
Material e’ 20em”’ ISem” 1Sem’ 1Sem’ Wem? Wem? 15w
First Commercial
Source Chromiuny1il) .22 0.93 - (.49 - 0.63 - (.84
2-cthyibexanoate
Second Commercial
Scuree Chromium{ i} 3.01 3,12 3.19 3.20 346

2-cthyibexanoate
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Chromium(Hi)

) 0.28 0.99 - - 3.11 1.19 1.1l 1.59
Z-ethylhexanoate of Example 3
Chromium{I)
) . 0.10 (.24 - - 0.97 (.41 0.38 (.51
Z-ethylhexanoate of Example 4
Chromium{I)
] 0.15 0.46 0.54 - 1.88 0.75 0.67 .88
2-cthylhexanoate of Example 5
Chromium{I)
] R 0.15 (.42 - - 2.86 .86 0.79 114
2-cthylhexanoate of Example 6
Chromium{IiT)}
0.09 (.62 0.8] (.80 1.i0 0.61 - (.66

2-cthylthexanoate of Exaruple 7

Table 4 - Infrared peak ratios using drawn infrared baseline peak heights at the indicated average wavelengths.

151615 cmY 1516 5cmY 1516+ 18cem™ 142815 em™ 1616+ 28 e’V
Material 1429+ 15 om”’ 16163 20 cm™ 168528 cmt 168520 cemt 1429 % §5 o)

First Commercial
Source Chromiom{(i 0:1 o 8:1 394 11t:d
Z-ethylhexanoaie
Second Cormercial
Source Chrominm{(HT) 0:1 001 g:1 1.15:1 0.90:1

Z-ethylhexanoaie

Chromium{il)

0.62:1

(%]
e

U
o

Z-ethylhexanoate 2.0:1 3.2:1 11.3:0
of Example 3
Chromium{il)
Z-ethylhexanoate 19:1 4.0:1 9.6:1 5.0:1 0.47:1
of Example 4
Chromium{il)
Z-ethylhexanoate 2.1:1 4.1:1 12.4:1 5.8:1 0.52:1
of Example 5

Chromium{il)

28]
LA
o

Z-ethylhexanoate 1.8:1 12,31 7.8:1 0.37:1

of Example 6
Chromium{If)
2-cthylhexanoate 1.6 0.56:1 7.3:1 $0.93:1

of Example 7
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High Energy X-Ray Diffraction Analysis

[8384] The first commercially available chromiom(11Y) 2-ethylhexanoate composition, the
chromium{1ll} 2-cthythexanoate composition produced using the procedure of Example 5, and the
chromivm{1Il) 2-cthythexanoate composition as produced according to R. T, Hart Jr., N, A, Eckert, L.
K. MNgala, A, F. Polley, C. I. Beomore, A. Clark, 8. Macha, Presentation CATL 20, The 237th ACS
Mational Meeting, Salt Lake City, UT, March 23, 2009, (hereafter “the Hart chromivm(I{1) 2-
cthylhexanoate composition”} was analyzed using high energy X-ray diffraction. The high encrgy X-
ray diffraction data was collected at station 11-1D-C of the Advanced Photon Source at Argome
National Laboratory using & monochromatic X-ray beam of 115 keV having an oval beam profile with
a major axis of 15 pm and a minor axis of 1.5 of wm was used to illuminate a 3 rom thick sample
approximately 1130 mm from the detector. In this particular instance, a sufficient amount of sample
(0.1 mg to 100 mg) to provide a 3 mm path length was placed ina 5 mm O.D. Pyrex” tube having 1
mm thick walls. Once the sample was placed in the Pyrex” tube, the Pyrex™ tube was then evacuated,
hackfitied with N;, and then flame scaled. The high coergy X-ray diffraction pattern for the sanple
contained in the Pyrex” tube was then obtained by impinging the monochromatic X-ray beam of 115
keV {(having an oval beam profile with 8 major axis of 15 pm and a minor axis of 1.5 of jm) upon the
sample at a terperature of 298 °K. The resulting diffraction pattorn was collected on a MAR345
image plate (2 345mm diameter image plate) at approximately 1130 millimeters from the sample.
The angle between the X-ray beam source and the image plate was 180 degrees and a beamstop lined
up with the center of the image plate between the sample and the image plate. Typically, the image
plate is exposed for 0.5 seconds. Generally, the exposure time can be adjusted to obtain a balance
hetween signal to notse ratio (longer exposure time provide improved signal to noise ratios) and
image plate saturation {shorter exposure times reduced image plate detector saturation). Sample to
detector distance, beam encrgy and detector orientation were determined osing an external reference
scan of Ce(, powder. Background diffractions of an identical empty Pyrex” tube and air were also
collected on MAR345 image plates to provide environment and background corrections, respectively,
for the sample analysis. High energy ¥X-ray diffraction image maunipulations and data analysis was
performed using FIT2D (Hammersley, A, P.; Svensson, S. O.; Hanfland, M.; Fitch, AL N;
Hausermann, D High Pressure Res. 1996, 14, 235-248) version 12,077 (April §, 2005 - Internal
Report (1998), ESRFISHADLT, FIT2D V9. 129 Reference Manual V3. 1; AP, Hammersley) and
PDFgetX2 (Qiu, X.; Thompson, J. W.; Billinge, 5. 1. L. J. Appl. Crystallogr, 2004, 37, 678).

e o - . « ® > N -
18385  The raw sample image (sample contained in a Pyrex” tube), environment image (empty
® . e - . .
Pyrex tube), and background tmage {air) were corrected for alignment, orientation and sample to

detector distance using Fit2D and were then converted to momentom space intensity histograms, {Q),
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by radially summing the corrected data images {(using standard corrections for multiple scattering, and
X-ray polarization using PDFgetX? (version 1) as shown in B Tomberli, C J Benmore, P A Egelstaff,
J Neuvefeind and V Houkdmiki. 2000 J. Phys.: Condens. Matier, 12, 2597). The environment and the
backgroumd momentum space intensity histograms were then subtracted from the raw sample
momentum space intensity bistogram within PDFgetX2 to provide a pure sample momentam space
intensity histogram. The pure sample momentum space intensity histogram, 1(Q}, was then converted
to a Structure function, S(Q}) which was then converted te the pair distribution function, G(1), by the

Fourter transtormation of the Structure function, Giry = 4arip(t) — pol

i\/ ’f",) jg"cdx Q{S (@)~ 1] sin{Qr} dQ {(where Q = 4z sin{0)/A, p{r} is the local density, and po is the
average density) up to Qua = 25 A7 within PDFgetX2. The pair distribution function, G(r) was then
normalized to provide the reduced pair distribution function, g{r} where g{(v) = G{rY/ps. The data
points (r,g(r}) are referred to herein as the high energy X-Ray diffraction gy} data points. Table §
provides the high energy X-ray diffraction g(r) data points {(from | angstrom to 6 angstroms) for a
chromium{Ul) 2-cthythexancate composition prepared according to the procedure of Example 5, the
Hart chromium{Iil} Z-ethythexancate composition, and the fivst commercially available
chromium{1i) 2-cthythexanoate compesition. Figure 17 provides a plot of g(x} versus ¢ {from 1
angsirom to 6 angsiroms) for the chromiom(1i) 2-cthylhexanocate composition prepared according to
the procedure of Example 5 and the first conmercially available chromdom(1il) 2-cthythexanoate
composition. Figure 18 provides a plot of g{r) versus v (from | angstrom to 6 angstroms) for the
chromium(Ill) 2-ethythexancate composition prepared according to the procedure of Example 5 and
the Hart chromium(1il) Z-ethylhexanoate composition. It can be clearly scen that the chromium{IH}
2-cthylhexanoate composition prepared according to the procedure of Example § is significanily
ditferend from the first commercially available chromium(1H) 2-cthylhexanoate conposition and the

Hart chromium{I{l} 2-cthythexancate composition.
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Table 5 — Chromimm{§i) 2-

ethyihexanoate g(v) data poinis

B g1 (e} e} 17 & gy 1

Exam. § a{r} comm, Fxam. 5 2() COmENL. Exam. 3 ={(r} COWm .

r{A) Sample Hart Sample r(A) Sample Hart Sample r(A) Sample Hart Samaple
160 0.6000 0.0000 (.0000 1.25 1.3852 -0.2256 1.0255 1.50 3.6440 15650 1.2208
1.61 0.6000 0.0000 (.0000 1.26 1.1282 -0.2610 1.0428 1.51 37615 1.5773 1.2629
1.02 0.0000 0.0000 (.0000 1.27 $.8482 -0.2467  1.0705 1.52 3.8202 1.6006 130985
1.03 0.0000 0.0000 $.0000 1.28 0.5613 -0.187 1.1088 £.53 3.8201 1.633¢ 1.3576
1.04 0.0000 0.0000 $.0000 1.2 $.2825 -0.0903 1.1534 1.54 37628 1.6756 1.4036
1.08 0.0000 0.0000 05,0000 130 (.0260 0.0382 1.2004 1.55 36514 1.7259 1.4445
1.06 0.0000 0.0000 5.0000 131 -0.1949 85,1901 1.2460 1.56 3.4903 1.7815 1.4760

