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OLEFIN POLYMERIZATION ACTIVATORS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application Serial No.
62/650,453 filed March 30, 2018, which is incorporated by reference herein its entirety.

TECHNICAL FIELD

[0001] Embodiments of the present disclosure generally relate to olefin polymerization
catalyst systems and processes and, more specifically to olefin polymerization catalyst systems
including a Group IV metal-ligand procatalyst complex and a metallic activator, ionic complex

activator, or co-catalyst.
BACKGROUND

[0002] As part of the catalyst composition in a-olefin polymerization reactions, the activator
may have characteristics that are beneficial for the production of the a-olefin polymer and for
final polymer compositions including the o-olefin polymer. Activator characteristics that
increase the production of a-olefin polymers include, but are not limited to: rapid procatalyst
activation, high catalyst efficiency, high temperature capability, consistent polymer composition,

and selective deactivation.

[0003] Olefin-based polymers sach as ethylene-based polvmers and propylene based
polymers are produced via various catalyst systems. Selection of such catalyst systems can be an
important factor contributing to the characteristics and properties of olefin based polymers. The
catalyst systems for producing polyethyiene-based polymers may include a chromium-based
catalyst system, a Ziegler-Natta catalyst system, or a molecular {cither metallocene or non-

metallocene) catalyst systern.

[0004] As part of the catalyst system, the molecular polymerization procatalyst is activated
to genecrate the catalytically active species for polymerization, and this can be achieved by any
number of means. One such method eraploys an activator or co-catalyst that 1s a Brgnsted acid.

Brgunsted acid salis containing weakly coordinating anions are commonly wilized 1o activate



WO 2019/191098 PCT/US2019/024075

2

molecular polymerization procatalysts, particularly such procatalysts comprising Group IV
metal complexes. Brgnsted acid salts that are fully ionized are capable of transferring a proton

to form a cationic derivative of such Group IV metal complexes.

[0005] For activators such as Brensted acid salts, the cationic component may inchude
cations capable of transferring a proton such as ammounium, salfonium, or phosphonium
derivatives, for example; or oxidizing cations such as ferrocenium, silver (I), or lead (II) cations,

for example; or highly Lewis acidic cations such as carbountum or silyliam, for example.

[0006] However, once the cations activate the procatalyst, the activators may remain in the
polymer composition. As a result, the cations and anions may affect the polymer composition.
Since not all ions diffuse equally, different ions affect the polymer composition differently. In
particular, the size of the ion, the charge of the ion, the interaction of the ion with the
surrounding medium, and the dissociation energy of the ion with available counterions will
affect the ion’s ability to diffuse through a surrounding medium such as a solvent, a gel, or a

polymer material.

[0007] Conventional olefin polymerization activators include weakly-coordinating or non-
coordinating anions. It has been shown that weak coordination of the anion leads to increased
catalytic efficiency of the cationic catalyst. However, since the non-nucleophilic character of the
non-coordinating anion also increases diffusion, the residual activator anion in the produced
polymer will lower the electrical resistance of the polymer, thereby increasing electrical loss,

and thereby decreasing the insulation ability of the produced polymer.

SUMMARY

[0008] Desirable characteristics of activators in polymer systems include abilities to increase
the production of olefin-based polymers, to increase the rate of procatalyst activation, to increase
the overall efficiency of the catalyst, to enable the catalyst system to operate at high
temperatures, to enable the catalyst system to provide consistent polymer composition, and to
enable decomposition of the activator after olefin polymerization is complete. Activators derived
from the non-coordinating anion tetrakis(pentafluorophenyl)borate ("B(CgFs)4) capture many of

these desirable characteristics. Nevertheless, under typical polymerization reaction conditions,
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the "B(CgFs)4 anion fails to decompose readily and may remain intact in the final polymer. The
presence of an intact activator in the final polymer can be deleterious to the electrical properties

of the final polymer.

[0009] Activators based on partially hydrolyzed metal trialkyls, such as methylalumoxane
(MAO) or modified methylalumoxane (MMAOQ), for example, decompose more readily than the
"B(CgFs)4 anion, but suffer from poor high-temperature catalyst efficiency and broader

compositional drift in the final polymer.

[0010] There are ongoing needs for activators that efficiently activate a metal-ligand
procatalyst, that are readily broken down, and that perform well at high temperature. The
catalyst systems of the present disclosure include, in combination with Group IV metal-ligand
complexes, activators, or co-catalysts that address such needs. In particular, the activators
readily react with and activate the Group IV metal-ligand procatalyst complexes for the
production of polyolefin resins, and the polyolefin resins exhibit useful polymer composition
and electrical properties. The activators included in the catalyst systems of this disclosure
exhibit characteristics, such as abilities to increase the production of o-olefin polymers, to
increase the rate of procatalyst activation, to increase the overall efficiency of the catalyst to
enable the catalyst system to operate at high temperatures, to enable the catalyst system to

provide consistent polymer composition, and to enable decomposition of the activators.

[0011] According to one or more embodiments, processes of polymerizing olefins include
contacting ethylene and a (C3—C4p)a-olefin comonomer in the presence of a catalyst system that
includes a Group IV metal-ligand complex and a metallic activator ionic complex. The metallic
activator ionic complex includes an anion and a countercation, the anion having a structure

according to formula (I):

R—O Al(-X ) M
n 4-n
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[0012] The countercation is any cation having a formal charge of +1. In formula (I), n is 0
orl. When n is 1, R is selected from the group consisting of radicals having formula (II),

radicals having formula (III):

Rl 1 R2! R22
é—y (I R (ITD)
N
| RI2
R 13 R25 R24

[0013] In formulas (II) and (IIT), each Y is independently carbon or silicon; each instance of
R“, Ru, R" , RZl, R22, R%, R24, and R* is independently chosen from (C;—Cyp)alkyl,
(Ce—Capyaryl, -H, —ORC, —O—, or halogen, wherein RC is (C1—Csp)hydrocarbyl. When R is a

113 i5 a halogen-substituted (C1—Cyo)alkyl, a

radical according to formula (II), at least one of R
halogen-substituted (Cs—Cap)aryl, or —F; and when R is a radical according to formula (III), at
least one of R? is a halogen-substituted (C;—Cap)alkyl, a halogen-substituted (Cs—Cap)aryl, or
—-F. In some embodiments, the countercation may be chosen from tertiary carbocations, alkyl-

substituted ammonium ions, anilinium, alkyl-substituted alumocenium, or ferrocenium.

[0014] In formula (I), each X is a monodentate ligand independently chosen from halogen,
halogen-substituted  (C;—Cy)alkyl, (C;—Cag)alkyl, halogen-substituted  (Cs—Cayp)aryl,
(Ce—Cyp)aryl, —ORC, or triflate (—OTf). Moreover, no more than one X is halogen, —ORC,
triflate (—OTf), or (C1—Cypjalkyl. Optionally, two R groups in formula (I) are covalently
connected. Each R® is independently (C;—Cso)hydrocarbyl or —H. The metallic activator
complex comprises a percent dissipation factor of less than or equal to 0.1 at a concentration of
200 micromoles of metallic activator complex and 20 millimole of water in a hydrocarbon
solution as measured by the Hydrocarbon Conductivity Test. In some embodiments, the ratio of
total number of moles of the one or more metal-ligand complexes of formula (XI) in the catalyst
system to the total number of moles of the one or more co-catalysts in the catalyst system is

from 1:10,000 to 100:1.
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[0015] In one or more embodiments, specifically when two groups X of formula (I) are

covalently connected, the co-catalyst has a structure according to formula (IV):

(>‘<) 1

y
L AI—(OR)Z Iv)
X

[0016] In formula (IV), X and R are as defined in formula (I). The subscript z is 0 or 1;
subscript y is 0, 1 or 2; subscript x is 1 or 2; and 2x + y + z = 4. Each L, representing the two X
groups that are covalently connected, is independently chosen from halogen substituted
(Co—Cypjalkylene, halogen substituted (C,—Cap)heteroalkylene, or halogen substituted
(Ce—Cap)arylene. When subscript z is 1, the monodentate ligand X is chosen from halogen,

halogenated-(C1—Cap)alkyl, (C;—Cap)alkyl, or —S(O),CF; (triflate).
DETAILED DESCRIPTION

[0017] Specific embodiments of catalyst systems will now be described. It should be
understood that the catalyst systems of this disclosure may be embodied in different forms and

should not be construed as being limited to the specific embodiments set forth in this disclosure.
[0018] Common abbreviations are listed below:

[0019] Me : methyl; Et : ethyl; Ph : phenyl; Bn: benzyl; i-Pr : iso-propyl; £-Bu : tert-butyl;
t-Oct : tert-octyl (2.4,4-trimethylpentan-2-yl); Tf : trifluoromethane sulfonate; OTf : triflate;
(tBuFO)3Al : AI(OC(CFs3)3)3; THF : tetrahydrofuran; Et,O : diethyl ether; CH)Cly :
dichloromethane; CgDg : deuterated benzene or benzene-d6 : CDCIl; : deuterated chloroform,;
Na,SOy4 : sodium sulfate; MgSO4 : magnesium sulfate; HCI : hydrogen chloride; n-BuLi:
butyllithium; #BuLi : terr-butyllithium; K,COQOs: potassium carbonate; Cs;COs : cesium
carbonate; HfCly : hafnium(IV) chloride; HfBng : hafnium(IV) tetrabenzyl; ZrCly

zirconium(IV) chloride; ZrBny : zirconium(IV) tetrabenzyl; TiBny: titanium (IV) tetrabenzyl;
N, : nitrogen gas; PhMe: toluene; PPR : parallel polymerization reactor; MAO

methylaluminoxane; MMAQO : modified methylaluminoxane; NMR : nuclear magnetic
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resonance; MS: mass spectrometry; mmol : millimoles; mL : milliliters; M : molar; min or

mins: minutes; h or hrs : hours; d : days.

[0020] The term “independently selected” is used herein to indicate that the R groups, such
as, Rl, Rz, R3, R4, and RS, can be identical or different (such that Rl, RZ, R3, R4, and R’ may all
be substituted alkyls or R' and R’ may be a substituted alkyl and R’ may be an aryl, etc.). A
chemical name associated with an R group is intended to convey the chemical structure that is
recognized in the art as corresponding to that of the chemical name. Thus, chemical names are
intended to supplement and illustrate, not preclude, the structural definitions known to those of

skill in the art.

[0021] The term “procatalyst” refers to a compound that has catalytic activity when
combined with an activator. The term “activator” refers to a compound that chemically reacts
with a procatalyst in a manner that converts the procatalyst to a catalytically active catalyst. As

used herein, the terms “co-catalyst” and “activator” are interchangeable terms.

[0022] When used to describe certain carbon atom-containing chemical groups, a
parenthetical expression having the form “(C,—C,)” means that the unsubstituted form of the
chemical group has from x carbon atoms to y carbon atoms, inclusive of x and y. For example,
a (C1—Csp)alkyl is an alkyl group having from 1 to 50 carbon atoms in its unsubstituted form. In
some embodiments and general structures, certain chemical groups may be substituted by one or
more substituents such as R%. An R® substituted chemical group defined using the “(C,—C,)”
parenthetical may contain more than y carbon atoms depending on the identity of any groups R®.
For example, a “(C;—Cso)alkyl substituted with exactly one group R, where R® is phenyl
(—C6Hs)” may contain from 7 to 56 carbon atoms. Thus, in general when a chemical group
defined using the “(Cx—C,)” parenthetical is substituted by one or more carbon atom-containing
substituents RS, the minimum and maximum total number of carbon atoms of the chemical
group is determined by adding to both x and y the combined sum of the number of carbon atoms

from all of the carbon atom-containing substituents RS,

[0023] The term “substitution” means that at least one hydrogen atom (—H) bonded to a

carbon atom or heteroatom of a corresponding unsubstituted compound or functional group is
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replaced by a substituent {e.g., R®). The term “~H” means a hydrogen or hydrogen radical that
is covalently bonded to another atom. “Hydrogen” and “~H” are interchangeable, and unless

clearly specified have identical meanings.