0.0000

0.0000

0.0000

0.06000

0.0000

0.0004

0.0000

0.2350

0.6456

1.0192

(¥

0.0004

0.0600

0.0600

0.000¢

0.0600

0.0600

0.0600

0.0600

0.0600

0.00600

0.0004

0.0004

0.0600

0.000¢

0.0600

0.0600

0.0600

-3.1367

Fa VO
0.004

3.0000

0.000

(.0000

0.0060

$.0000

0.0060

0.0060

$.0060

0.0060

3.000

Fa VO
0.004

0.000

(.0000

0.0060

$.0000

$.0000

1.0345

1.34 -0.5431 87077 3438
1.35 -0.5326 (.8765 1.3570

136 -0.454%9 1.0343 1.3593

1.37 -0.3115 1.1755 1.3516

1.38 -0.1067 1.2974 1.3336

1.39 0.1530 1.3880 1.3087

140 (.4590 1.4768 1.2786

1.41 0.8012 1.5342 1.2461

1.42 1.1684 1.5720 1.2140

1.43 1.5487 1.5928 1.1850

1.44 1.9380 1.5597 i.1617

1.45 23003 1.5967 1.1462

146 2.6491 1.5876 1.1402

1.47 2.9657 1.5764 1.1448

1.48 3.2415 1.5668 1.1602

1.49 3.4694 1.5621 1.1860

1.58 3.0418 1.8951 1.4680

1.56 27675 1.9456 1.4831

1.60 24696 1.9866 1.4484

1.6l 2.1553 2.0144 1.3930

1.62 1.8323 2.0256 1.3170
1.63 5077 2.0175 1.2218

1.64 i.1884 1.9881 1.1087

1.63 0.8812 1.9367 (.9817

1.66 0.5920 1.8633 0.8445
1.67 0.3264 1.7692 (.7021

1.68 (.0895 1.6570 (.5598

1.6 -0.1141 1.5304 0.4237
1.70 -0.2807 1.3942 0.2998
171 -0.4068 1.2539 0.1944

1.72 ~(3.4895 1.1161 (0.1135

1.73 ~.5267 (.9878 0.0625

1.74 -(.5166 0.8762 0.0464
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Table 5 - Chromiwm(iii) 2- Table 5 - Chromium(iil) 2~ Table 5 — Chromimm{§i) 2-

ethylhexanoate g(r) data points ethyihexanoate g{r) data poiuts ethyihexanoate g(v) data poinis

B0 2y 1 (e} e} 17 & gy 1
Exam. § a{r} comm, Fxam. 5 2() COmENL. Exam. 3 ={(r} COWm .

r{A) Sample Hart Sample r(A) Sample Hart Sample r(A) Sample Hart Samaple

173 ~(3.4583 0.7886 (.0691 2.06 5.9447 87671 5.1661 228 0.1492 0.7734 09182
1.76 -0.3513 0.7321 0.1335 2.01 57341 6.6140 5.0074 226 02262 0.9678 0.9187

1.77 -0.1959 0.7131 0.2415 2.02 5.4688 5.3888 48141 227 0.3087 1.1687 (3.9237

1.78 0.0069 0.7373 (.3935 2.03 5.1554 5.006% 4.5915 228 0.3928 1.3705 0.9318
1.7¢ 0.2553 0.8003 (.5888 2.04 48012 57455 4.3452 229 0.4753 1.5621 0.9407

1.80 0.5467 0.9321 0.8254 2.05 44146 53432 4.0813 2.30 0.5537 1.737¢ (.9500

1.81 0.8775 11677 10997 2.06 4.0043 4.9060 3.8056 231 0.6260

et

8859 0.9584

1.82 2436 1.3360 1.4072 2.07 3.5797 4.4270 3.5240 2.32 0.6911 2.0123 (.9653
1.83 6396 1.6155 1.7423 2.08 3.1560 3.9358 3.2419 233 0.7485 2.1034 0.9702
1.84 2.0596 1.9428 2.0988 2.09 7243 3.4378 2.9644 234 0.7982 2.15%4 0.9727
1.8 2.4967 2.3128 24691 210 23167 2.9447 2.6962 2.38 0.2409 2.1792 0.9728
1.86 2.9436 2.7190 2.8457 211 1.917 2.4684 24413 236 0.8773 2.1628 3.9706
1.87 3.3923 3.1833 3.2206 212 1.551 2.6191 2.2028 237 0.9088 21118 (.9662
1.88 3.8343 3.6063 3.5858 2.3 1.2178 1.6064 1.8834 238 0.9368 2.0287 (.9590
1.86 4.2612 4.067 3.9337 2.14 (.9210 1.2384 1.7849 2.39 0.9625 1.8172 (.9520

-

1.90 4.6644 4.5268 42568 2.5 (.6648 89217 1.6085 240 0.9873 1.782¢ (.9428

1.91 5.0354 4.9721 4.5488 2.16 0.45067 0.6612 1.4547 2.41 10123

et

6282 $.9326

1.92 3.3665 5.3925 4.8036 217 (.2791 .4600 13234 2.42 1.0383 1.4615 (4.9219

1.93 3.6504 57769 5.0164 2.18 (.1492 (.3193 1.2137 243 1.0658 1.2879 0.9107

1.94 5.8807 61153 5.1834 2.19 0.0592 (.2385 1.1246 244 1.0049 131130 (.8993
193 6.0524 65,3983 53022 228 0.0062 (.2151 1.0545 245 11234 0.9425 0.5879
1.96 6.1615 6.6181 53714 221 -0.0136 0.2452 1.001S 246 1.1566 0.7815 0.8764

1.97 6.2055 6.7685 5.3847 222 -(.0044 (.3233 (.9636 247 1.1878 .6345 (.8648

1.98 6.1833 6.8448 5.3614 223 $.0291 (.4426 (.9385 248 1.2176 (.3053 (.8532

1.9 6.0957 6.8445 5.2855 2.24 0.0819 0.5054 0.9241 249 1.2447 0.3965 (.8413
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Table 5 - Chromiwm(iii) 2- Table 5 - Chromium(iil) 2~ Table 5 — Chromimm{§i) 2-

ethylhexanoate g(r) data points ethyihexanoate g{r) data poiuts ethyihexanoate g(v) data poinis

B0 2y 1 (e} e} 17 & gy 1
Exam. § a{r} comm, Fxam. 5 2() COmENL. Exam. 3 ={(r} COWm .

r{A) Sample Hart Sample r(A) Sample Hart Sample r(A) Sample Hart Samaple

2.50 126876 0.3101 (.8290 275 3.0486 (.2793 0.6830 3.80 1.4982 3.4649 1.4466
2.51 12848 0.2476 0.8162 276 0.0560 0.2815 0.725%9 3.01 1.5271 3.3827 14179

2.52 1.2947 0.2069 0.8027 277 0.0618 (.3041 0.7741 3.02 1.5454 32719 1.3897
2.53 1.2962 0.188% 0.7883 278 (.0836 0.3497 0.8272 3.03 1.5526 3.1362 1.3638
2.54 1.2880 0.1909 0.7730 2.79 0.1145 0.4203 0.8843 3.04 1.5484 2.8797 1.3487
2.58 1.2695 0.2105 07366 2.80 (.1538 0.5168 0.9448 3.08 1.5326 2.8972 1.3228
2.56 1.2401 0.2442 07391 2.81 0.200 0.6394 1.0075 3.06 1.5056 2.6237 13111
2.57 1.1998 1.2886 0.7207 2.82 (.2544 0.7874 1.0714 3.07 1.4679 2.4343 1.3087
258 .1488 0.3396 0.7018 2.83 03141 (.9580 13354 3.08 14201 2.2442 13106
2.59 1.0878 0.3934 0.6816 2.84 0.3790 1.1518 £.1983 3.00 1.3636 2.0581 1.3234
2.50 1.0189 0.4462 (.6618 2.85 $.4483 1.3618 1.2569 3.10 1.2995 1.8808 1.3457

2.61 0.9406 0.4943 0.6415 186 0.5214 1.5857 £.3163 3.1 1.2296 17163 L3778

-

2.62 (0.8572 0.5349 0.6221 2.87 {.5974 1.8185 1.3652 312 11555 1.5681 1.4194

2.63 0.7698 0.5654 0.603% 2.88 0.6758 2.0551 1.4167 313 10701 1.4351 1.4704

2.64 0.6802 0.5841 0.5873 2.89 (.7558 2.2842 1.4578 3.14 1.0024 1.3314 1.5301

2.65 0.5905 0.5900 05732 285 (.8367 25182 14921 318 0.9273 1.2463 1.5977
2.66 0.5026 0.5831 0.5620 2.51 0.917 27337 1.5188 3.16 0.8556 1.1842 1.6720

2.67 0.4186 0.5640 (.5544 252 (.9882 2.9316 1.5378 3.17 0.7892 1.1449 1.7517

2.68 0.3402 .5342 0.5511 253 1.076% 3.1073 1.5489 3.18 0.7294 11274 1.8354

2.69 0.2690 0.4959 (.5526 2.54 1.1532 3.2564 £.5523 319 0.6775 £.31209 1.9214
2.70 0.2063 0.4521 (.5594 285 1.225% 3.3757 1.5483 3.20 0.6346 1.1501 20079

271 0.1532 0.4062 0.5719 2196 1.2940 3.4625 15377 321 0.6011 11853 2.0933
272 0.1105 0.3620 (.5804 2.97 1.3563 3.5151 1.5211 322 0.5775 1.2324 23757
273 0.0787 0.3234 0.6151 2.98 14119 3.5327 1.4995 3.23 0.5637 1.2879 22534
274 0.0581 0.2945 0.6460 2.89 1.4593 3.5156 1.4743 324 0.5502 1.3483 2.3247
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ethyihexanoate g(v) data poinis
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&) R &) CORS &) gy 1
Exam. § a{r} comm, Fxam. 5 2() COmENL. Exam. 3 ={(r} COWm .
r{A) Sample Hart Sample r(A) Sample Hart Sample r(A) Sample Hart Samaple
3.25 0.5632 1.4102 2.3880 3.50 0.8216 {.5850 0.8135 378 0.6597 0.0451 0.266%
3.26 0.5756 1.4703 2.4419 3.51 $.8351 (.5338 0.7166 376 0.6435 0.0818 $5.2908
3.27 0.5931 5254 24852 .52 $.8519 (.5274 0.625% 3.77 0.6334 0.128% $.31309
3.28 0.6163 5729 2.5170 3.53 0.8712 $.5046 0.5418 378 0.6296 0.i856 (.3360
3.29 0.6430 6104 2.5363 3.54 0.8922 $.4343 0.4648 3.7% 0.6318 0.2510 0.3567
3.30 0.6717 1.6362 2.5427 3.55 (.9140 0.4653 0.3951 3.80 0.6368 0.3236 (.3757
331 07011 1.6489 2.5359 3.56 (.9354 $.4463 0.3328 3.81 0.6528 0.4017 (.3929
3.32 0.729¢ 1.6486 2.5158 3.57 (.9555 $.4263 0.2781 3.82 0.6700 0.4834 {.4082
333 0.7561 1.6331 2.4826 3.58 $4.9731 $.4044 0.2308 3.83 0.6902 0.5667 $.4213
3.34 0.7796 1.6047 2.4366 3.59 $4.9872 $.379¢9 0.1910 3.84 0.7121 0.6495 $.4325
3.35 0.7963 1.5637 2.3786 3.60 0.9968 {.3525 0.1585 3.88 0.7345 0.7295 0.4415
3.36 0.8148 15112 2.3092 3.61 1.0013 (.3218 0.1328 3.86 07560 0.8048 .4487
3.37 0.8258 1.4489 2.2295 3.62 1.006 {.2882 0.1140 3.87 0.7752 0.8734 $.4540
3.38 0.8323 3787 2.1466 3.63 $.9928 $.2521 0.1015 388 0.7910 0.9336 0.4576
3.39 0.8348 3026 2.0436 3.64 0.9797 0.2143 0.0949 3.85 0.8022 0.9840 $.4598
3.40 0.8338 1.2228 1.9398 3.65 (.9608 06,1757 0.0938 3.90 0.8081 1.0235 (.4608
341 0.8301 1.1413 18306 3.66 (.9368 05,1376 0.0976 3.91 0.8080 1.0514 (.4609
342 0.8245 1.0602 17173 3.67 {(.9083 0.1014 0.1060 3.92 0.8018 0674 0.4602
343 0.8180 0.9813 1.6012 3.68 (.8764 $.0685 0.1182 3.93 0.7865 0715 (.4591
3.44 08116 0.9063 1.4837 3.69 $.8422 $.0405 0.1338 3.94 0.7715 0643 $.457%
3.45 0.8063 0.8364 1.3660 3770 0.8070 (.0188 0.1522 3.95 0.7484 1.0468 0.4568
3.46 0.8031 0.7726 1.2493 371 87720 $4.0047 0.1728 396 07213 1.0201 (.4561
3.47 0.8025 0.7155 1.1347 3.72 $.7386 -0.0605  0.1952 397 0.6913 0.985% $.456
3.48 0.8052 0.6653 1.0233 .73 6,708 $.0041 0.218¢6 3.98 0.6600 0.9461 $4.4570
3.49 0.8115 0.6220 $4.915% 3.74 0.6814 0.0192 0.2427 3.95 0.6290 0.902¢6 $.4590
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Table 5 - Chromiwm(iii) 2- Table 5 - Chromium(iil) 2~ Table 5 — Chromimm{§i) 2-

ethylhexanoate g(r) data points ethyihexanoate g{r) data poiuts ethyihexanoate g(v) data poinis

B0 2y 1 (e} e} 17 & gy 1
Exam. § a{r} comm, Fxam. 5 2() COmENL. Exam. 3 ={(r} COWm .

r{A) Sample Hart Sample r(A) Sample Hart Sample r(A) Sample Hart Samaple

-]

4.00 0.596% 0.8578 (.4628 4.25 177697 1.5931 12277 4.50 13316 1.5435 1.5343

-~

il

4.01 0.5745 0.8137 0.4675 426 17822 1.6012 12732 4.51 1.3444 1.5779 1.5233

4.02 1.5545 0.7726 (.4743 4.27 17839 1.5993 1.3172 4.52 13572 1.6084 1.5131

4.03 0.5414 0.7365 0.4331 4.28 1.7754 1.5881 1.3593 4.53 1.3602 1.6332 1.5041

4.04 0.5366 0.7073 (.493% 4.29 1.7578 1.5688 1.3991 4.54 £.3801 1.6513 1.4963

4.05 0.5413 0.6866 05070 430 1.7323 1.5427 14362 4.55 1.3895 1.6618 1.4908

B
@
A
>
Vi
N
=
¢
<
=
e
L
~3
-
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=
B
%)
=
=)
<
-
—
Ui
-
—_
=~
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I
~3
>
K
.
in
oy
-

1.3972 1.6644 1.4880

4.07 0.5819 (.6755 .5462 432 1.6628 1.4765 1.5013 4.57 1.4030 1.6587 1.4833

4.08 0.6186 0.6865 (.5606 4.33 1.6218 1.439¢9 1.5288 4.58 1.4070 i.6449 1.4824

4.09 0.6661 0.7690 (.5835 4.34 1.5785 1.4033 1.5527 4.59 1.4094 1.6234 1.4831

4.10 0.7237 0.7426 (.6090 4.35 1.5353 1.3686 1.5728 4.60

[

4104 1.5948 1.4854

4.11 0.7906 0.7866 0.6370 436 1.4927 1.3372 1.5854 4.61

et

4104 1.5602 1.4892

4.12 (.8656 0.8401 0.6677 4.37 1.4522 1.3107 1.6021 4.62 1.4097 1.5206 1.4943

4.13 0.9471 0.9615 07008 438 14149 1.2803 1.6112 4.63 .4088 1.4775 1.5087

4.14 1.0334 0.9694 0.7364 4.39 1.3818 1.2765 1.6169 4.64 .4082 1.4322 1.5080

-

4.15 11227 1.0418 07742 440 1.3535% 1.2710 1.6192 4.63 1.4081 1.3862 1.5160

4.16 1.2128 11166 0.8142 4.41 1.3304 1.2731

et

6185 4.66 14061 1.3411 1.5246

-

4.17 13018 1.1919 (.8562 4.42 13128 1.2828 1.6152 4.67 1.4113 1.2983 1.5334

4.18 1.3877 1.2655 (.8998 4.43 1.360 1.3062 1.6094 4.68 1.4151 1.2503 1.5422

4.19 1.4685 1.3355 (.9450 4.44 1.2637 1.3242 1.6016 4.6% 1.4205 £.2251 1.5508
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1.5666
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N
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1.4262 1.5706 4.72 1.4466 1.1609 1.5733

423 1.7116 1.5454 1.1336

N
T
ey

1.3085 1.4655 1.5580 4.73 14580 1.1546 1.578%

4.24 1.7459 1.5745 1.1810 4.49 1.3193 1.5050 1.53460 4.74 1.4702 1.1545 1.5834
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Table 5 - Chromiwm(iii) 2- Table 5 - Chromium(iil) 2~ Table 5 — Chromimm{§i) 2-
ethylhexanoate g(r) data points ethyihexanoate g{r) data poiuts ethyihexanoate g(v) data poinis

B0 2y 1 (e} e} 17 & gy 1
Exam. § a{r} comm, Fxam. 5 2() COmENL. Exam. 3 ={(r} COWm .

r{A) Sample Hart Sample r(A) Sample Hart Sample r(A) Sample Hart Samaple

4.75 14828 1.1622 1.5867 5.00 1.4053 1.2061 1.3866 528 14149 1.3627 12279
4.76 1.4957 1.1765 1.5886 5.01 1.4054 1.1823 13794 526 14127 13511 1.2203

N
~3
~1
.
ih
<
=
=]
-
)
o
n
—

5890 5.02 1.4070 1.1627 1.3728 5.27 14116 1.3381 1.2126

4.78 1.51%4 2213 1.5880 5.03 14103 1.1478 1.3666 5.28 14115 1.3243 1.2049
4.79 1.5295 .2408 1.5855 5.04 14148 1.138% 1.3607 5.2% 14126 1.3104 1.1972
4.80 1.5379 1.2807 15816 5.08 1.4202 11338 13582 5.30 1.4147 1.2972 1.1895
4.81 1.5443 13126 1.5763 5.06 1.4263 1.1348 1.3498 5.31 14176 1.2853 1.1818

4.82 1.5484 1.3442 1.5698 5.07 1.4325 1.1410 1.3445 532 1.4213 1.2754 1.1740

4.83 1.5500 1.3743 1.5621 5.08 1.4387 1.151¢0 £.3303 533 1.4256 1.2679 1.1662
4.84 1.5400 1.4015 1.5533 5.09 1.4444 1.1671% £.3341 534 1.4303 £.2631 1.1583
483 1.5456 1.4249 1.5437 510 1.4494 1.1858 1.3288 538 14351 1.2613 11504
4.86 1.5397 1.4436 1.5332 5.1 1.4534 1.2071 1.3234 5.36 14399 1.2825 1.1424
4.87 1.5317 1.4567 1.5222 5.12 1.4562 1.2303 1.3178 5.37 4445 1.2667 1.1344
4.88 1.5218 i.4639 1.5147 513 14578 1.2543 1.3120 5.38 1.4486 1.2736 1.1264
4.89 1.5105 4649 1.4690 5,14 1.4580 1.2783 1.3059 5.3% 14523 1.2828 1.1184
4.90 14988 1.4565 1.4871 5.18 1.4569 1.3013 1.2997 5.40 14552 1.2939 1.1103
491 1.4849 1.4484 1.4753 5.16 1.4547 1.3223 1.2932 5.41 14575 1.3063 1.1023
492 14716 1.4317 1.46306 5.17 1.4514 1.3412 1.2865 5.42 1.4560 1.3193 1.0843
4.93 14586 1.4101 1.4523 5.18 1.4472 1.3568 1.2796 543 1.4568 1.3323 1.0863