[0024] The term “halogen-substituted” means that at least one hydrogen atom (—H) bonded
io a carbon atom or heteroatom of a corresponding unsubstituted corapound or functional group
is replaced by a halogen. The term “halogen-substituted” and “halogenated” are
interchangeable. The term “perhalogenated” means that every —H bonded to a carbon atom or
heteroatom of a corresponding unsubstituted compound or functional group is replaced by a
halogen. The term “halogen-substituted” means that at least one —H bonded to a carbon atom or
heteroatom of a corresponding unsubstituted compound or functional group is replaced by a

halogen atom.

[0025] In this disclosure, the termy “halogen atom™ or “halogen” means the radical of a
fluorine atom (F) or chlorine atom (Cl). The term “halide” means anionic form of the halogen

atom, e.g., fluoride (F7) or chloride (C17).

[0026] The terro “(C—Csophydrocarbyl” roeans a hydrocarbon radical of {rom 1 o 30 carbon
atorns and the term “(C—Csp)hydrocarbylene” means a hydrocarbon diradical of from 1 to 50
carbon atoros, in which each hydrocarbon radical and each hydrocarbon diradical is aromatic or
non-aromatic, saturated or unsaturated, straight chain or branched chain, cyclic {(having three
carbons or more, and including mono- and poly-cyclic, fused and non-fused polyeyclic, and

. . . . S R
bicyclic) or acyclic, and substituted by one or more R” or unsubstituted.

[0027] In this disclosare, a (C;—Cspihydrocarbyl may be an unsubstituted or substituted
(Ci—Csppalkyl, (C3—Cspieycloatkyl, (Cs—Co)eycloalkyl-{Ci—Chpralkylene, (Ce—Cyparyl, or
{(Ce—Capparyl-{Ci-Copyalkylene (such as benzyl (—CH,-CgHs)).

[0028] The terms “(C—Csodalkyl” and “(C—Cz)alkyl” ruean a satorated straight or branched
hydrocarbon radical of from 1 to SO carbon atoms and a saturated straight or branched
hydrocarbon radical of from 1 to 18 carbon atoms, respectively, that is unsubstituted or
sabstituted by one or more RS. Examples of unsubstituted (Cy—Csplalkyl are unsubstituted

(Ci—Copralkyl; vnsabstituted (C—Cigyalkyl; unsubstituted (C—Csyalkyl; methyl; ethyl; T-propyl;
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2-propyl; 1-butyl; 2-butyl; 2-methylpropyl: 1,1-dimethylethyl; 1-pentyl; I-hexyl; 1-heptyl; 1-
nonyk, and I-decyl. Examples of substituted (C,—Cuglalkyl are substituted (Ci—Coplalkyl,
substituted (C1—Cigralkyl, trifluoromethyl, and [Csslalkyl. The term “[Cayslalky!” means there is
a maximum of 45 carbon atoms in the radical, including substituents, and is, for example, a
(Ca7—Cyp)alkyl substituted by one RS, which is a (C1—Cs)alkyl, respectively. Each (C;—Csyabloyl
may be methyl, mifluoromethyl, ethyl, 1-propyl. l-methyvlethyl, or 1.1-dimethylethyl. More
broadly, the term “[C,Jalkyl” means there is a maximum of z carbon atoms, wherein 2z is a

positive integer, in the radical, including substituents.

[0029] The term “(Cs—Cspjaryl” means an unsubstitnted or substituted (by one or more RS)
monocyclic, bicychic, or tricyclic aromatic hydrocarbon radical of from 6 to 40 carbon atoms, of
which at least from 6 to 14 of the carbon atoms are aromatic ring carbon atoms. A monocyclic
aromatic hydrocarbon radical includes onc aromatic ring; a bicyclic aromatic hydrocarbon
radical has two rings: and a tricyclic aromatic hydrocarbon radical has three rings. When the
bicyclic or tricyclic aromatic hydrocarbon radical is present, at least one of the rings of the
radical is aromatic. The other ring or rings of the aromatic radical may be independently fused
or non-fused and aromatic or non-aromatic. Examples of unsubstituted (Ce—Csplaryl include:
unsubstituted  (Cs—Capjaryl, unsubstitmted  (Co—Ciglaryly,  2-(C—Cslalkylb-phenyl.  phenyl:
fluorenyl; tewahydrofluorenyl; indacenyl; hexahydroindacenyl; indenyl; dihydroindenyl;
naphthyl; tetrahydronaphthyl; and phenanthrene. Examples of substituted (Ce—Caglaryl include:
substituted (C—Cagarvl; substituted (Ce—Crglaryl; 2,4-bis([Cholalkyl)}-phenyl; polyfluorophenyl;

pentafiuorophenyl; fluoren-9-one-1-yl; and biphenyl.

[0030] The term “(Ca—Cspleycloalkyl” means a saturated cyclic hydrocarbon radical of from
3 to 50 carbon atoms that is unsubstituted or substituted by one or more RS, Other cycloalkyl
groups {(e.g., (C,—C\)cycloalkyl) are defined in an analogous manner as having from x to y
carbon atoms and being cither unsubstituted or substituted with one or more R". Examples of
unsubstituted  (C3—Cspieycloalkyl  are  unsubstituled  (Ci—Cyodeycloalkyl,  unsubstituted
(Cs—Cpyeycloalkyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, eycloheptyl, cyeclooctyl,
cyclononyl, and cyclodecyl. Examples of substituted {C3—Cygjeycloalkyl are substituted

(Ca—Chpyeycloalkyl, substituted (C3—Cig)eycloalkyl, and 1-fluorocyclohexyl.
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[0031] Examples of (C~Csphydrocarbylene  include  unsubstituted  or  sobstituted
(Ce—Cspjarylene, (Ci—Cspleycloalkylene, and (C1—Cso)alkylene (e.g., (Ci—Caylalkylene). The
diradicals may be on the same carbon atom (e.g., —CHy—) or on adjacent carbon atoms (i.e., 1,2-
diradicals), or are spaced apart by one, two, or more than two intervening carbon atoms (e.g.,
1,3-diradicals, 1.,4-diradicals, etc.). Some diradicals include 1,2-, 1,3-, 1,4-, or g,m-diradicals.
The a.w-diradical 1s a diradical that has maximum carbon backbone spacing between the radical
carbons. Some examples of (Co—Cyplalkylene a,m-diradicals include ethan-1,2-diyl (ie.,
-CH,CHy—-), propan-1,3-diyl  (i.e., —-CH,CH,CHy-), Z-methylpropan-13-diyl {(ie.,
—CH>CH(CHYCHy—). Some examples of {Co—Cyplarylene o,@-diradicals include phenyl-1.4-
diyl. napthalen-2,6-diyl, or napthalen-3,7-diyl.

[0032] The term “{Ci—Csplalkylene” means a saturated straight chain or branched chain
diradical {i.e., the radicals arc not on ring atoms) of from 1 to 50 carbon atoms that is
unsubstituted or substitaled by one or more RS Exaraples of unsubstituted (Cy—Cspialkylene are
unsubstituted {C—Cop)alkylene, including uwnsobstituted —CHoCHo—, —(CHap—, —{(CHo)u—,
—(CHa)s—, «(CHole—, «(CHa)r—, (CHa)s—, —CHCYHCH;, and —(CHCHFHMWCH3), in which
“C*¥7 denotes a carbon atom from which a hydrogen atom is removed to form a secondary or
tertiary alkyl radical. Examples of suobstituted (C—Cspalkylene are substituted
(Ci—Coppalkylene, —CF—, —C(O)—, and —(CH)uCCH3R(CHy)s— (e, a 6,6-dimethyl
substituted normal-1,20-cicosylene). Since as mentioned previously two RS may be taken
together to form a (C—Cyglalkylene, examples of substituted (C—Csplalkvlene also inchude 1.2-
bis(methylene)cyclopentane, 1,2- bis(methylene)cyclohexane, 2,3-bis(rethylene)-7,7-dimethyl-

bicyclo[2.2.1]heptane, and 2,3- bis {methylene)bicyclo [2.2.2] octane.

[0033] The term “(Cs3—Csp)cycloalkylene” means a cyclic diradical (i.e., the radicals are on

ring atoms) of from 3 to 50 carbon atoms that is unsubstituted or substituted by one or more R®,

[0034] The term “heteroatom,” refers to an atom other than hydrogen or carbon. Examples
of groups containing one or more than one heteroatom include O, S, S(O), S(O),, Si(Rc);z_ P(RP),
Gf:(RC)z, N(RN), or wN:(ZI('RC)g, where ecach R° and each R is unsubstituted

(C—Cigthydrocarbyl or —H, and where each RY is unsubstituted {Cy~Cigrhydrocarbyl. The term



WO 2019/191098 PCT/US2019/024075

10

“heterohydrocarbon” refers to a molecule or molecular framework in which one or more carbon
atoms of a hydrocarbon are replaced with a heteroatom. The term “(C;—Csylheterchydrocarbyl”
means a heterohydrocarbon radical of from 1 to 530 carbon atoms, and the term
HC1~Cagyheterohydrocarbylene” means a heterohydrocarbon diradical of from 1 to 50 carbon
atoms.  The  heterohydrocarbon  of  the  (C—Csplheterohydrocarbyl  or  the
(Ci~Csprheterohydrocarbylene  has one or more heteroatoms. The radical of the
heterohydrocarbyl may be on a carbon atom or a heteroatom. The two radicals of the
heterchydrocarbylene may be on a single carbon atom or on a single heteroatom. Additionally,
one of the two radicals of the diradical may be on a carbon atom and the other radical may be on
a different carbon atom; one of the two radicals may be on a carbon atom and the other on a
heteroatom; or one of the two radicals may be on a heteroatom and the other radical may be on a
different heteroatom. BEach (C;—Csgyheterohydrocarbyl and (C—Cso)heterohydrocarbylene may
be unsubstituted or substituted (by onc or more RS),, aromatic or non-aromatic, saturated or
unsaturated, straight chain or branched chain, cyclic (including mono- and poly-cyclic, fused

and non-fused polycyclic), or acyelic.

[0035] The (C—Cspiheterohydrocarbyl may be unsubstituted or substituted. Non-limiting

examples of the {C~Cspiheterohydrocarbyl include (C1—Csgheteroalkyl,
(Ci—Cspphydrocarbyl-O—, (Ci1—Cspphydrocarbyl-S—, {C1—Cspphydrocarbyl-S(O)—,
(Ci—Csphydrocarbyl-S(0O)—, (T4 ~C50)hydmcarbyLSi(RC);, (Cr—Csophydrocarbyl-N( RN)MQ
(Ci—Cspyhydrocarbyl-P( RP)M, {Cr—Csprheterocycloalloyl, (Co—Cyg)heterocycloalkyl-

(Ci—Cypralkylene, {(Cr—Conieycloalkyl-(C—Cigheteroalkylene, (Cy—Cgheterocycloalkyl-
(Ci—Chppheteroalkylene, {C—Cso)heteroaryl, (C—Cyo)heteroaryl-(C—Chplalkylene,

(CoCopraryl-(Cy—Croheteroalkylene, or (C—Ciodheteroaryl-(Ci—Chgheteroalkviene.

[0036] The term “(C4—Csgiheteroaryl” means an unsubstituted or substituted (by one or more
rRY monocyclic, bicyclic, or tricyclic heteroaromatic hydrocarbon radical of from 4 to 50 total
carbon atoms and from 1 to 10 heteroatoms. A monocyclic heteroaromatic hydrocarbon radical
includes one heteroaromatic ring; a bicyclic hetercaromatic hydrocarbon radical has two rings;
and a tricyclic heteroaromatic hydrocarbon radical has three rings. When the bicyclic or tricyclic

heteroaromatic hydrocarbon radical is present, at least one of the rings in the radical is
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heteroaromatic. The other ring or rings of the heteroaromatic radical may be independently
fused or non-fused and aromatic or non-aromatic. QOther heteroaryl groups {e.g.
{Ci—Cyheteroaryl generally, such as (Cy~Cyydhetercaryl) are defined in an analogous manner as
having from x to y carbon atoms (such as 4 to 12 carbon atoms) and being unsubstituted or
substitated by one or more than one R™. The monocyclic heteroaromatic hydrocarbon radical is a

S-membered ring or a 6-membered ring.