4.94 1.4464 1.3845 1.4413 5.19 1.4424 1.3689 1.2726 5.44 1.4600 1.3444 1.0784

495 14352 1.3559 14387 520 14372 1.3771% 1.2654 545 14594 1.3551 1.0706
4.96 14256 1.3253 1.4207 521 14319 1.3814 12583 5.46 1.4583 13637 10628
4.97 1.4176 2940 1.4113 522 1.4268 1.3818 1.2506 5.47 14568 1.3695 1.0552
4.98 14116 1.2629 1.4025 523 1.4221% 1.3786 1.2431 5.48 14549 1.3722 1.0476

4.99 1.4075 £.2333 1.3642 524 14181 1.3720 1.2355 5.45 14527 1.3713 1.0401



WO 2013/089963 PCT/US2012/065289

210951PCTY

Table 5 - Chromiwm(iii) 2- Table 5 - Chromium(iil) 2~ Table 5 — Chromimm{§i) 2-
ethylhexanoate g(r) data points ethyihexanoate g{r) data poiuts ethyihexanoate g(v) data poinis

B0 2y 1 (e} e} 17 & gy 1
Exam. § a{r} comm, Fxam. 5 2() COmENL. Exam. 3 ={(r} COWm .

r{A) Sample Hart Sample r(A) Sample Hart Sample r(A) Sample Hart Samaple

5.50 14503 1.3667 1.0327 5.67 1.2848 1.47708 0.8976 5.84 0.9277 1.1381 3.9668
5.51 1.4476 1.3583 1.0252 5.68 12717 1.0712 0.8913 5.85 0.9231 11191 0.9795
5.52 1.4448 1.3462 1.0178 5.69 1.2470 1.0753 (1.8859 5.86 0.9210 1.0976 3.9918
553 1.4418 £.3305 1.0103 570 1.2210 1.0825 0.8815 5.87 0.9211 1.0722 1.0033
5.54 1.4384 13117 1.0027 571 1.1941 1.0922 0.8784 5.88 0.9232 1.0455 1.0137
5.58 14346 1.2903 3.9950 572 1.1665 1.1037 0.3767 5.8% 0.9270 1.0176 1.0228
5.56 1.4303 1.2668 (3.9872 5.73 1.1387 11163 0.8764 5.80 0.9322 0.58693 1.0306
5.57 14253 1.2426 $4.9792 5.74 11112 1.1296 0.8777 591 0.9384 0.9613 1.0385
5.58 £.4103 1.2165 0.9711 5775 1.0843 1.1424 0.8806 592 0.9453 0.9346 1.0406
5.5% 14122 1.1911 (.9628 576 1.0584 1.1540 0.8851 593 0.9525 0.9008 1.0428
5.60 1.4038 11667 (.9543 577 1.0340 1.1638 0.8913 594 0.9599 0.8877 1.0430
5.61 13938 1.1438 0.9458 578 10113 1.1710 0.898% 595 0.9670 0.5689 1.0413
5.62 3822 1233 $0.9372 5.79 $4.991 1.175% 0.9079 5.96 0.9736 (.8539 1.0378
5.63 1.3686 1056 (.9287 5.80 (.9730 1.1756 0.9182 597 0.9796 0.8431 1.0327
5.64 1.3532 1.0912 04.9203 5.81 (.9576 1.1722 0.9295 598 0.9848 0.8368 1.0262
5.65 13357 1.0805 09123 582 (.9446 1.164% 0.9415 5.99 0.9892 0.8350 1.0186

5.66 13182 1.0736 0.9046 5.83 $.9349 1.1534 0.9541 6.00 0.9925 0.8377 1.0102
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[6386] A vacoum phase mononuciear chromum{1il) acetate model was constructed heonstically based
on the strong correlations in the experimental radial distribution function of the chromiom{1i) 2-ethyl
hexanoate produced according to Example 5. The mitial mononuclear chromium(lil) acetate structure
was buiit using a reasonable chromiun-oxygen bond distance obtained from the bigh-energy Xoray
diffraction of the chromum(HI) 2-cthythexanoate sample produced by the method 10 Example 5 and the
carbon-oxygen, carbon-carbon, and carbon-hydrogen bond distances of the acetate anion published in
Nature 208, 694 - 695 (13 February 1965). It should be noted that all three high energy X-ray diffraction
analyzed chromiura(lll} Z-cthyibexancate corapasitions provide nearly the same chronumn-oxygen bond
distance (within 0.05 of an Angstrom). Consequently, without being limited to theory, i was believed
that this was a good putial starting point for the chromum-oxygen bond distance on which to construct a
gas phase mononuciear chromivm{1il) acetate model. The mitial model was then optimized using
SemiChem/GaussView (version 3.0) by varying the chronmuum-oxygen bond distance and the oxygen-
chromium-oxygen-carbon dihedral angle while nmposing D3, symuroesry on the 10 central atorns, Table 6
provides the atomic coordinates of the optimized chromum(i) acetate model obtained from

SermChem/GaussView.

Table & — Atomic Coordinates for an Optimized Chronwum(l]) Acetate Model

Atom X Y Z

Cr 0 ¢ ¢

Cl 1.843475 -0.40852 -1.43058
01 0.7385%5 ~1.038¥81 ~1.567619
32 1.90289 0.461636 -3.494039
C2 3.026757 -0.697968 -2.303537
H1 3.586188 0.221029 ~2.459448
H2 2.70492 -1.158746 -3.2392¢7
H3 36887186 -1.395002 -1.777323
03 -0.772555 1.631901 -3.809192
04 -0.481341 1.51189% 1249048
C4 -1.400219 3.584765 0.384991
C3 -0.872192 2.190556 0.236797

H4 -1.932477 3891686 -(3.511821
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HS -2.054935 3.640368 1.263653
He6 -0.55862 4266351 0.559197
05 (.288007 -1.521043 1.29563
a6 -1.664703 -1.059059 .43961
Cs -0.959016 ~1.79628 1.210803
Ceé -1.568434 -2.91258% 2.003767
H7 -2.492313 -3.252317 1.531746
H& -1.803373 -2.543365 3.008177
HY -0.856348 -3.73518%8 2102561

{33871 PDFFu as iowplemented 1n PDFgui was then used to then calculate the pair distribution
functions of the optimized mononuclear chrominm(HE) model (Proffen, T.; Billinge, 5. 1. L. I. Appl.
Crystallogr. 1999, 32, §72--875). Table 7 provides the calculated high energy Xoray diffraction d{r} data
pomnts for the optimized chrominm(t} acetate model. 1t should be noted that the utilized procedure
generates a radial distribution function, d(v), and it is the d{r) data points that are presented in Table 7. To
compare the calculated high energy X-ray diffraction d(r) data of the optimized mononuclear
chromium{{il) acetate model to high energy X-ray diffraction g{r) data of a chromium carboxylate
saniple, the d(r) data points must to converted to gr) data. The relationship between high energy X-ray
diffraction d{r) data geoerated by PDFgut and high energy X-ray diffraction g(c} data points s

gry={dry/{da¥*r* pop) + 1.
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Table 7 -
Chrominm{{I)
Acetate Model
d(r} data poisnts.

Table 7 -
Chrombumn(Iil

Acetate Model

Ay} data pointds.

Table 7 -
Chromiura({iD
Acetate Model

d{r) data poinis.

PCT/US2012/065289

Table 7 -
Chrominm{ D)
Acetate Model
d(r} data points,

Table 7 -
Chrominm(ii)
Acetate Model
Ay} data points.

¥ ity
(A Cr(0Ae)

r d{r}

(&)  CrOAe)

¥ d{r}
(&)  Cr(DAch

¥ d{r)
(A  Cr{DAck

¥ d{r}
{A)  Cr{i0Aeh

100 0.5453

1.01 O

i

422

1.02 $.5399

1.63 0.5410

104 0.5472

105 0.5602

1.06 0.5804

1.67 0.6076

1.08 (.6408

109 0.6779

1.10 0.716

(8]

11t 8.7525

1iz 0.7828

13 0.8031

P14 0.8097

1.15 0.7992

116 $.7688

1.19 0.5471

1.20 04326

1.21 $.3030

1.22 0.1634

1.23 0.6203

1.30 -0.40635

1.31 -0.2978

132 -0.1335

1.33 0.0860

1.34 0.3580

1.35 0.6774

1.44 4.0350

1.435 4.2496

1.46 43988

147 44791

1.44 44897

1.49 44324

1.50 43115

1.51 4.1335

1.52 3.8069

1.61 1.3458

1.62 11510

1.63 0.9880

1.4 (.8483

1.65 0.7338

1.66 0.6373

1.67 (.5531

1.68 ($.4753

1.69 0.3984

170 0.3181

71 0.2311

1.72 0.1362

J—
|
W

(.0340

174 00726

175 -0.1785

176 -0.2768

-

77 03587

178 -0.4140

179 04318

138G -0.4009

1.81 -0.3107
182 -0.1514

1.83 0.0847

1.84 0.4032

1.85 (.8068

1.86 1.2950

1.87 1.8637

1.58 2.5053

1.89 3.2093

190 39610

191 4.7434

1392 55374

1.97 89459

1.98 9.3763

199 3.6860

2.00 98656

2.01 9.9099

2.02 98180

203 B.5935

204 3.2438
205 87805

207 7.5755

208 68712

2.09 6.1266
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Table 7 -
Chrominm{{I)
Acetate Model
d(r} data poisnts.