[0037] The S-membered ring monocyclic heteroaromatic hydrocarbon radical has 5 minus h
carbon atoms, where h is the nomber of hetercatoms and may be 1, 2, or 3; and each heteroatom
may be O, S, N, or P. Examples of 5-membered ring hetercaromatic hydrocarbon radicals
mclode  pyrrol-1-yh pyrrol-2-yl  furan-3-yl;  thiophen-2-vl; pyrazol-1-vl;  isoxazol-2-yl;
isothiazol-5-yl; imidazol-2-yl; oxazol-4-yl; thiazol-2-yi; 1,2.4-triazol-1-vl; 1,3,4-oxadiazol-2-yl;

1,3,4-thiadiazol-2-vl; tetrazol-1-yl; tetrazol-2-yl; and tetrazol-5-yl.

[0038] The 6-membered ring monocyclic heteroaromatic hydrocarbon radical has 6 minus h
carbon atoms, where h is the number of hetercatoms and may be I or 2 and the heteroatoms may
be N or P. Examples of 6-membered ring heteroaromatic hydrocarbon radicals include pyridine-

2-yL; pyrimidin-2-vyl; and pyrazin-2-yl.

[0039] The bicyclic heteroaromatic hydrocarbon radical can be a fused 5,6- or 6.6-ring
system. Examples of the fused 5,6-ring system bicyclic heteroaromatic hydrocarbon radical are
indol-1-yl; and benzimidazole-1-yl. Examples of the fused 6,6-ring system bicyclic
heterparomatic hydrocarbon radical are quinolin-2-yl; and issquinolin-i-yl. The tricyclic
heteroaromatic hydrocarbon radical can be a fused 5,6,5-; 5.,6.6-; 6,5,6-; or 6.6,6-ring system.
An example of the fused 5,6,5-ring system is 1,7-dihydropyrrolo{3,2-{]indoi-1-yl. An example
of the fused 5,6,6-ring system is 1H-benzofflindol-1-yl. An example of the fused 6.,5,6-ring

system is 9H-carbazol-9-yl. An example of the fused 6,6,6-ring systen is acrydin-9-ylL

[0040] The term “(C1~Csgiheteroalkyl” means a saturated straight or branched chain radical
containing one to fifty carbon atoms, and one or more heteroatom. The term
O —Csorheteroalkvlene” means a saturated straight or branched chain diradical containing from
1 to 50 carbon atoms and one or more than one heteroatom. The heteroatoms of the heteroalkyls

or the heteroalkylenes may include Si(RC)g, GG(RC);;,, Si(RC)z, Gef RC>2, P(RP)Q, P(RP), N(RN)Q,,
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N{RN), N, O, OR", S, SRE. §¢ (), and S{O},, wherein each of the heteroalkyl and heteroalkylene

groups are unsubstituted or are substituted by one or more RS,

[0041] Examples of unsubstituted (C,—Cyheterocycloalkyl include unsubstituted
(Co—Chppheterocycloalkyl, unnsubstituted (C,—Cipdheterocycloalkyl, aziridin-l-yl, oxetan-2-yl,
tetrahydrofuran-3-yl, pyrrolidin-l-yl, tetrahydrothiophen-S,5-dioxide-2-yl, morpholin-4-yl, 1,4-

dioxan-2-yl, hexahydroazepin-4-yl, 3-oxa-cyclooctyl, 5-thio-cyclononyl, and 2-aza-cyclodecyl.

[0042] The term “saturated” means lacking carbon-carbon double bonds, carbon-carbon
triple bonds, and (in heteroatom-containing groups) carbon—nitrogen, carbon—phosphorous, and
carbon-silicon double bonds. Where a saturated chemical group is substituted by one or more
substitaents RS, one or more double and/or triple bonds optionally may be present in substituents
R®. The term “unsaturated” means containing one or more carbon-carbon double bonds or
carbon—carbon triple bonds, or (in hetervatom-containing groups) one or more carbon—nitrogen
double bonds, carbon-phosphorus double bonds, or carbon-silicon double bonds, not including
double bonds that may be present in substituents RS, if any, or in aromatic rings or

heteroaromatic rings, if any.

[0043] Embodiments of this disclosure include processes for polymerizing olefins, the
process comprising contacting ethylene and a (C3—Cyp)alpha-olefin comonomer in the presence
of a catalyst system that includes a Group IV metal-ligand complex and a metallic activator
ionic complex, the metallic activator ionic complex comprising an anion and a countercation, the

anion having a structure according to formula (I):

-1

R—0 Al{—x ) )

n 4-n

[0044] In formula (I), each X is a monodentate ligand independently chosen from halogen,
halogen-substituted (C;—Cyg)alkyl, or halogen-substituted (C¢—Cyg)aryl. Furthermore, at most,

one X is halogen.
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[0045] In formula (I), subscript n is 0 or 1. Each R is independently selected from the group

consisting of radicals having formula (II) and radicals having formula (III):

Rl 1 RZ] R22
é_ v an RS (ID)
N
| RI2
Rl 3 R25 R24

[0046] In formula (II), each Y is independently carbon or silicon; and each R“, Rlz, R13, is
independently chosen from (C;—Cap)alkyl, (Ce—Cap)aryl, —H, —NRNZ, —ORC, —SRC, or halogen.
In some embodiments of formula (I), when each R is a radical according to formula (II) and Y is
carbon, at least one of R'™ is a halogen-substituted (C;—Cajp)alkyl, a halogen-substituted

(Ce—Cyp)aryl, or —F.

[0047] In formula (III), each R21, R22, R23, R24, and R* is independently chosen from
(C1—Cap)alkyl, (Ce—Cap)aryl, —H, —NRY,, —ORC, —SRC, or halogen. When R is a radical
according to formula (III), at least one of R¥-R% is a halogen-substituted (C;—Cyp)alkyl, a

halogen-substituted (Cs—Cap)aryl, or —F.

[0048] In one or more embodiments of the catalyst system, in the anion of formula (I), n is 0
and each X group is independently —C(H)(CF3),, —C¢Fs, or —C(CF3);. In some embodiments,
one X is chosen from —OH, triflate (—OTf), methyl, or halogen. In other embodiments, n is O,

and three of the four X groups are —C(CF3)3 and one X of the four X groups is —C¢Fs.

[0049] In embodiments of polymerization system, when the countercation is Me,PhN(H)*,
and the anion is Al(C¢Fs)4, the procatalyst is not PhoC(Cp)(Flu)ZrCl, or Et(1-Ind),ZrCl,. In
some embodiments, when the countercation is (Ph);C*, and the anion is Al(CgFs)4, the

procatalyst is not Et(1-Ind),ZrCl,.
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[0050] In one or more embodiments of the catalyst system, in the anion of formula (I), two

X groups are covalently connected and the anion has a structure according to formula (IV):
(%) 1

y
L Al—(OR)Z av)
X

[0051] In formula (IV), R and each X are as defined in formula (I); zis O or 1; yis 0, 1, or 2;
xis 1 or 2; and 2x + y + z = 4. L represents the two X groups that are covalently connected; and
L is independently chosen from halogen substituted (C,—Cap)alkylene, halogen substituted

(Co—Cyp)heteroalkylene, or halogen substituted (Cs—Cap)arylene.
[0052] In formula (IV), when z is 1, X is chosen from halogenated-(C1—Cyg)alkyl.

[0053] In one or more embodiments of the catalyst system including an anion of
formula (IV), L is a halogenated biphenyl diradical ion or halogenated naphthalene-diyl. The
halogenated biphenyl diradical ion may have a single radical on each of the phenyl rings. The
diradicals on the halogenated naphthalene-diyl may be separated by four or more carbon atoms

in the naphthalene.

[0054] In one or more embodiments, the metallic activator ionic complex includes the anion
according to formulas (I) or (IV) and the countercation having a formal charge of positive one
(+1). In some embodiments of the metallic ionic complex, the countercation is chosen from a
protonated tri[(C1—Casp)hydrocarbyl] ammonium cation. In some embodiments, the
countercation is a protonated trialkyiammonium cation, containing one or two {C4—Cograliyl
groups on the ammonium cation. In one or more embodiments, the countercation is *N(H)R™;,
where each R is chosen from (C1—Cap)alkyl or (Cs—Chp)aryl. In one or more ermbodiments, the
countercation is +N(H)RN3, where at least two R are chosen from (C10—Cap)alkyl. In one or
more embodiments, the couniercation is +N(H)RN3, wherein RY is (Cie~Cyaialkyl. In one or
more embodiments, the countercation is +N(CH3)HRN2, wherein RY is {Ci16—Cigpalkyl. In some
embodiments, the countercation is chosen from methyldi(octadecyDammonium  cation,

methyl{octadecyithexadecyljammonium  cation, wethyldithexadecyl)ammonium  cation, or
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methyldi(tetradecyDammoniom  cation. The methyldi(octadecylyammontiom  cation,
methyl{octadecyli(hexadecyljammonium cation, methyldithexadecyljanumonium cation, or
methyldi(tetradecylammonium cation are collectively referred to herein as armeeniurm cations.
fonic compounds having armeenium cations are casily formed by protonating (with anhydrous
HCL in cther, for example) methyldi(octadecylamine, methyloctadecyh{hexadecyllamine,
methyldithexadecybamine, or methyldi(tetradecyblamine which are available from Akzo-Nobel
under the Armeen™ trade names, for example Armeen™ M2HT. In other embodiments, the
countercation is triphenylmethyl carbocation (*C(C¢Hs)s), also referred to as trityl. In one or
more embodiments, the countercation is a tris-substituted-triphenylmethyl carbocation, such as
+C(C6H4RC)3, wherein each R is independently chosen from (C;—Cjp)alkyl. In other
embodiments, the countercation is chosen from anilinium, ferrocenium, or aluminoceniums.
Anilinium cations are protonated nitrogen cations, such as [HN(RS)(RN)2]+, where RY is
(Ci—Copyalkyl or H and RS is chosen from (Ce—Cap)aryl, and each alkyl or aryl may be further
substituted with —ORC, for example C¢HsNMe,H*. Aluminoceniums are aluminum cations,

such as ngAl(THF){', where R® is chosen from (C1—Csp)alkyl.

[0055] In one or more embodiments, the metallic activator ionic complex has a dissipation
factor of less than or equal to 0.1 at a concentration of 200 micromoles of metallic activator
complex and 20 millimoles of water in a high boiling point fully saturated hydrocarbon solution
as measured by the Hydrocarbon Conductivity Test. In some embodiments, the metallic
activator ionic complex has a dissipation factor of less than or equal to 0.05, less than or equal to
0.03, or less than or equal 0.025 at a concentration of 200 micromoles of metallic activator ionic
complex and 20 millimoles of water per liters of a high boiling point fully saturated hydrocarbon
solution as measured by the Hydrocarbon Conductivity Test. The high boiling point fully
saturated hydrocarbon solution (“hydrocarbon solution”) includes a high boiling point fully
saturated hydrocarbon solvent, water, and the metallic activator ionic complex. The high boiling
point fully saturated hydrocarbon solvent may include squalane, dodecane, eicosane, or
triacontane. The term “high boiling point” in reference to “high boiling point fully saturated
hydrocarbon solvent” refers to a solvent having a boiling point greater than 150 °C or equal to

190 °C.
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[0056] In order to understand the comparative electrical properties of a polyolefin elastomer
produced by a polymerization process according to this disclosure, specifically the elastomer
produced by the metallic activator ionic complex according to formula (I) the Hydrocarbon
Conductivity (HC) Test was performed. The HC Test simulates difference between the
electrical properties of polyolefin elastomers produce by a comparative activator, such as
methyldi((C4—Cyp)alkyl)ammonium tetrakis(pentafluorophenyl)borate and the metallic activator
ionic complexes of this disclosure. In the HC Test, the activator is dissolved in a high boiling
point fully saturated hydrocarbon solvent at room temperature. (Room temperature is

approximately 22.0 +2.5°C.)

[0057] The HC Test measures the dissipation factor (at 60 Hz) and conductivity for the
hydrocarbon samples. Each of the hydrocarbon samples is measured using a Novocontrol
Technologies Broadband Dielectric Spectrometer (Alpha-A) using standard methods. Other than
the gentle heating, all sample preparation steps and measurements were performed at room

temperature.

[0058] To prepare the hydrocarbon samples, an amount of the activator is added to
approximately 10 mL of hydrocarbon solvent to create samples having a concentration of
approximately 200 pM activator in solution. In a water-containing hydrocarbon sample,
deionized water is added to obtain a concentration of approximately 20 mM, and an amount of
activator is added to obtain a 200 uM activator hydrocarbon solution. All samples are heated
below the boiling point of the hydrocarbon to remove the water and any residual low boiling
point solvents. The dissipation factor and conductivity are measured, as described in the

preceding paragraph.

[0059] The ratio of total number of moles of the one or more Group IV metal-ligand
complexes in the catalyst system to total number of moles of the one or more metallic activator

ionic complex in the catalyst system is from 1:10,000 to 100:1.

[0060] In illustrative embodiments, the catalyst systems may include a metallic activator
ionic complex comprising an anion and a countercation, in which the anion is according to
formula (I). The illustrative embodiments include the anionic structure complexed with a

countercation as described in this disclosure, and have the following structure:
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Activator 3
Polymeric Electrical Properties

[0061] The electrical insulating efficiency of a medium, such as a polymer material, may be
assessed in view of the electrical resistance of the medium and the electrical loss of the medium.
Electrical loss lowers the efficiency by which the insulating medium electrically insulates in the
presence of an electric field. The resistance of the insulating medium should be as high as
possible for both alternating current (AC) and direct current (DC) systems, because the

resistance is inversely related to the power or electric loss.

[0062] In a DC system such as a photovoltaic device encapsulated in an insulating medium
such as polymer material, electric loss manifests as the leakage of current from the encapsulated
device through the encapsulant to the external environment. This current (1) is directly related to
the voltage (V) of the insulating medium and inversely related to the resistance (R) of the
insulating medium according to the equation I =V x R™'. Therefore, the higher the resistance,

the lower the current and the current leakage.
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[0063] In an AC system including an insulating medium such as cable insulation, electric
loss manifests as the absorption of energy by the insulating medium in the presence of an
electrical field. Measured in power (P), this loss is determined by the equation P = VixoxCx
' x tan & where ® is the angular frequency, €' is the relative permittivity, C is the capacitance,
and tan d is the dissipation factor, tan § = (C x R x o)™, resulting in the equation P = Vix e x
R™. Since the resistance is inversely related to the power loss, the higher the resistance, the

lower the power loss.

[0064] The electrical resistance of a medium is generally decreased as a result of ionic
diffusion caused by an external electric field. In a system in which ionic diffusion dominates the
electrical response, the resistance is related to the diffusing ions according to the equation R =
6X TX €' X gX NX rX Cc'x q'zx N~ where g is the permittivity of vacuum (8.854 x
1072 F-m™), 1 is the dynamic viscosity of the medium, r is the hydrodynamic radius of the ion,
q is the charge of the ion, and N is the concentration of the ion. Since increased resistance
decreases energy loss and a decrease in ion concentration increases resistance, a reduction in the

concentration of ions diffusing through the medium decreases energy loss.

[0065] An ion’s ability to diffuse through a given medium is influenced by the size of the
ion, the charge of the ion, the interaction of the ion with the surrounding medium, and the ion’s
dissociation energy with available counterions. Since not all ions diffuse equally through the
given medium, when the medium is a polymer, the diffusivity of the ions generally affects the
insulation ability of the polymer. Without intending to be bound by theory, it is believed that
produced polymers of the catalyst systems of this disclosure have desirable electrical properties
such as decreased electrical loss, because the anions of the ionic metallic activator complex of

formula (I) are less able to diffuse through the produced polymer.
Catalyst System Components

[0066] The catalyst system may include a procatalyst. The procatalyst may be rendered
catalytically active by contacting the complex to, or combining the complex with, a metallic
activator having anion of formula (I} and a countercation. The procatalyst may include one or
more than one Group IV metal-ligand complex (Group IVB according to CAS or Group 4

according to IUPAC naming counventions), such as a titanium {T1) metal-ligand complex, a
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zirconium (Zr) metal-ligand complex, or a hafnium (H) metal-ligand complex. Non-limiting
examples of the procatalyst include catalysts, procatalysts, or catalytically active compounds for
polymerizing ethylene based polymers disclosed in one or more of US 8372927;
WO 2010022228; WO 2011102989; US 6953764; US 6900321; WO 2017173080; US 7650930;
US 6777509 WO 99/41294; US 6869904; or WO 2007136496, all of which documents are

incorporated herein by reference in their entirety.

[0067] In one or more embodiments, the Group IV metal-ligand complex includes a bis-
biphenyiphenoxy Group IV metal-ligand complex or a constrained geometry Group IV

metal-ligand complex.

[0068] According to some embodiments, the bis-biphenyiphenoxy Group IV metal-ligand

complex has a structure according to formula (XI):

R2 R’I 5
RS R'I R1 6 R 14
X)n
4 13
RS Z Z R'2
N
R6 R8 R9 R1 1
R? R1 0
[0069] In formula (XI), M is a metal chosen from titanium, zirconium, or hafnium, the metal

being in a formal oxidation state of +2, 43, or +4. Subscript n of (X), is 0, 1, or 2. When
subscript n is 1, X is a monodentate ligand or a bidentate ligand, and when subscript n is 2, each
X is a monodentate ligand. L is a diradical selected from the group consisting of
(C1—Cyp)hydrocarbylene, (C;—Cso)heterohydrocarbylene, —Si(RC)z—, —Si(RC)2OSi(RC)2—,
~SiRCR)r-  ~SiRDSIRD-, —SiRDCRNSIR) ~CRSIHRCR ),
~NRYHCR )z “NRHNR) ~CRLNRYCR )z ~Ge(R)r—, ~PR")~, -NRY)~, ~O-,
—S—, =S(0)-, =S(0),—, -N=C(R)-, -C(0)O-, —OC(0)—, —C(O)N(R)—, and —-N(R)C(0)-.
Each Z is independently chosen from —O—, —S—, —N(RN)—, or fP(RP)—; R2'4, RS'S, R*'? and



WO 2019/191098 PCT/US2019/024075

20

R"™" are independently selected from the group consisting of —H, (C;—Cao)hydrocarbyl,

(C1—Cao)heterohydrocarbyl, —Si(R%)s, —Ge(R%)s, —P(RF)2, —=N(R™),, —OR®, —=SR®, -NO,, —CN,
~CF3, R°S(0)-., R%S(0)>~, -N=C(R%)2, R“C(0)0O-, R°OC(0)~, R“CONR)~, (R“),NC(O)-,
and halogen. R' and R'C are selected from radicals having formula (XII), radicals having formula

(XIII), and radicals having formula (XIV):

R33 46 R45 R44 4 o . o
R34 R32 R R R
R53
XI) R4 O O R*2 (X1 OOO (XIV)
R3% R31 R52
.nrvv - R51

[0070] In formulas (XII), (XIII), and (XIV), each of R¥-R%, R*"-R*, and R¥-R¥ is
independently chosen from —H, (C;—Cso)hydrocarbyl, (C;—C4o)heterohydrocarbyl, —Si(RC)3,
—-Ge(R%)3, —PR"),, -N(RY),, —-OR®, -SR®, -NO,, -CN, -CFs;, R°S(O)-, R“S(0),-,
(R9),C=N—, R°C(0)O-, R“OC(0)—, R°C(O)N(R™M)-, (R9),NC(O)-, or halogen..

[0071] In one or more embodiments, each X can be a monodentate lgand that,
independently from any other lhigands X, is a halogen, unsubstituted (C—Cyhydrocarbyl,
unsubstituted  (Ci—CypthydrocarbylC(O)0~, or RKRLN—, wherein cach of R® and R"

independently is an unsubstituted(C—CypYhydrocarbyl.
[0072] HWustrative metal-ligand complexes according to formula (X1} include, for example:

[0073] (2'.2"-{propane-L3-diyibis{oxy)bis(S-chloro-3-(3,6-di-tert-octyl-9H-carbazol-9-y1)-
3methyl-5-(2,4 4-trimethyipentan-2-yhbiphenyl-2-ol)dimethyl-hafnium;

[0074] (2'.2"-(propane-13-diyibis{oxy)bis(3-(3,6-di-tert-butyl-9H-carbazol-9-y[)-3-chloro-
5-(2.4 d-trimethylpentan-2-yhbiphenyl-2-ohdimethyl-hafnium;

[0075] (2',2"-(propanc-1,3-diylbis{oxy))bis(3-chloro-3-(3,6-di-tert-butyl-9H-carbazol-9-y1}-

S'-fluore-5-(2,4 4-trirnethvipentan-2-yDbiphenyl-2-oldimethyi-hafniom;

[0076] (27.,2"-{propane-1.3-diyibis{oxy)ibis{3-(3,6-di-tert-butyl-9H-carbazol-9-y13-3-methyi-

5-(2,4 4-wimethyipentan-2-yhbiphenyl-2-ol)dimethyl-hafninm;
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[0077] (27,27 -(propane-1.3-diylbis{oxy)bis(5-cyvano-3-(3,6-di-tert-butyl-9H-carbazol-9-y1)-

3'-methyl-5-(2.4, 4-trimethylpentan-2-yhbiphenyl-2-ol}dimethyl-hafnium;

[0078] (27,2"-{propane-1.3-diythis{oxy)ibis{ 5 -dimethylamine-3-3,6-di-tert-butyl-9H-

carbazol-9-v1)-3-methyl-5-(2,4 4-trimethyipentan-2-yhbiphenyl-2-oldimethyl-hafniom;

[0079] (2727 -(propane-1,3-diyibis{oxy)bis(3', 5 -dimethyl-3-(3,6-di-tert-butyl-9H-carbazol-

G-v1)-3-(2.4 4-trimethylpentan-2- yitbiphenyl-2-ol)dimethyl-hafotum;

[0080] (22" -(propane-1,3-diylbis{oxy))bis(5'-chloro-3-(3,6-di-tert-butyl-9H-carbarol-9-y1)-

3ethyl-5-(2.4 4-trimethylpentan-2-yiibiphenyl-2-ol)dimethyl-hafnium;

[0081] (2'.2"-(propane-1,3-diyibis(oxy))bis(3-(3,6-di-tert-butyl-9H-carbazol-9-yD)-3-methyl-

S'-tert-butyl-5-(2 4 4-trivacthylpentan-2-yhbiphenyl-2-olydimethyl-hafniam;

[0082] (22" -(propane-1,3-diyihis{oxy)bis(3-(3.6-di-tert-butyl-9H-carbazol-9-yH)-5'-fluoro-

3methyl-3-(2.4 4-trimethyipentan-2-yDbiphenyl-2-oljdimethyl-hafuiom;

[0083] (272"-{propane-1.3-diyibis{oxy)bis{3-(9H-carbazoi-9-y1)-5'-chloro-3-methyl-5-

(2,4 4-mimethylpentan-2-yhbiphenyi-2-olydimethyl-hafnium;