Table 7 -
Chrombumn(Iil

Acetate Model

Ay} data pointds.
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Table 7 -
Chromiura({iD
Acetate Model

d{r) data poinis.

PCT/US2012/065289

Table 7 -
Chrominm{ D)
Acetate Model
d(r} data points,

Table 7 -
Chrominm(ii)
Acetate Model
Ay} data points.

¥ ity
(A Cr(0Ae)

r d{r}

(&)  CrOAe)

¥ d{r}
(&)  Cr(DAch

¥ d{r)
(A  Cr{0Ae)

¥ d{r}
{A)  Cr{i0Aeh

210 5.3630

211 4.6014

212 3.8614

213 3.1619

2.14 2.5174

2.15 1.9409

216 14416

2.18 0.6952

2.19 0.4499

2.20 0.2860

221 81971

222 0.1749

2.23 0.2097

2.27 0.6990

2.28 0.8569

2.29 10116

2.32 1.4062

2.33 1.50G65

2.41 1.9958

243 2.1442
2.44 2.2315
2.45 13264

2.48 2.6311

2.49 27284

2.50 28175

252 29571

2.53 3.0020

2.54 3.027¢6

2.59 2.8622

2.60 27799

2.63 24808

2.04 23731

2.65 2.2654

2.66 2.1594

.67 20563

2.608 1.9569

2.69 1.8611

2.70 1.7688

271 1.6794

272 1.5922

2.73 1.5065

b
N

1.4218

2.75 1.3379

278 1.0972

279 1.0256

2.80¢ 0.9622

2.81 0.9102

2.82 0.8730

2.83 (.8541

2.84 0.8569

2.85 (.8843

2.86 0.9389

2.87 1.0222

2.88 1.1346

2.89 1.2757

2.90 1.4433

291 1.6342

292 1.8438

293 2.0664

294 2.2953

295 2.5227

196 2.7409

297 29416

298 31168

2.99 3.2592

3.00 3.3622

3.04 3.29%0

305 3.1585

306 29720

307 2.7446

3.08 24828

309 2.1944

10 1.3830

[¥9]

3.0 1.5728
3.12 1.2581
3.13 0.9330

3.14 0.6660

3.15 0.4047
306 01754

317 -0.0168

318 01686

A% 02782

[¥9]
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Table 7 -
Chrominm{{I)
Acetate Model
d(r} data poisnts.

Table 7 -
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Acetate Model

Ay} data pointds.
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Table 7 -
Chromiura({iD
Acetate Model

d{r) data poinis.
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Table 7 -
Chrominm{ D)
Acetate Model
d(r} data points,

Table 7 -
Chrominm(ii)
Acetate Model
Ay} data points.

¥ ity
(A Cr(0Ae)

r d{r}

(&)  CrOAe)

¥ d{r}
(&)  Cr(DAch

¥ d{r)
(A  Cr{0Ae)

¥ d{r}
{A)  Cr{i0Aeh

3.20 -0.3456

3.21 -0.3721

322 03606

323 03149

324 -0.2400

3.25 -0.1415

326 -0.0251

327 $6.1032

328 (.2378

3.29 0.3733

339 0.5058

331 0.6310

3.32 0.7464

3.33 0.8500

3.34 0.9409

335 1.0190

336 1.0848

337 1.1392

3.38 1.1838

339 1.2200

2 1.2926

3.45 13270
3.46 1.3294
3.47 13257

52
W
——
pu—

1.2207

3.52 1.1653

3.62 0.1060

3.63 0.0049

364 00826

365 01543

3.66  -0.2089

3.67 02452

368 02633

369 02641

370 -0.2493

372 01823

373 -3.1361

374 -0.0850

3.75 -0.0350

376 0.0138

377 0.0580

378 0.0958

3.79 0.1261

3.85 0.2041

3.86 0.224¢6

3.87 0.2571

351 0.5734

392 0.7094

393 (3.8688

354 1.0499

3895 1.2498

3.96 1.4643

397 1.6885

398 19166

399 2.1422

4.00 2.3588

4.01 2.5597

4.02 2.7387

4.03 2.8901

4.04 3.0090

4.05 3.0916

4.06 31355

4.67 3.1392

408 31031

4.09 3.0286

410 29184

4.11 2.

~J

766

4.12 2.6079

4.13 24179

4.14 2.2126

415 1.9924

4.16 i

~

814

4.17 1.5674

4.18 1.3618

419 L1692

420 0.9932

421 0.8366

4.22 0.7012

423 0.5878

424 0.4961

4.25 (.4253

426 0.3738

429 03113

4.3¢ 0.3126

431 (.3207



WO 2013/089963

219951 PCY

Table 7 -
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d(r} data poisnts.

Table 7 -
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Ay} data pointds.

Table 7 -
Chromiura({iD
Acetate Model

d{r) data poinis.
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Table 7 -
Chrominm{ D)
Acetate Model
d(r} data points,

Table 7 -
Chrominm(ii)
Acetate Model
Ay} data points.

¥ ity
(A Cr(0Ae)

r d{r}

(&)  CrOAe)

¥ d{r}
(&)  Cr(DAch

¥ d{r)
(A  Cr{0Ae)

¥ d{r}
{A)  Cr{i0Aeh

432 $.3335

433 0.3492

4.34 0.3664

433 $.3843

436 0.4024

437 0.4206

438 $.4391

439 0.4584

4.40 0.4790

441 8.5015

442 0.5261

443 0.5531

4.44 0.5824

4.45 0.6134

4496 0.6455

447 0.6775

448 0.7081

4.4% 0.7356

4.50 0.7586

4.57 0.6877

4.58 0.6417

4.59 0.5900

4.60 0.5349

4.61 0.4792

4.62 0.4257

4.63 0.3776

4.64 03376

4.65 0.3084

4.67 (.2909

4.6% 0.3053

4.69 0.

356

(>

4.70 03812

471 $.4408

4.73 0.5927

474 0.6789

475 0.7670

4.76 (.8531

4.77 0.9330

4.80 1.1004

4.81 1.1223

4.82 1.1242
4.83 £.1055
4.84 1.0664
4.85 1.0082
4.86 09327
4.87 0.8425
4.88 0.7411
4.89 0.6319
490 0.5189
4.91 0.4059
492 05,2967
493 0.1948
4.94 0.1030
495 0.0237
496  -0.0414
497 00913
495 01261
499 014680
500 -0.1524
5.01 -(1.1470
502 -0.131¢9
503 01065
504 -0.0824
505 -0.0331

506 -0.0239

507 (3.0030

5.08 0.0261

3.09 0.0440

516 (3.03561

5.1 0.0621

512 0.0623

4
W2

(3.0574

5.14 0.0483

515 0.0364

516 (3.0230

547 0.009¢6

518 -0.0026

519 00123

520 00193

5.21 -.0220

522 -0.0210

523 -0.0162

524 -0.0082

5.25 0.0021

5.26 0.0137

5.27 0.0255

528 0.0362

5.29 0.0447

530 0.0500

5.31 0.0514

532 0.0486

533 0.0414

534 0.6303

535 0.0160

536 -0.0002

537 -0.0170

538 00325

539 -(.0449

540 -0.0524

541 -0.053]

542 -0.0455

543 -0.0282

544 -0.0003

543 0.0387

546 0.0886

547 0.1488

548 02184

549 0.2957

L
L4

0.3787

551 (0.4652

5.52 0.5528

553 0.6388

5.54 0.7207

555 0.7963

556 0.8635
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Table 7 - Table 7 -
Chrominm{{I) Chrombumn(Iil
Acetate Model Acetate Model
#{r) data points. Ay} data pointds.

¥ a{0) Y a(r}
{A)  Cr{DAck (A  Ce(Gach
5.57 0.9207 582 0.6065
5.58 0.9666 5.83 0.5739
3.59 1.0003 5.84 0.5356
5.60 1.0223 5.85 04916
5.61 1.0322 5.86 0.4427
5.62 1.0313 5.87 03900
5.63 1.0205 5.88 0.334¢6
5.64 1.0017 5.89 0.2783
5.65 $.9764 5.9 0.2227
5.66 0.9468 591 0.1695
5.67 0.9145 592 0.1204
5.68 G.8816 583 0.077
5.69 0.8495 594 0.0407
570 0.8196 595 0.0123
571 $6.7927 586 00076
5.72 0.7695 597 -0.0187
573 0.7499 598  -0.0214
574 $.7338 589 00164
5.75 0.7204 600 -0.0046

576 0.7087

577 0.6977

578 0.0859

579 0.6720

5.80 0.6548

5.81 (.6333
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{6388] The high encrgy Xeray diffraction g{r) data points of the chromum(IH} 2-cthylhexanoate
composition prepared according to the procedure of Example S, the Hart chromiuym(HI) 2-ethythexanoate
composition, and the first commercially available chrommm(Il) 2-ethyihexanoate composition were
coropared to the calculated high energy X-ray diffraction data points of the monosuciear chrooinm(l)
acetate model to determine how well these chromuum(Iil) 2-cthyihexancate compositions compared to a
mononuclear chromium(H1} 2-cthythexanoate via a model of a monomiclear chromium(T) acetate. The
comparisons were performed by separately optimizing the fit between each chronium(ill)
2-cthylhexanocate composition and the chromimm(il) acetate model over the desired range of r values and
calculating the goodness of fit test value, RZ, via the equation R =1- {SSur/ 384 for the same range of

r as described herein.