[0084] (22" {propane-1,3-diyibis{oxy)bis(3-(3.6-di-tert-butyl-OH-carbazol-9-y1)-3"-methyl-

5 triffuoromethyl-5-(2 4 4-trivocthylpentan-2-vhbiphenvl-2-olydimethyl-hatoniom;

[0085] (2'.27-(2,2-divaethyl-2-silapropane-1,3-diylbis{ox y Dbis(3, 5 -dichloro-3-(3,6-di-tert-

butyl-9H-carbazol-8-v1}-5-(2.4,4-trimethyipentan-2-yhibiphenyl-2-ol\dimethyl-hafnium;

[0086] (2272, 2-dimethyl-2-silapropane- 1 -divibis{oxybis(§'-chloro-3-(3,6-di-tert-butyl-9

carbazol-9-y1)-3'-methyl-5-(2,4.4 rimethylpentan-2-yUbiphenyl-2-ol)dimethyl-hafnium;

[0087] (2',2"-{propuene-1,3-diyibis{oxy)bis(3-bromo-§'-chloro-3-(3,6-di-tert-butyl-9H-

carbazol-9-y1}-5-(2.4 4-trimethylpentan-2-ylbiphenyl-2-ohdimethyl-hafniom;

[0088] 21,27 -{propane-1,3-diylbistoxy))-(§'-chloro-3-(3,6-di-tert-botyl-9H-carbazol-9-y1)-3'-
flupro-5-{2,4 4-trimethylpentan-2-yibiphenyi-2-ol}-( 3",5"-dichloro-3-(3,6-di-tert-butyl-9H-

carbazol-9-y)-5-(2.4 4-trimethylpentan-2-yhbiphenyl-2-oDdimethyl-hafniurg
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[0089] (27,27 -(propane-1.3-diylbis{oxy))bis(3-(3,6-di-tert-butyl-8H-carbazol-9-y1)-§-fluoro-

3% wifluoromethyl-5-(2,4 4-trimethylpentan-2-yhbiphenyl-2-olydimethyl-hafninm:

[0090] (27,2"-{butane-L4-diyibis{oxybis(5'-chioro-3-(3,6-di-tert-butyl-9H-carbazol-9-y13-3'-

methyl-5-(2,4 4-trimethyipentan-2-yUbiphenyl-2-olydimethyl-hafnium;

[0091] (272"~ (cthane-1,2-divibis(oxyNbis(S'-chlorn-3-(3,6-di-tert-butyl-9H-carbazol-9-y1)-3'-

methyi-5-(2,4, 4-trimethyipentan-2-yhbiphenyl-2-oldimethyl-hafnivm;

[0092] (22" -(propane-1,3-diylbis{oxy))bis(5'-chloro-3-(3,6-di-tert-butyl-9H-carbarol-9-y1)-

3methyl-5-(2,4. 4-trimethylpentan-2-ylbiphenyl-2-ol)dimethyl-zirconium;

[0093] (2'.2"-(propane-1,3-diyibis{oxy))bis(3-(3,6-di-tert-butyl-9H-carbazol-8-v1)-3'.5"-

dichloro-5-(2,4 4-trimethvlpentan-2-yUbiphenyl-2-ohdimethyi-tianium; and

[0094] (22" -(propane-1,3-diyibis{oxy)bis{5'-chloro-3-(3,6-di-tert-butyl-9H-carbazol-9-vi)-

3methyl-53-(2,4 4-trimethyipentan-2-ylibiphenyl-2-oDdimethyi-titanium.

[0095] Other bis-biphenviphenoxy metal-ligand complexes that may be used in combination
with the metallic activators in the catalyst systems of this disclosure will be apparent to those

skitled in the art.

[0096] According to some embodiments, the Group IV metal-ligand complex may include a

Group IV metal-ligand complexes according to formula (XV):
[0097] LpiMX, X', X", or a dimer thereof (XV).

[0098] In formula (XV), Lp is an anionic, delocalized, n-bonded group that is bound to M,
containing up to 50 non-hydrogen atoms. In some embodiments of formula (XV), two Lp groups
may be joined together forming a bridged structure, and further optionally one Lp may be bound

to X.

[0099] In formula (XV), M is a metal of Group 4 of the Periodic Table of the Elements in
the +2, +3 or +4 formal oxidation state. X is an optional, divalent substituent of up to 50 non-

hydrogen atoms that together with Lp forms a metallocycle with M. X' is an optional neutral
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ligand having up to 20 non hydrogen atoms; each X" is independently a monovalent, anionic
moiety having up to 40 non-hydrogen atoms. Optionally, two X" groups may be covalently
bound together forming a divalent dianionic moiety having both valences bound to M, or,
optionally two X" groups may be covalently bound together to form a neutral, conjugated or
nonconjugated diene that is w-bonded to M, in which M is in the +2 oxidation state. In other
embodiments, one or more X" and one or more X' groups may be bonded together thereby
forming a moiety that is both covalently bound to M and coordinated thereto by means of Lewis

base functionality.

[00100] ustrative constrained geometry Group IV complexes that may be employed in the

practice of the present invention include:

[00101] cyclopentadienyltitaniumirimethyl;

[00102] cyclopentadienyltitaniumtriethyl;

[00103] cyclopentadienyltitaniumiriisopropyl;

[00104] cyclopentadienyititaniumtriphenyl;

[00105] cyclopentadienyltitaniumiribenzyl;

[00106] cyclopentadienylitanium-2,4-diroethylpentadienyl;

[00107] cyclopentadienyliitanium-2, 4-dimethyipentadienylstriethyiphosphine;
[00108] cyclopentadienyliitanium-2,4-dimethylpentadienyletrimethylphosphine;
[00109] cyclopentadienyltitaniumdimethylimethoxide;

[00110] cyclopentadienyltitaniumdimethylchloride;

[00111] pentamethyleyelopentadienyiitaniumtrimethyl;

[00112] indenyititaniumtrimethyl;

[00113] indenyititaniumtriethyl;
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[00114] indenyltitaniumiripropyl;
[00115] indenyititanivmiriphenyl;
[00116] tctrahydroindenyltitaniumiribenzyl;
[00117] pentamethylcyclopentadienyltitaniumiriisopropyl;
[00118] pentamethylcyclopentadicnyltitaniumitribenzyl;
[00119] pentamethyicyclopentadicnyititaninmdimethylmethoxide;
[00120] pentamethylcyclopentadienyltitaniumdimethyichioride;
[00121] s(ns -2, 4-dimethylpentadienybititanium;
[00122]  bis(xy’-2.4-dimethylpentadienyltitaniumetrimethylphosphine;
[00123] bi s(?f -2,4-dimethylpentadienyhtitaniumetriethyiphosphine;
[00124] octahydrofluorenyltitaninmirimethyl;
[00125] tetrabydroindenyltitaniunmitrimethyl;
[00126] tetrabydrofluorenvititaniumirimethyl;

[00127] {tert-butylamido)( 1.1 -dimethyl-2,3,4,9,16-1-1.4,5,6,7 &

hexahydronaphthalenylidimethylsilanctitanivmdimethyl;

[00128] ({tert-butylamido)(1,1,2 3-tetramethyl-2,3,4,9,10-n-1.4,5,6,7 &

hexabydronaphthalenyldimethylsilanetitantiomdimethyl;

[00129]  (tert-butvlanido)tetramethyl-n -cyclopentadienyl) dimethylsilanetitanium dibenzyl;
[00130]  (tert-butylamido)(tetramethyl-n -cyclopentadienyldimethylsilanctitanium dimethyl;
[00131]  (tert-butylamido)(tetramethyl-n -cyclopentadienyl)-1,2-cthanedivititanium dimethyl;

[00132]  (tert-butylamido)tetramethyl-n -indenyDdimethylsilanctitanium dimethyl;
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[00133]  (tert-butylansido)tetramethyl-n -cyclopentadienyDdimethylsilane titanium (111 2-

{dimethylaminobenzylh
[00134]  (tert-butylamido)(tetramethyl-n -cyclopentadienyldimethylstlanetitanivm (1) aflyl;

[00135]  (test-butviamidotetramethyl-n -cyclopentadienyhdimethylslanetitanium (1) 2.4-

dimethylpentadienyl;

[00136]  (tert-butylamido)(ietramethyl-n -cyelopentadienyldimethylsilanetitanium (1) 1.4-

diphenyl-1,3-butadiene;

[00137]  (teri-butylamido)(tetramethyl-n -c yelopentadienyldimethylsilanetitanium (1D 1,3

pentadiene;

[00138] (tert-butylamido)2-methylindenyhidimethylsilanetitanivm (1) 1 .4-diphenyl-1.3-

butadiene;
[00139] {tert-butylamido)2-methylindenyhdimethylsilanetitanium (1) 2. 4-hexadiene;

[00140] ({tert-butylamido)2-methylindenyhdimethylsilanetitaniom (IV) 2,3-dimethyi-1,3-

butadiene;
[00141]  {tert-butvlamdoy2-methylindenyvhdimethylsilanetitaninom (IV) isoprene;
[00142] {tert-butylamudo)2-methyhindenyldimethyisilanetitaniom (IV) 1,3-butadiene;

~

[00143] (tert-butylamido)2,3-dimethylindenyhidimethylsilanetitanivm (IV) 2,.3-dimethyl-1.3-

butadiene;
[00144] Gert-butylamido) 2, 3-dimethyvlindenyDdimethvistlanetitanivg (IV) isoprene:

o v » o p
[00145] (tert-butylamido 2, 3-dimethylindenvhdimethvisilanetitaniim (V) dimethyl;

v }' » o »
[00146] (tert-butylamido)2,3-dimethylindenylidimethvistlanetitanium (IV) dibenzyl;
[00147] Gert-butylamido) 2, 3-dimethylindenvhdimethyistlanetitanium (V)Y 1.3-butadiene;

\ o \ o - o {\

[00148] {tert-butvlamido )2, 3-dimethylindenyhdimethylsilanetitanium () 1,3-pentadiene;
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[00149]  (tert-butylamidoy(2,3-dimethylindenyhdimethylsilanetitanium (31 1,4-diphenyl-1,3-

butadiene;

[00150] {tert-butylamido)2-methylindenyDdimethylsilanetitaninm (1) 1.3-pentadicne;
[00151] {tert-butylamido)2-methylindenyhdimethylsilanetitaniom (1V) dimethyl;
[00152] {tert-butylamido)2-methylindenyhdimethyisilanetitaniom (1V) dibenzyl;

[00153] {tert-butylamido)2-methyi-4-phenvlindenyDdimethylsilasetitantom (b 1.4~

diphenyl-1,3-butadiene;

[00154] ({tert-butvlamido)(2-methyl-4-phenylindenyiydimethylsilanetitaninm (0} 1,3-

pentadiene;

[00155] (tert-butylamido)2-moethyl-4-phenvlindenyldimethylsilanetitanium (1) 2,4-

hexadiene:

[00156]  <tert-butylamido)(tetramethyi-n -cyclopentadienyl)dimethyl-silanetitanium (IV) 1,3-

butadiene;

[00157]  (tert-butylamido)(tetramethyl-n -cyclopentadienyldimethylsilanetitanium (IV) 2,3-
dimethyl-1,3-butadienc;

[00158]  (tert-butylamido)tetramethyi-n -cyclopentadicnyDdimethylsilanetitanium (JV)
isoprene;

[00159]  (tert-butylamido)(tetramethyt-n -cyclopentadienyljdimethyl-silanetitanium (I1) §.4-

dibenzyl-1,3-butadiene;

[00160] (tert-butylamido)(ietramethyl-n -cyclopentadienyldimethylsilanetitanium (1) 2.4-

hexadiene:

[00161]  (tert-butylamido)tetramethyl-n -cyclopentadienyl)dimethyl-silanetitanium (1) 3-

methyl-1,3-pentadiene;

[00162] (tert-butylamido)2.4-dimethyipentadien-3-yldimethylsilanetitaninmdimethyl;
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[00163] (tert-butylamido)6,6-dimethylcyclohexadienylydimethylsitanetitaniumdimethyi;

[00164] {tert-butyvlamadoy(d, I-diroethyl-2,3,4.9,10-1-1.4,5,6,7 8-hexahydronaphthalen-4-

yhdimethvlsilanetitanivmdimethyl;

[00165] {tert-butvlamidoy(d, 1,2, 3-tetramethyl-2,3.4,9,10-1-1,4,5,6,7,8-hexahydronaphthalen-

4-yhdimethylsilanetitamumdimethyl;

[00166]  (tert-butylamido)(ietramethyl-n” ~cyclopentadienyl methylphenylsilanctitanium (IV)

dimethyl;

[00167] (teri-butylamido)(tetramethyi-n® ~cyclopentadicnyl methylphenylsilanetitaniom (1D

1,4-diphenyi-1,3-butadiene;

[00168]  1-(tert-butylamido)-2-(tetramethyly -cyclopentadienyljethanediyititanium (IV)

dirnethyl;

[00169] 1 -(tert-butylamido)-2-(tetramethyl-y’ -cyclopentadienylethanediyi-titanium (I 1,4-

diphenyl-1.3-butadiene;

[00170] Other catalysts, especially catalysts containing other Group IV metal-ligand

complexes, will be apparent to those skilled in the art.

[00171] The catalyst systems of this disclosure may include co-catalysts or activators in
addition to the metallic activator ionic complex having the anion of formula (I) and a
countercation. Such additional co-catlaysts may include, for example, tri(hydrocarbyhalominum
compounds having from 1 to 10 carbons in cach hydrocarbyl group, an oligomeric or polymeric
alumoxane compound, di(hydrocarbyhihydrocarbyloxyaluminems compound having from 1 to
20 carbons in each hydrocarbyl or hydrocarbyloxy group, or mixtures of the foregoing
compounnds. These aluminum componnds are usefully employed for theilr beneficial ability o

scavenge impurities such as oxygen, water, and aldehydes from the polymerization mixtare.

[00172] The di(hydrocarbylyhydrocarbyloxylaluminum compounds that may be uvsed in
conjunction with the activators described in this disclosure correspond to the formala THAIOT?

or T{ANOT?); wherein T is a secondary or tertiary (C3—Cylalkeyl, such as isopropyl, isobutyl or
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tert-butyl; and T ‘s a alkyl substituted (Ce-Chgdaryl radical or aryl substituted {C-Chgpalkoyl
radical, such as 2.6-di(feri-butyl)-4-methyiphenyvl, 2,6-di{rers-butyl-4-methyiphenyl, 2.6-di{fert-

butyl}-4-methyltolyl, or 4-(3',5 -di-fert-butyltolyl)-2,6-di-fers-butylphenyl.

[00173] Additional cxamples of aluminum coropounds include [Cgltnialkyl aluminum
compounds, especially those wherein the alkyl groups ave ethyl, propyl, isopropyl, n-buivi,
isobutyl, pentyl, neopentyl, or isopentyl, dialkvl{arvioxyjalurainum compounds containing from
1-6 carbons in the alkyl group and from 6 to 18 carbons in the aryl group (especially (3,5-di{t-
butyl)-4-methyiphenoxy)diisobutylaluminum), methylalumoxane, meodified methylalumoxane

and ditsobotylalomoxane.

[00174] o the catalyst systems according (o emwbodiments of this disclosure, the wolar ratio
of the metallic activator ionic complex to Group IV metal-ligand complex may be from
1:10,000 to 1000:1, such as, for cxample, from 1:5000 to 100:1, from 1:100 to 100:1 from 1:10
to 101, from 1:5 to 11, or from 1.25:1 to 111, The catalyst systems may include combinations

of one or more metallic activator ionic complex described in this disclosure.

[00175] ‘the catalyst systems of this disclosure may include co-catalysts or activators in
addition to the metallic activator iouic complex having the anion of formula (I} and a
countercation. Such additional co-catalysts may include, for example, trithydrocarbybaluminom
cormpounds having from 1 to 10 carbons in each hydrocarbyl group, an oligomeric or polymeric
alamoxane compound, dithydrocarbylithydrocarbyloxyalominams compound having from 1 to
20 carbons in each hydrocarbyl or hydrocarbyloxy group, or mixtures of the foregoing
compounds. These aluminum componnds are usefully employed for their beneficial ability to

scavenge impurities such as oxygen, water, and aldehydes from the polymerization mixture.

[00176] The di{hydrocarbyli(hydrocarbyloxyjaluminum compounds that may be uvsed in
conjunction with the activators described in this disclosure correspond to the formula THAIOT?
or T1AXOT?),; wherein T' is a secondary or tertiary (Cs—Cgalkyl, such as isopropyl, isobuty! or
feri-butyl; and T? is a alkyl substituted (Ce-Capdaryl radical or aryl substituted (C-Cygalkyl
radical, such as 2,0-di{ferr-butyly-4-methyiphenyl, 2,6-di(ters-butyl)-4-methyiphenyl, 2,6-di{vers-

butyl}-4-methyltolyl, or 4-(3,5 -di-terr-butyltolyl}-2,6-di-ters-butylphenyl.
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[00177] Additional examples of aluminum compouvnds include [Cgltrialkyl aluminum
compounds, especially those wherein the alkyl groups are ethyl, propyl, isopropyl, n-butyl,
isobutyl, pentyl, neopentyl, or isopentyl, dialkyl{aryloxy)alaminum compounds containing from
1-6 carbons in the alkyl group and from 6 to 18 carbons in the aryl group {especially (3,5-di(t-
butyl}-4-methylphenoxy)diisobutylaluminom), methylalumoxane, modified mcthylalumoxane

and diisobutylalumoxane.

[00178] In the catalyst systems according to embodiments of this disclosure, the molar ratio
of the metallic activator ionic complex to Group IV metal-ligand complex may be from
1:10,000 to 1000:1, such as, for example, froro 115000 to 100:1, from 11100 to 100:1 from 1110
to 10:1, from 1:5 to 1:1, or from 1.25:1 to 1:1. The catalyst systems may include combinations

of one or more metallic activator ionic complex described in this disclosure.
Polyolefins

[00179] The catalytic systerns described in the preceding paragraphs are utilized in the
polymerization of olefins, primarily ethylene and propylene. In some embodiments, there is
only a single type of olefin or a-olefin in the polymerization scheme, creating a homopolymer.
However, additional g-olefins may be incorporated into the polymerization procedure. The
additional g-olefin co-monomers typically have no more than 20 carbon atoms. For example, the
g-olefin co-monomers may have 3 to 10 carbon atoms or 3 to 8 carbon atoms. Exemplary a-
olefin co-monomers include, but are not limited to, propylene, 1-butene, 1-pentene, 1-hexene, 1-
heptene, l-octene, l-nonene, l-decene, 4-methyl-l-pentene, S-cthyldiene-2-norbornene, and
5-vinyl-Z-norbornene. For example, the one or more w-olefin co-monomers may be selected
from the group consisting of propylenc, i-butene, 1-hexene, and 1-octene; or in the alternative,

from the group consisting of I-hexene and -octene.

[00180] Ethylene-based polymers, for example homopolymers and/or interpolymers
(including copolymers) of ethylene and optionally one or more co-monomers such as a-olefins,
may coraprise from at least 50 mole percent (mol%) monomer units derived from ethylene. All
individoal values and subranges encompassed by “from at least mole percent” are disclosed
hercin as separate embodiments; for cxample, the ethylene-based polymers, homopolymers

and/or interpolymers {incinding copolymers) of ethylene and optionally one or more co-
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monomers such as a-olefins may comprise at least 60 mole percent monomer units derived from
ethylene; at least 70 mole percent monomer units derived from ethylene; at least 80 mole percent
monomer units derived {rom ethylene; or from 50 to 100 mole percent monomer units derived

from ethylene; or from 80 to 100 mole percent units derived from ethylene.

[00181] in some embodiments, the polymerization process of this disclosure produces
cthylene-based polyraers that may comprise at least 90 mole percent units derived from
ethylene. All individual values and subranges from at least 90 mole percent are included herein
and disclosed herein as separate embodiments. For example, the ethylene-based polymers may
comprise at least 93 mole percent units derived from ethylene; at least 96 mole percent units; at
least 97 mole percent units derived from ethylene; or in the alternative, from 90 to 100 mole
percent units derived from ethylene; from 90 to 99.5 mole percent units derived from cthylene;

or from 97 to 99.5 mole percent units derived from ethylene.

[00182] In some embodiments of the ethylene-based polymer, the ethylene-based polymers
may comprise an amount of (Cs—Cap)a-olefin. The amount of (C3—Cap)ct-olefin is less than
50 mole percent. In some embodiments, the ethylene-based polymer may include at least 0.5
mole percent to 25 mol% of (C3—Cyo)o-olefin; and in further embodiments, the ethylene-based
polymer may include at least 5 mol% to 10 mol% of (C3—Cap)a-olefin. In some embodiments,

the (C3—Cy4p)0r-olefin is 1-octene.

[00183] Any conventional polymerization process, in combination with a catalyst system
according to embodiments of this disclosure may be used to produce the ethylene-based
polymers. Such conventional polymerization processes include, but are not limited to, solution
polymerization processes, gas phase polvmerization processes, slurry phase polymerization
processes, and combinations thereof using one or more conventional reactors such as loop
reactors, isothermal reactors, fhuidized bed gas phase reactors, stirred tank reactors, batch

reactors in parallel, series, or any combinations thereof, for example.

[00184] In one embodiment, the cthylene-based polymer may be produced via solution
polymerization in a duoal reactor system, for example a dual loop reactor system, wherein
ethylene and optionally one or more ¢-olefins are polymerized in the presence of the catalyst

systern, as described herein, and optionally one or more co-catalysts. In another embodiment, the
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ethylene-based polymer may be prodaced via solution polymerization in a dual reactor systern,
for example a dual loop reactor system, wherein ethylene and optionally one or more ¢t-olefins
are polymerized in the presence of the catalyst system in this disclosure, and as described herein,
and optionally one or more other catalysts. The catalyst system, as described herein, can be used
in the first reactor, or second reactor, optionally in combination with one or more other catalysts.
In one embodiment, the ethylene-based polymer may be produced via solution polymerization in
a dual reactor system, for example a dual loop reactor system, wherein ethylene and optionally
one or more ¢-olefins are polymerized in the presence of the catalyst system, as described

herein, in both reactors.

[00185] In ancther embodiment, the ethylene-based polymer may be produced via solution
polymerization in a single reactor system, for example a single loop reactor system. in which
ethylene and optionally one or more w-olefins are polymerized in the presence of the catalyst

system, as described within this disclosure.

[00186] The polymer process may further include incorporating one or more additives. Such
additives include, but are not limited to, antistatic agents, color enhancers, dyes, hbricants,
pigments, primary antioxidants, sccondary antioxidants, processing aids, UV stabilizers, and
combinations thereof. The ethyiene-based polymers may contain any amounts of additives. The
ethylene-based polymers may comprise from about § to about 10 percent by the combined
weight of such additives, based on the weight of the ethylene-based polymers and the one or
more additives. The ethylene-based polymers may further comprise fillers, which may include,
but are not Hmited to, organic or inorganic fillers. The ethylene-based polymers may contain
from about 0 to about 20 weight percent fillers sach as, for example, calcium carbonate, talc, or
Mg(OH),, based on the combined weight of the cthylene-based polymers and all additives or
fillers. The ethylene-based polymers may further be blended with one or more polymers to form

a blend.