16389]  Each optimization it was performed by 1) converting the caloulated high energy X-ray
diffraction d{rjdata points for the mononuclear chromium{Iil) acetate model to calculated high energy
X-ray diffraction g(r)data potots for the mononuclear chromium(Iil} acetate model and scaling the
calculated high energy Xoray diffraction g{ridata points to the high energy X-ray diffraction data points of

the chromum{1l) 2-cthythexanoate composition using the equation

-

oty ={{dx) / (Ar * v ¥ po)) + 1) * fac) + C) and 2} nuninuzing the sum of the squared differences

between the calculated high energy X-ray diffraction g{r) data points for the mosomuclear chromum(IIE)
acetate model and the high energy X-ray diffraction g(r) data points of the chromiam(1i)
2-ethylhexanoate composition using rho, fac, and C as scaling and optimization variables onder the
constraint that the scaled and optimized calculated high energy X-ray diffraction g(r) data point for the
mononuciear chromiumy(1) acetate model g(v) data point at v = 1.79 Angstroms 1s equal to 0. Within this
procedure, gley = (e} / (4 * r * po)) converts the radial distribution d{r} data points of the optumized
monoaucicar chromium(ti) acetate model presented Table 6 to g{r) data points which can be compared to
the high energy X-ray diffraction g{r) data points obtained by experiment for the tested chromnum(lif}
2-ethylhexanocate compositions, and fac and C are scaling factors fo allow for an optimum fit between the
calculated high energy Xoray diffraction data poinds of the mononuciear chromium{tli) acetate model to
the high encrgy X-ray diffraction data ponts of the chromiom(IlD 2-ethylhexanoate compositions. The
optimization operations were performed using the Solver function within the Microsoft® Excel
spreadsheet program but can be performed using other programs capable of solving for the minimom sum
of squared differences using po, fac, and C as variables in the scaling function under a consiraint that the
monanuciear chroowum{tl) acetate model g(r) data pount {resulting from the scaling operation) at

r=1.79 Angstroms equals (.
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The following procedure provides the steps utilized to create the Microsoft” Excel worksheet to

optinnize the fit between the high energy X-ray diffraction g{r) data points of the chromuum{{il)

2-ethylhexanocate composition of Example 5 and the calculated high energy X-ray diffraction d{r) data

points of the chromium(Iil} acetate model over an ¢ value range of 1.3 to 4.0. Within a clean Microsoft®

Excel worksheet:

wn

The values of 1 from 1.00 to 6.00 separated by the mterval of .01 were placed into cells A10-
AS10 in ascending order.

The corresponding values of d(r) for cach ¢ value of the caloulated bhigh energy ¥X-ray diffraction
d{r} data points of the chromium{lil) acetate model from Table 7 were placed 1nto cells B10-
BS510.

The corresponding values of g(r) for each r value of the high energy X-ray diffraction g(r) data
points of the chromium 2-ethylhexanoate sample of Example 5 were placed in cells C10-C510.
A noun-zero ioitial guess for pg, a non-zero vutial guess for the optivuzation constant fac, and an
imitial guess for the optumization constant C were placed in cells T4, DS, and D4, respectively.
The formuda =(($BIO(4*PIOFSALIGHSDSAN+ 1) * S5 MEDS6 was placed into cell D10 and then
referentially copied into celis D11-D510 (i.e. when referentially copied, the formmula 1o D510 was
=({($BS1G/H4*PIO*SASTO*SDS4 )+ 1 P S DS)+EDS6).

The formula =SUM(E10:E51{) was placed into cell EE.

The formula = (C40-D40Y2 was placed in cell B4Gand referentially copied mto colls E41-E310
(1.¢., when referentially copicd, the formula in E310 was = (C310-D3103°2) and ensuring that
cells E10-E39 and E311-E510 were blank.

The optimization between the bigh energy X-ray diffraction g{r) data pomts of the chroouum{lil)
2-gthylhexanoate composition of Example S and the calculated high energy Xeray diffraction d{r)
data pomnts of the chromium(Ifl} acetate model was then performed by:

a. Opening the Solver routine in Microsoft™ Hxcel;

b. Iaputting E¥ the Sclver routine box labeled “Set Target Cell™;

Selecting the target cell to equal to a miniroum valug;

d. Inputting cells D4,D3, and D6 (8D§4:8D§6) into the Solver routine box labeled *“By

o

Changing Celis™;

¢. Inputting the constraint that cell $D$89=0 into the Solver routine box labeled “Subject to the
Constraints”;

f.  Chcking the solve box and then clicking the OK button if Solver routine successtully

converged to a solution (while ensuring that the keep solution radio button was selected).
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It should be noted that these steps created a worksheet that includes data points and vtihize general
formulas, relational formulas, and procedures that can allow the worksheet to be adapted to optimizing
the fit between the high energy X-ray diffraction g{v) data points of the chromium{11l) 2-ethylhexanoate
coroposition of Example 5 and the calculated high energy ¥X-ray diffraction d{r) data points of the

chrormum(I1) acetate model over other r values ranges.

{6381] When performung the procedure to optimuze the fit between the high energy X-ray diffraction
g{r}) data points of the chromium(il) 2-ethylhexanoate composition of Exaniple S and the calculated high
energy X-tay diffraction d{c} data poiots of the chroouum{lil) acetate model and utthzing mitiaf values of
po = 0.1, fac = 0.1, and C = 0, the Solver routine converged o a solution having p, = 0.01061, fac = §.1410,
and C = (.1266 {rounded to four decimal places), and a minimized sum of the squared differences
between the caiculated high energy X-ray diffraction g(r) data points for the mononuaclear chromum{lif)
acetate model and the high energy X-ray diffraction gi(r) data points of the chromium(11])
Z-ethylhexanoate composition of Example 5 equal to 136.5487 (rounded to four decumal places). It
should be noted that there can be multiple converge solutions for the values of py, fac, and C which can
provide the same mininuized sum of the squared differences between the calcolated high energy X-ray
diffraction g{r) data points for the mononuclear chromuum(Iil) acetate model and the high encrgy ¥X-ray
dufraction g{r) data poinds of the chromum(l} 2-ethvibexanoate composition. Often the difference in
the converged values of po, fac, and C can be the selection of the nitial values for pg, fac, and C. For
example, a minimized sum of the squared differences between the caloulated high energy Xoray
diffraction g{r) data points for the mononuclear chromism(l) acetate model and the high energy X-ray
diffraction g{r} data poiots of the chromium(lll) 2-ethylhexanoate composition of Example 5 of 136.5487
{rounded to four decirual places) can be obtained utdizing 1ottial values of po=10.1, fac=0.1,20d C =01
(which converge to provide values of to a solation having pe = 0.0203, fac = 0.2828, and C = -(152,
rovnded to foar decimal places) or utilizing imtial values of py= 0.2, fac = 0.2, and C = 0 {which
converge to provide values of to a solution having pe = 0.0230, fac = 0.3207, and € = -0.0531, rounded to
four decimal places). Consequently, the wutial values of po, fac, and C, and the converged values of p,
fac, and C are not particularly tmportant as long as the true mininized sum of the squared differences
between the calculated high energy X-ray ditfraction g(r) data points for the mononuciear chromium({i)
acetate model and the ligh energy Xeray diffraction g(v) data points of the chromium(IH)
2-ethvlhexanocate composition s obtained.

#3921 The goodness of fit test value was then calculated by applying the equation

R =1 - (88, / 88, where 8§, = }:”{"’F ) {comp g{r) - model g{r})? and

r{int)

~T{Fin et N . L. .
SSi: = Yoo m)( comp g(r) - mean of model g(r})?* where r(int} is the mitial r value of g{r) over which

r{int}
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the goodness of fit is to be calculates and {fin) is the final ¢ value of g(r) over which the goodness of fit is
to be calculated. Generally, the goodness of it test can be apphied over the same range of r values as the
optimization between the chromium(i) carboxylate composition and the chromuuwm(ll) acetate model.
However, in some mstanoes, i1t can be desirable to perform the goodness of it test over a subset of the v
values over which optimization between the chrominm({IH} carboxylate composition and the

chromium{Hl} acetate model was performed.

{8393]  The following procedure provides the steps utilized to extend the Microsoft™ Excel worksheet
utthized to optimize the fit between the bigh energy X-ray diffraction g{r) data poings of the chromuurn(}
2-ethvihexanoate composition of Exarople 5 and the calounlated high energy Xeray diffraction d{r) data
points of the chromium(IH} acetate model over an r vahue range 6f 1.3 to 4.0 to inchude the formulas to
caleulate the goodness of fit test vatue, R, between the optimized fit between the high energy X-ray
diffraction g{r} data points of the chromium(l1l) 2-ethylbexanoate composition of Example 5 and the
calculated high energy Xoray diffraction d(r) data points of the chrommum{IIl) acetate model over an ¢
value range of 1.3 to 4.0. The procedure builds upon the Microsoft® Excel worksheet utilized to optimize
the fit between the high energy X-ray diffraction g(r} data points of the chromum{(Ifl) 2-ethythexanoate
composition of Example 5 and the calculated high energy X-ray diffraction d(r) data points of the
chromuum{Ii}) acetate model over an r value range of 1.3 to0 4.0. It should be noted the steps to create the
worksheet include data points and utilize general formulas, relational forraulas, and procedures to allow
the worksheet to be easily adapted to calculate the goodness of it between the optimized fit between the
high energy X-ray diffraction g{r) data points of the chrommum{ill) 2-ethylhexanoate composition of
Example 5 and the calculated high energy X-ray diffraction d(r) data points of the chrommum{Ill} acetate

model over other r values ranges.

[§394]  Within the Microsoft® Excel worksheet that was created to optimize the fit between the high
energy X-ray ditfraction g{r) data points of the chromum{ll} 2-cthylhexanoate composition of Example
5 and the calculated high energy X-ray diffraction d(r) data points of the chromium(li]) acetate model

over an 1 value range of 1.3 10 4.4

1. The foromla =SUM(FI(:F510) was place into cell FE,

2. The number | into cells F40 toF310 (the cells corresponding the 1 value range over which the
goodness of fit is to be calculated — all other cells over the range of F10 to F510 are blank).

3. The forowla =SUM(G10:G510) was placed into celi GX,

4. The formula = (C40-D40Y"2 was placed into cell G40 and was then referentially copied wto
cellsG41 - G310 (1.e. when referentially copied, the formula in G310 was =( C310-D316)"2).

i

The foromla =SUM(H10:H510) was placed mto cell HS.
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6. The formula =C130 was placed into cell H40 and was then referentially copied into celis
H41i - H310 (1.e. when referentially copied, the formula in H3 10was =C310).

7. The formula = SUM{110:1510) was placed into cell I8,

%, The forgwla = (H40-(H$S/FE8)YY2 was placed into cell 140 and was then referentially copied into
cells 141 - 1310 {i.c. when referentially copied, the formula in I310 was =({ H310-{(HS8/FSE831y° 2}

9. The formula =1-(G8/18} was placed into cell 14 and provides the goodncss of {it test valye.

1t should be noted that these steps created a worksheet that includes data pomnts and utilize general
formulas, relational fornmulas, and procedures that would aliow the worksheet to be adapted to calounlating
the goodness of it test value between the optimuized fit between the high energy Xeray diffraction g(r)
data points of the chromivm(ill) 2-ethylhexanoate composition of Example 5 and the caloulated hagh
energy X-ray diffraction d{r) data points of the chromiuny(1ll) acetate model over other r values ranges by

selecting the appropriate cell references and fornuilas.

[#385] Table 8 provides the goodness of it test values for comparing the bigh energy X-ray diffraction
g{r) data points of the chromium(ll} 2-ethythexanocate composition prepared according to the proceduore
of Example §, the high energy X-ray diffraction of the first commercially available chrommum(iil)
2-cthylhexanoate composition, and the Hart chromium(11) 2-ethylhexanocate composition to a caloulated
bigh energy ¥X-ray diffraction g{x) points of a mononuciear chromium(Ill} acetate model for varicus
ranges of r. In each mstance, the optimization was performed between the indicated chromum(HI)
2-ethylhexanocate and the calculated and high energy X-ray diffraction d{r} points of the monomuclear
chrovuum(lil) acetate model in Table 7 over the identical r value range as the v values for the goodness of
fit test values. Figures 1%, 19, and 20, provide plots comparing the bigh energy X-ray diffraction g{r) data
of the chromum(HI) 2-ethythexanoate composition prepare according to the procedure of Exaraple §, the
first commercially available chromium{lil} 2-ethylhexanocate composition, and an aquecus metathesis
produced sample of chromium(lil) acetate to the calculated high energy X-ray diffraction g(r) data of the
mononuclear chrommum(il) acetate mode! {optinuzed over the r value range of 1.3 to 4.0 Angstroms)
described herein. The goodness of it test values and FIGUREs 18, 19, and 20 show that the
chromivm{lil) 2-ethylhexancate composition prepared according to the procedure of Example 5 more
closely resembles a8 mononuclear chromivm{IH) carboxylate (via companison to a mononuclear
chromium{{i1) acetate mode!) than the first commercially available chromivm(E) 2-cthythexanoate

coroposition and the aqueous metathesis produced sample of chromium(Jil) acetate.
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Table 8 - Goodness of fit test values for comparisen of the high cnergy Xe-ray diffraction g(r) data
points of three the chromium{IH) 2 -ethyvihexanoate compasitions to a calculated high encrgy X-ray

iffraction gir) points of a monomuclear chroruivm(HI) acetate modet for varicus ranges of 1.

Chromivm T 1" Commercially Available
2-Ethyl-hexanoate Chromzium(IIF} 2-Ethyl- Hart Chrominm(Ii)
Composition of Example 5 hexanoate Composition 2-ethythexanoate
131030 0.761 0.585 0.570
1331 0.760 0.582 0.542
131032 0.757 0.517 0.531
1310633 0.758 0.365 0.506
131034 0.759 0.266 0.492
13353 0.760 0.256 0.501
131036 0.757 0.284 0.517
131037 0,749 0.326 0.538
131038 0.747 0.354 0.556
131039 0.746 0.371 0.559
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CLAIMS

We claim:

i.

A transition metal carboxylate composition produced by the process comprising:
contacting under substantially anhydrous and substantially acid-free conditions
1Y a transition metal precursor having the fornmla [((MB)lex[Lf)m]q[C‘"’}m] A" where

M is a transition metal in the +x oxidation state where x is an integer from +1 to +6;
cach X independently 1s an anionic ligand having charge v where v 1s an integer from
-3to-1;
cach L mndependently 1s a neutral ligand;
£ 15 anioteger from O to 7;

mis an nteger from -4 to 4;

m=(y*xi)+x*yly

C is a cationic species having a charge ¢ and ¢ is an integer from +1 to +3;

A 1s an amonic species having a charge a and a 15 an integer from -1 to -3;

whenm<O, m*g =c*mland m2=20;

when m =0, ml =0 and ma= 0; and

when m > 0, m * ¢ = |a ¥ m2} and ml =0,

2y aGroup | or Group 2 metal C5-Cos carboxylate, and

3y a first solvent
to form a transition metal carboxylate.
The composition of claim 1, wherein the transition metal precursor has the formula MPX,1, where
M? is a transition mactal in the x oxidation state and X is an integer from 1 to 6; cach X independently
is a monoanionic ligand; each L independently s a neutral ligand; and 7/ 1s an mnteger from 0o 7.
The composition of claim 1, wherein M7 is Ti, Zr, V, Nb, Cr, Mn, Fe, Co or Cu.
The composition of claim 1, wherein cach X independently is a halide, nitrate, sulfate, or phosphate
and cach L independently is a €,-Cyp ether, a $)-Cyp thioether, 3 C,-Cy nitrile, a C-Cy anune, a Cs-
Css phosphine, or any combination thereof.
The comupasition of claim 1, whersin the Group | or Group 2 metal carboxvlate has the formula
(I\/iA)q[(OzC}fR"”]S where M” is a Group 1 or Group 2 metal; (O,C),R™ is a $5-Css carboxylate where

ris an integer from 1 to 4 and R'* is a hydrocarbon group or a substituted hydrocarbon group; q is r
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divided by the greatest common divisor of r and the oxidation state of M*; and s is the oxidation
state of M* divided by the greatest common divisor of r and the oxidation state of M™,
6. The composition of claim 1, wherein the Group | or Group 2 metal carboxylate has the fornula

M*0,CR™ where M™ is a Group 1 metal, O,CR”™ is a C3-Cos monocarboxylate, and R is a

hydrocarbyl group or a substitited hvdrocarbyl group.

~3

The composition of claim 1, wherein the carboxylate of the transition metal carboxylate composition
. . [ . 7 -
comprises 8 monocarboxylate having a formula "0,CR™ wherein R is hydrocarbyl group ora

substiuted bydrocacby! group.

8. The composition of claim 1, wherein the transition metal precursor and Group 1 or Group 2 metal
carboxylate are contacted at a carboxylate group to transition metal equivaient ratio from 0.95:1 to

1.3:1.

9. The composition of claim 1, whergin the first solvent comprises a C,-Cy ether, a Co-Cyp thiocther, a

C.-Coq nitrile, a C-Cyo aming, a C5-Cop phosphine, or any combination thercof,

10. The composition of claim 1, wherein the transition metal precursor has a formula Co2GL, where
cach X independently is a halide,
gach L mdependently 1s a Cp-Cyp ether, a C;-Cyq thioether, a C)-Cs nitrile, a C-Cy amine, or a
C5-C5 phosphine, or any combination thereof, and

£ ranges from 0 to 7, and

the Group 1 or Group 2 metal carboxylate is a Group 1 metal Cs5-C,s monocarboxyiate,

il. The cooposition of clamm 10, wherein the carboxylate of the Group 1 metal carboxylate comprises a
propionate, a butyrate, a pentanoate, a hexanoate, a heptanoate, an octanoate, a nonanoate, a
decanoate, an undecancate, a dodecanoate, a tndecanoate, a tetradecanoate, a pentadecanoate, a

hexadecanoate, a heptadecanoate, an octadecanoste, or any combination thercof.

12. The comspasition of claim 10, wherein the carboxylate of the Group | metal carboxylate comprises 2-

sthylhexanoate.

Pt
o2

The composition of claim 18, wherein the transition metal precursor having the formula CrXsE; and
the Group 1 metal carboxylate are contacted at a Group 1 metal carboxylate to chromium molar ratio

from 3:1 to 3.6:1.

14. The composition of claim 10, wherein the first solvent compnses a C-Cyq ether, a C)-Cup thioether, 3

C-Coq nitrile, 8 1-Cye aming, or a Ci-Cp phosphine, or any combination thercof,
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15, The composition of clatm 10, further comprising evaporating the first solvent from the mixture to

provide the transition metal carboxylate composition.