[00187] In some embodiments, a polymerization process for producing an ethylene-based
polymer may include polymerizing ethylene and at least one additional o-olefin in the presence
of a catalyst system, wherein the catalyst system incorporates at least one metal-ligand complex

and a metallic activator ionic complex. The polymer resulting from such a catalyst system that
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incorporates the metal-ligand complex and the metallic activator ionic complex may have a
density according to ASTM D792 (incorporated herein by reference in its entirety) from
0.850 g/cm’ to 0.950 g/cm®, from 0.870 g/em® to 0.920 g/em?, from 0.870 g/em’ to 0.910 g/em’,
or from 0.870 g/cm’ to 0.900 g/cm?, for example.

[00188] In another embodiment, the polymer resulting from the catalyst system that includes
the metal-ligand complex and a metallic activator ionic complex has a melt flow ratio (I;¢/I,)
from 5 to 15, in which melt index I, is measured according to ASTM D1238 (incorporated
herein by reference in its entirety) at 190 °C and 2.16 kg load, and melt index Ijo is measured
according to ASTM D1238 at 190 °C and 10 kg load. In other embodiments the melt flow ratio

(I1o/1p) is from 5 to 10, and in others, the melt flow ratio is from 5 to 9.

[00189] In some embodiments, the polymer resulting from the catalyst system that includes
the metal-ligand complex and the metallic activator ionic complex has a molecular-weight
distribution (MWD) from 1 to 25, where MWD is defined as M/M, with M,, being a weight-
average molecular weight and M, being a number-average molecular weight. In other
embodiments, the polymers resulting from the catalyst system have a MWD from 1 to 6.
Another embodiment includes a MWD from 1 to 3; and other embodiments include MWD from

1.5t02.5.

[00190] Embodiments of the catalyst systems described in this disclosure yield unique

polymer properties such as narrow composition and narrow molecular weight.
Batch Reactor Procedure

[00191] A 2 L Parr reactor is used for all polymerization experiments. The reactor is heated
via an electrical heating mantle and is cooled via an internal serpentine cooling coil containing
water. Both the reactor and the heating/cooling system are controlled and monitored by a
Camile TG process computer. All chemicals used for polymerization or catalyst makeup were
run through purification columns. 1-octene, toluene, and Isopar-E (a mixed alkanes solvent
available from ExxonMobil, Inc.) are passed through 2 columns, the first containing A2
alumina, and the second containing QS5 reactant (available from Engelhard Chemicals Inc.).

Ethylene gas is passed through two columns, the first containing A204 alumina and activated 4A
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molecular sieves, the second containing Q5 reactant. Hydrogen gas is passed through Q5
reactant and A2 alumina. Nitrogen gas is passed through a single column containing A204
alumina, activated 4A° molecular sieves and Q5 reactant. Catalyst and metallic activator ionic

complex solutions are handled in a nitrogen-filled glovebox.

[00192] The load column is filled with Isopar-E and 1-octene to the load setpoints by use of
an Ashcroft differential pressure cell, and the material is transferred into the reactor. Once
complete, the reactor immediately begins heating toward the reaction setpoint. Hydrogen gas
(as specified) is loaded into the reactor, via a shot tank with an internal volume of approximately
75 mL, immediately following the solvent/comonomer addition. Triethylaluminum (AlEts) (10
umol) solution is added to the reactor via the shot tank once 25 °C prior to the setpoint. At
10 °C prior to reaching the setpoint, ethylene is added to the specified pressure as monitored via
a micro-motion flow meter. Then, dilute toluene solutions of catalyst and metallic activator ionic
complex (as specified) are mixed, transferred to the shot tank, and added to the reactor to begin
the polymerization reaction. The polymerization conditions are maintained for 10 minutes with
supplemental ethylene added on demand to maintain the specified pressure. Exothermic heat
was continuously removed from the reaction vessel via the internal cooling coil. The resulting
solution was removed from the reactor and stabilized by addition of 5 mL of a toluene solution
containing approximately 33.5 mg of a hindered phenol antioxidant (Irganox 1010 from Ciba
Geigy Corp.) and 66.5 mg of a phosphorus stabilizer (Irgafos 168 from Ciba Geigy Corp.). The
produced polymers are recovered by evaporating in a hood overnight and then drying for about
12 h in a temperature-ramped vacuum oven with a final set point of 140 °C. Between
polymerization runs, at least one wash cycle is conducted in which Isopar-E (850 g) is added,
and the reactor is heated to a setpoint between 160 °C and 190 °C. Then the reactor is emptied of

the heated solvent immediately before beginning a new polymerization run.
EXAMPLES

[00193] Examples 1-2 are synthetic procedures for intermediates of Activator 1 and Example
3 is the synthetic procedure for Activator 1. Examples 4-6 are synthetic procedures for
intermediates of Activator 2 and Example 7 is the synthetic procedure for Activator 2. Example

8 is the synthetic procedure for the intermediate of Activator 3 and Example 9 is the synthetic
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procedure for Activator 3. In Example 10, various activators were used to synthesize polymer
resins. The polymer resin characteristics were measured and recorded in Tables 1-7. One or

more features of the present disclosure are illustrated in view of the examples as follows:

[00194]  Example 1: Synthesis of Activator 1 precursor — Synthesis of Lithium

Tetrakis(pentafluorophenyl)aluminate

F
F F
®
F. FF FF FL oo
F F E F
F F
F F
F

[00195] In a nitrogen-filled glovebox, a 100 mL round-bottom flask was charged with
bromopentafluorobenzene (1.0 mL, 8.02 mmol, 4 equiv.) and diethyl ether (17 mL). The vessel
was sealed with a septum, removed from the box, and attached to a nitrogen-filled Schlenk line.
The reaction was cooled in a dry ice/isopropanol bath for 2 h. A 1.65 M solution of n-BuLi in
hexane (4.86 mL, 8.02 mmol, 4.0 equiv.) was added dropwise. The reaction was stirred at —78°C
for 20 min. A solution of AICI; (267.4 mg, 2.00 mmol, 1 equiv.) in diethyl ether (5.5 mL) was
added via syringe. The AICl; solution vial was rinsed with additional diethyl ether (5.5 mL) and
this was added to the solution. The solution was slowly heated to room temperature and stirred
for a total of 18 h, forming a solid participated in the solution. The suspension was transferred
back into the glovebox. The suspension was passed through a 0.45 pm syringe filter in line with
a 0.2 um syringe filter. The filters were washed twice with 4 mL of diethyl ether. The combined
filtrates were concentrated in vacuo to yield a thick oil with some white precipitate. The white
precipitate was triturated with hexane (10 mL), and all volatiles were removed in vacuo to afford
an off-white solid. The residue was dissolved in toluene (10 mL). The solution was passed
through a 0.45 um syringe filter in line with a 0.2 um syringe filter. The filter was washed twice
with 5 mL of toluene, and the combined filtrates were concentrated in vacuo to yield a clear oil.

The material was triturated with hexane (10 mL) and dried in vacuo (this process was repeated
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for a total of two times) to afford 1.63 g of the product as a white solid, a 96% yield. The yield

was calculated based up two equivalents of diethyl ether coordinated to the lithium cation.

[00196] 'H NMR (400 MHz, THF-ds) & 3.38 (q, J = 7.0 Hz, 1H), 1.11 (t, J = 7.0 Hz, 1H). °F
NMR (376 MHz, THF-ds) 6 -119.03 (8F, d, J = 26.8 Hz), -156.28 (4F, t, J = 19.1 Hz), -162.09
(8F, ddd, J = 30.4, 19.1, 12.3 Hz). ®C NMR (126 MHz, THF-dg) 5 149.23 — 148.19 (m), 147.45
—146.27 (m), 139.76 — 138.75 (m), 137.67 — 136.72 (m), 135.51 — 134.77 (m), 133.80 — 132.64
(m), 63.43, 12.79. “’A1 NMR (104 MHz, THF-dg) & 116.34. HRMS (ESI) Calculated for
CoAlFy [M] 694.9502; found 694.9465.

[00197] Example 2: Synthesis of Activator 1 countercation: Synthesis of Armeenium M2HT
Chloride

CisHs7
C13H37—I}I'Me Cl
H

[00198] In a nitrogen-filled glovebox, Armeen M2HT, a di-hydrogenated tallow alkyl methyl
amine available from Akzo-Nobel, (5.36 g, 10.0 mmol, 1 equiv.) was dissolved in hexane (150
mL). A 2 M solution of HCI in diethyl ether (5.0 mL, 10.0 mmol, 1 equiv.) was slowly added
dropwise to the stirring amine solution, resulting in the immediate precipitation of a white solid.
The suspension was stirred at room temperature for 15 min. The precipitated solid was
voluminous and fine, producing a thick gel-like suspension. The suspension was attempted to be
filtered, however it did not pass through the filter. The suspension was transferred back into a

glass jar and dried in vacuo to yield 4.76 g of a white solid, a 83% yield.

[00199] 'H NMR (400 MHz, Toluene-dg) & 13.02 — 12.71 (m, 1H), 2.90 (dtd, J = 43.2, 12.4,
6.8 Hz, 4H), 2.67 (d, J = 4.7 Hz, 3H), 1.72 (ddt, J = 50.3, 13.3, 6.7 Hz, 4H), 1.32 (d, J = 22.5
Hz, 60H), 0.91 (t, J = 6.6 Hz, 6H). >*C NMR (101 MHz, Toluene-ds) & 54.75, 39.08, 32.03,
30.00, 29.98, 29.95, 29.92, 29.86, 29.53, 29.48, 27.04, 23.62, 22.77, 13.96.
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[00200] Example 3: Synthesis of Activator 1

F
FALF
CigHs7
Y F CX8,
By Fol RF C18H37@‘}’ Me
FF F | F F
FUAUF
FY F
F

[00201] In a nitrogen-filled glovebox, lithium tetrakis(pentafluorophenyl))aluminate (1.40 g,
1.65 mmol, 1 equiv.), Armeenium M2HT chloride (0.943 g, 1.65 mmol, 1 equiv.), and toluene
(35 mL) were stirred at room temperature for 1 hour, resulting in a slightly hazy solution. The
solution was filtered through a 0.45 pm syringe filter in line with a 0.2 um syringe filter. The
combined filtrates were concentrated in vacuo to yield a hazy oil. The material was triturated
with hexane (5 mL) and dried in vacuo (this process was repeated for a total of two times) to

yield 1.72 g of the product as a hazy oil, a 85% yield.

[00202] 'H NMR (400 MHz, Toluene-ds) 5 4.22 (br s, 1H), 2.06 — 1.95 (m, 4H), 1.68 (s, 3H),
1.40 — 1.18 (m, 60H), 1.17 — 1.06 (m, 4H), 0.97 — 0.88 (m, 6H). '’F NMR (376 MHz, Toluene-
dg) & -121.84 (8F, dd, J = 29.6, 11.3 Hz), -156.99 (4F, t, J = 19.6 Hz), -163.42 8F, (ddd, J =
30.5, 19.2, 11.8 Hz). *C NMR (101 MHz, Toluene-dg) 8 151.65 — 150.79 (m), 149.45 — 148.52
(m), 141.99 — 141.30 (m), 139.48 — 138.79 (m), 138.07 — 137.35 (m), 135.70 — 134.90 (m),
56.54, 39.71, 32.00, 31.60, 29.86, 29.85, 29.80, 29.79, 29.73, 29.54, 29.49, 29.34, 28.89, 25.953,
23.88, 22.73, 13.87. 2’Al NMR (104 MHz, Toluene-dg) 6 115.71. HRMS (ESI) Calculated for
CyHziN [M*] 536.6129; found 536.6145. Calculated for CaAlFy [M7] 694.9502; found
694.9520.
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[00203] Example 4: Synthesis of the Activator 2 precursor 1 - Tris(pentafluorophenyl)alane

toluene adduct

F K F F
F F
F Al F
F. F
F F

[00204] In a nitrogen-filled glovebox, a solution of tris(pentafluorophenyl)borane (0.250 g,
0.488 mmol, 1 equiv.) was dissolved in toluene (I mL). A solution of trimethylaluminum
(47 pL, 0.488 mmol, 1 equiv.) in hexane (4 mL) was added to the toluene solution. The reaction
was stirred at room temperature for 3 h. After approximately 5 min, a white precipitate formed.
The vial was placed in a =30 °C freezer for 2 days. The solid was filtered, washed with cold
(=30 °C) hexane, and dried in vacuo to afford 0.203 g of the product as a white solid, a 72%
yield.