16. The composition claim 15, further comprising purifying the transition metal carboxylate composition
by contacting the first transition metal carboxylate composition with a non-coordinating solvent to
form a solution, filtering the solution, and evaporating the non-coordinating solvent to provide a

purified transition metal carboxylate composition.

ey
~3

A chrommum(I11) carboxylate composition characterized as having a KBr peliet infrared spectrum
With @ Ugeym (C0,) peak infrared adsorption peak within 110 om” of the Vsym (COn) 1ofrared
adsorption peak and having an infrared absorbance peak height ratic of a vm (CO2) infrared
absorbance peak at 1516+ 15 eny' to infrarcd absorbance peak focated at 700 + 50 cm™ greater than

or equal to 3:1.

i8. The chronuum(ll}) carboxylate composition of claim 17, wheremn the KBr pellet infrared spectrum
has an infrared absorbance peak height ratio of an infrared absorbance peak at 1516 = 15 ¢m™ to an

infrared absorbance peak at 1429 + 15 cov' greater thas or equal to 01.5:1,

19, The chromium{lil) carboxylate composition of claim 17, wherem the KBr pellet infrared spectium
has an infrared absorbance peak height ratio of a vy (COL) infrared absorbance peak located at
1616+ 20cm toa Ugeym §COn) infrared absorbance peak at 1429 £ 15 e less than or equal to

(.8:1.

20. The chromivm{Il} carboxylate corposition of clarm 17, wherein the KBr pellet mfrared spectrum
has an infrared absorbance peak height ratio of a vy (COy) infrared absorbance peak located at
1429 +15cmitoa Uaeym (OO infrared absorbance peak at 1685 £ 20 e’ greater than or equal to

3.5:1.

21. The chromiam(ll}) carboxvlate composition of claim 17, wherein the carboxylate of chromium({1il)

carboxylate composition comprises a C; to Cys carboxylate,

22, The chromium{Hl) carboxylate composition of claim 17, wherein the carboxylate of chromium{Ili)
carboxylate composition comprises a propionate, a butyrate, a pentanoate, a hexanoate, a heptanoate,
an octanoate, a nonanoate, a decancate, an undecanoate, a dodecanoate, 4 tridecanoate, a
tetradecanoate, a pentadecancate, a hexadecanoate, a heptadecanoate, an octadecanoate, or any

combination thereof

)
(o8]

The chromium{({l) carboxylate composition of claim 17, wherein the carboxylate of chromitm{Ifl)

carboxylate composition comprises 2-ethyihexanoate.
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24, A chromium(IID) carboxylate composition having a goodness of fit test value, R?, of at least (1.6 when
comparing high-energy X-ray diffraction g{r) data pomnts of the chromien{il) carboxylate
composition to a calculated high energy X-ray diffraction g{r) data pomnts of a theoretical model of

mooomuciear chrommum(lE) acetate over an r range from 1.3 Angstroms fo 4 Angstroras.

25. The chromium(HE) carboxylate composition of claimn 24, wherein the goodness of fit test value

R*= 1 - (88.:/ SSi), where

1} 884 = the swmnmation of the squares of the residual between the high energy Xoray diffraction
g(t} data poiots of the chromium{Ill} carboxylate coropesition and the high energy X-ray
diffraction g(r) data points for the calculated high energy X-ray diffraction g{r) of a theoratical
model of mononaclear chromium (i} acetate over the range of 1.3 Angstroms to 4 Angstroms,
and

2} S5 s the surmmation of the squares of the differences between the high energy X-ray
diffraction glc} data points of the chroouum{lil) carboxylate composition and the mean of the
high energy X-ray diffraction g{r} data points of the chromium(l) carboxylate composition

over the range of 1.3 Angstroms to 4 Angstroms.

26. The chromum{il) carboxylate composition of claim 24, wherem the the goodness of it test value,
RY, is calculated using a optimized fit between the high-energy X-ray diffraction g{r} data poists of
the chromum(I} carboxylate composition and the calculated high energy X-ray diffraction g{r) data
ponts of a theoretical model of monomiclear chromium{(itl} acetate are optimized over the 1 range of
1.3 Angstroms to 4 Angstroms, the optimized being achieved by

1) converting calculated high energy X-ray diffraction d(r) data pounts for the theoretical model of
monoruciear chromam(IiE) acetate model to the high energy X-ray diffraction g{r) data points
and scaling the calculated high encrgy X-ray diffraction g{r) data points of the theoretical model
of the mononuclear chromium(lH} acetate model to the chronuum(1i} carboxvlate composition
over the rrange of 1.3 Angstroms to 4 Angstroms using the equation
ey = (({d{r) / {dm * po * o1y + 1) * fac) + C) where pg, fac, and C are scaling variables, by

2y rnimizing the sum of the squared differences between the caloulated high energy X-ray
diffraction gfr) data points for the mononuclear chromuom(iil) acetate mode] and the lugh
energy X-ray diffraction g{r) data pomnts of the chromium{lil) carboxvlate composition over the
v range of 1.3 Angstroros to 4 Angstroms using the scaling variables pg, fac, and C with the
constratnt calculated ugh energy Xeray diffraction g(r) data points of the theoretical model of

mononuclear chromamum(Jil) acetate at r = 1.79 Angstroms is equal to {1,
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27. The chromium(lil) carboxylate composition of claim 24, wherein the high-energy X-ray diffraction

gir} data pomts of the chromium({Hl) carboxylate composition and the calculated high energy Xeray
diffraction g{r) data points of a theoretical model of mononuclear chromuim{I1l) acetate pulized to

calculate the goodness of it test value are provided at mtervals of 0.01 Angstorms.

28. The chromium{{Il) carboxylate composition of claim 24, wheremn carboxylate of chromum(II1)

carboxylate composition comprises a Cs to Cos carboxylate,

29. The chromium(HI) carboxylate composition of claimn 24, wherein the carboxylate of chromium(I1)
carboxylate composition comprises a propionate, a butyrate, a pentanoate, a hexanoate, a heptanoate,
an octanoate, a nonanoate, a decancate, an undecanoate, a dodecanoate, a trnidecanoate, a
tetradecanoate, a pentadecanocate, a hoxadecanoste, a heptadecanoate, an octadecanoste, or any

combination thereof,

30. The chromum(Ii) carboxylate composition of claim 24, wherein the carboxylate of chromium(Iil)

carboxvlate composition comprises 2-cthythexanoate.

31. A process for preparing a transition metal carboxylate composition conprising:
contacting under substantially anbydrous and substantially acid-free conditions
1y atransition metal precursor having the formula [{ (1\/I8)y1XX1L,)m]q[{fjm [A"., where
M is a transition metal in the +x oxidation state where x is an integer from +1 to +6; cach
X independently is an antonic ligand having charge y where y s an integer from -3 to
-1 R
each L mndependently i1s a neutral ligand;
£1s an integer from U to 7;
m 1s an integer from -4 o 4;
m=(y *x)+(x vl
C 1s a cationic species baving a charge ¢ and ¢ 5 an integer from +1 to +3;
A 1s an aniornic species having a charge a and a 18 an integer from -1 to -3;

when m < §,

m*gl=c¥mland m2 =(;

whenm =0, ml =0 and m = {; and

when o >0, m*g=la* m2| aod ml =,
2) aGroup tor Group 2 metal C5-Cys carboxylate, and
3y a fiest solvent

to form a transition metal carboxylate.
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The process of claim 31, wherein the transition metal precursor has the formuta MUY, L, where M” is
a transition mmetal i the x oxidation state and x 5 an integer from | to 6; each X independently isa

monoansonic ligand; each L indepeodently is a neutral ligand; and ¢ is an teger ron G to 7.
The process of claim 31, wherein M is Ti, Zr, V, Nb, Cr, Mn, Fe, Co or Cu.

The process of claim 31, wherein each X independently 1s a halide, nitrate, sulfate, or phosphate and
gach L mdependently 18 a C,-Cyy ether, a Co-Cye thioether, a Cy-Cyp mitnile, a C-Cgp amine, a C3-Cy

phosphine, or any combination thereot.

The process of claim 31, wherein the Group 1 or Group 2 metal carboxylate has the formula
(I\/F\‘}q[(fDZC),R”}S where M% is a Group 1 or Group 2 metal; (DgC)rRlc is a C5-Cys carboxylate where
1 is an integer from 1 to 4 and R' is a hydrocarbon group or a substituted hydrocarbon group; g is ¢
divided by the greatest common divisor of r and the oxidation state of M®; and s 15 the oxidation

state of M™ divided by the greatest common divisor of r and the oxidation state of M,

The process of claim 31, wherein the Group 1 or Group 2 metal carboxylate has the formula
MA0,CR™, M* s a Group | metal, O,0R™ is a O3-Clas monocarboxylate, and R¥isa hydrocarbyl

group or a substituted hydrocarbyl group.

The process of clairs 31, wherein the carboxylate of the transition metal carboxylate coroposition

comprises a monocarboxylate having a formula “0,CR” wherein R™ is hydrocarby! group.

The process of claim 31, wherein the transition metal precarsor and Groop 1 or Group 2 metal
carboxylate are contacted at an equivalent ratio of carboxylate groups to transition metal oxidation

state from 1.95:1 to 1.3:1.

The process of claimm 31, wherein the fiest solvent comprises a C;-Cyg ether, a T-Cyq thioether, a -

Coe nitrile, a C-Cgo amine, a £3-Cy phosphine, or any combination thereof,

The process of claim 31, further comprising evaporating the first solvent to provide the transition

metal carboxylate composition.

The process claim 31, further comprising purify the ransition metal carboxylate composition by
contacting the transition metal carboxylate composition with a non-coordinating solvent to form a
solution, filtering the solation, and evaporating the non-coordinating solvent to provide a purnified

transition metal carboxylate corapasition.

The process of claim 31, further comprising 1) contacting the transition metal carboxylate

composition with a chlorosilane and a solvent to form a mixtare, 2) allowing the mixture to sit fora
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period of time, 3} filiering the mixture to remove any preciputate, 4) evaporating the solvent to

provide a purified ransiion metal carboxylate composition.