[00205] 'H NMR (400 MHz, Toluene-ds) § 7.14 — 7.07 (m, 2H), 7.05 — 7.01 (m, 1H), 7.00 —
6.95 (m, 2H), 2.12 (s, 3H). "’F NMR (376 MHz, Toluene-ds) & -122.86 (6F, ddd, J = 23.0, 8.0,
4.4 Hz), -151.08 (3F, tt, J = 20.1, 2.9 Hz), -160.58 — -161.05 (6F, m).

[00206]  Example 5: Synthesis of Activator 2 precursor 2 - Lithium pentafluorophenolate

OLi

[00207] In a nitrogen-filled glovebox, a solution of 1.6 M n-BuLi in hexane (10.7 mL,
17.1 mmol, 1.05 equiv.) was added dropwise to a stirring solution of pentafluorophenol (3.00 g,
16.3 mmol, 1 equiv.) in hexane (50 mL). Immediately, a white solid precipitated from solution.
The reaction was stirred at room temperature for 1 h. The solid was filtered, washed with

hexane, and dried in vacuo to afford 2.85 g of the product as a white solid, 92% yield.
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[00208] '°F NMR (376 MHz, THF-ds) & -168.96 (dd, J = 18.8, 12.6 Hz, 2F), -169.97 — -
170.24 (m, 2F), -185.62 — -186.98 (m, 1F). *C NMR (101 MHz, THF-ds) § 145.94 — 145.06
(m), 143.77 (tt, J = 8.5, 3.3 Hz), 141.98 — 141.08 (m), 139.77 — 138.51 (m), 130.32 (dtt, J =
232.0, 14.4, 4.7 Hz).

[00209] Example 6: Synthesis of Activator 2 precursor 3 — Lithium

(Perfluorophenoxy)tris(perfluorophenyl)aluminate

P
FOAF
@
LA LIF
F—@—%l—o—@—l:
FF FF
FAF
FY F
F

[00210] In a nitrogen-filled glovebox, a suspension of tris(pentafluorophenyl)alane toluene
adduct (121.4 mg, 0.211 mmol, 1 equiv.) in toluene (1 mL) was added to a vial containing
lithium pentafluorophenolate (40.2 mg, 0.211 mmol, 1 equiv.). The tris(pentafluorophenyl)alane
vial was washed four times with 0.5 mL of toluene, and toluene from the washes were added to
the reaction. After a few minutes, a clear solution was obtained. The reaction was stirred at room
temperature for 18 h, yielding a slightly yellow clear solution. The solution was passed through
a 0.45 pm syringe filter in line with a 0.2 pm syringe filter. The filters were washed twice with 1
mL of toluene, and the combined filtrates were concentrated in vacuo to afford a slightly hazy
thick oil. The oil was triturated with hexane (5 mL) and concentrated in vacuo (this process was
repeated for a total of two times) to afford 0.1673 g of the product as a slightly hazy thick oil, a

98% yield. The yield was calculated as the mono-toluene adduct.

[00211] '°F NMR (376 MHz, Toluene-ds) § -126.98 — -127.43 (m, 6F), -151.95 (t, J = 19.4
Hz, 3F), -158.78 (d, J = 21.6 Hz, 2F), -159.89 — -160.72 (m, 6F), -163.53 (td, J = 21.0, 3.4 Hz,
2F), -164.46 (tt, J = 22.2, 4.2 Hz, 1F). *C NMR (101 MHz, Toluene-ds) § 151.61 — 150.20 (m),
149.26 — 147.93 (m), 143.23 — 142.35 (m), 142.27 — 141.74 (m), 138.80 — 137.65 (m), 136.00 —
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135.01 (m). 2TAl NMR (104 MHz, Toluene-dg) 6 120.11 (br). HRMS (ESI) Calculated for
CuAlF;00 [M7] 710.9451; found 710.9426.

[00212] Example 7: Synthesis of Activator 2

F
F. F CigHz;
C18H37-T}I-Me
F FF F F H
F—Q—%—O-@—F
F F F F
F. F
F F
F

[00213] In a nitrogen-filled glovebox, Armeenium M2HT chloride (118.2 mg, 0.207 mmol,
1 equiv.), lithium (perfluorophenoxy)tris(perfluorophenyl)aluminate (167.3 mg, calculated to be
0.207 mmol including 1 equiv. of toluene, 1 equiv.) and toluene (5 mL) were stirred at room
temperature for 1 h. A slightly hazy solution was obtained. The solution was passed through a
0.45 pm syringe filter in line with a 0.2 pm syringe filter. The filter was washed twice with 1 mL
toluene, and the combined filtrates were concentrated in vacuo to afford a hazy white thick oil.
The hazy white thick oil was dissolved in hexane (5 mL) to afford a hazy solution. The solution
was passed through a 0.45 pum syringe filter in line with a 0.2 pm syringe filter, however the
solution still remained hazy. All volatiles were removed in vacuo to afford 0.2065 g of a hazy

white thick oil, a 80% yield.

[00214] 'H NMR (400 MHz, Toluene-ds) § 6.32 (s, 1H), 2.14 (dd, J = 10.2, 6.2 Hz, 4H), 1.86
(s, 3H), 1.40 — 1.20 (m, 52H), 1.13 (h, J = 8.4, 7.6 Hz, 8H), 0.99 (t, J = 7.6 Hz, 4H), 0.91 (t, J =
6.7 Hz, 6H). ’F NMR (376 MHz, Toluene-ds) & -122.34 — -122.82 (m, 6F), -156.12 (t, J = 19.6
Hz, 3F), -161.69 — -162.06 (m, 2F), -163.08 (dq, J = 19.6, 11.9 Hz, 6F), -167.22 (dd, J = 22.6,
19.0 Hz, 2F), -174.36 (it, J = 22.8, 7.6 Hz, 1F). >C NMR (101 MHz, Toluene-dg) 8 152.65 —
150.61 (m), 149.88 — 148.24 (m), 143.02 — 141.27 (m), 139.90 — 138.71 (m), 138.61 — 137.42
(m), 135.72 — 134.53 (m), 56.45, 39.57, 32.01, 29.89, 29.87, 29.84, 29.82, 29.77, 29.61, 29.51,
29.42, 29.01, 26.17, 23.93, 22.76, 13.91. *’A1 NMR (104 MHz, Toluene-ds) & 113.16. HRMS
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(ESI) Calculated for C37H7N [M™] 536.6129; found 536.6123. Calculated for CpsAlF,,0 [M]
710.9451; found 710.9426.

[00215]  Example 8: Synthesis of Activator 3 precursor 1 — Lithium 1,1,1,3,3,3-hexafluoro-2-

(trifluoromethyl)propan-2-olate

OLi
F5C CF§F3
[00216] In a nitrogen-filled glovebox, a 100 mL round bottom flask is charged with a solution
of 1.6 M n-BulLi in hexane (8.9 mL, 14.3 mmol, 1.05 equiv.) and pentane (100 mL). The vessel
was sealed with a septum, removed the glovebox, attached to a nitrogen-filled Schlenk line, and
cooled to =78 °C in a dry ice isopropanol bath. Perfluoro-fert-butanol (1.9 mL, 13.6 mmol,
1 equiv.) was added dropwise, resulting in the precipitation of a white solid. The cooling bath
was removed and the reaction was allowed to warm to room temperature. The septum was
tightly fastened and the reaction was transferred into the glovebox. The solution was cooled in a

—30 °C freezer for 3 days. The solid was filtered, washed with cold (—30 °C) pentane, and dried
in vacuo to afford the product as a white solid (2.92 g, 88% yield).

[00217] '°F NMR (376 MHz, THF-ds) & -75.51. ®*C NMR (101 MHz, THF-ds) & 131.97 —
120.43 (m), 87.49 — 84.80 (m).

[00218] Example 9: Synthesis of Activator 3

F
F F CisHs;
C18H37-I}I'Me
R FF F H
CF,
F—Q—Q\I-O CF,

FF CF,

F.

F F
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[00219] In a nitrogen-filled glovebox, tris(pentafluorophenyl)alane toluene adduct (see,
Example 4) (200 mg, 0.348 mmol, 1 equiv.) and toluene (2 mL) was added to a reaction vial.
The suspension was added to a solution of lithium perfluoro-fert-butoxide (75.8 mg, 0.314
mmol, 0.9 equiv.) and diethyl ether (4 mL). The tris(pentafluorophenyl)alane vial was washed
three times with 1 mL of toluene, and solvent from the washes were added to the reaction. Upon
addition of the alane and stirring, a slightly turbid, colorless solution was obtained. The reaction
was stirred at room temperature for 22 h, yielding a slightly turbid, colorless solution. The
solution was passed through a 0.45 pm syringe filter in line with a 0.2 um syringe filter to afford
a turbid colorless solution. The syringe filter was washed twice with 1 mL of diethyl ether. Upon
addition of additional diethyl ether to the filtrate, a clear homogeneous solution was obtained.
All volatiles were removed in vacuo. The residue was triturated with hexane (5 mL) and all
volatiles were removed in vacuo (this process was repeated for a total of two times) to afford a

thick, clear oil.

[00220] To the thick clear oil product was added Armeenium M2HT chloride (179.5 mg,
0.314 mmol, 0.9 equiv.) and toluene (5 mL). The reaction was stirred at room temperature for 18
h to yield a cloudy pale yellow solution. The solution was passed through a 0.45 pum syringe
filter in line with a 0.2 pum syringe filter to afford a clear, pale yellow solution. The syringe
filters were washed twice with 1 mL of toluene, and the combined filtrates were concentrated in
vacuo to afford a clear, pale yellow oil. The residue was triturated with hexane (5 mL) and all
volatiles were removed in vacuo (this process was repeated for a total of two times) to afford

0.4342 g of the product as a clear oil, a quantitative yield.

[00221] 'H NMR (400 MHz, Toluene-dg) & 3.65 (s, 1H), 2.20 — 2.09 (m, 4H), 1.95 (dq, J =
11.9, 6.2, 5.4 Hz, 4H), 1.73 (d, J = 5.1 Hz, 3H), 1.42 — 1.08 (m, 56H), 0.96 — 0.79 (m, 10H). ’F
NMR (376 MHz, Toluene-ds) 6 -74.40 (s, 9F), -121.74 — -122.59 (m, 6F), -156.91 (t, J = 19.6
Hz, 3F), -163.77 (ddd, J = 30.9, 19.6, 12.1 Hz, 6F). *C NMR (101 MHz, Toluene-dg) & 152.03 —
150.92 (m), 149.63 — 148.63 (m), 142.05 — 141.15 (m), 139.44 — 138.95 (m), 138.14 — 137.40
(m), 135.69 — 134.86 (m), 81.06 — 78.93 (m), 80.25, 79.95, 79.65, 79.34, 56.75, 39.88, 32.01,
29.87, 29.86, 29.85, 29.80, 29.72, 29.52, 29.50, 29.29, 28.83, 25.79, 23.82, 22.74, 13.90. *'Al
NMR (104 MHz, Toluene-ds) & 101.74. HRMS (ESI) Calculated for Cs;H,sN [M*] 536.6129;
found 536.6129. Calculated for C»AlF,40 [M'] 762.9387; found 762.9367.
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[00222] Example 10 — Polymerization Results

[00223] The polymerizations were carried out in a batch reactor according to the procedure
previously described. Specifically, for the results summarized in Table 1-5, a 2L batch reactor
was heated to 170 °C. The polymerization conditions included using 860 g of Isopar™ E, 70
grams of octene, and 210 psig of ethylene. The activator to procatalyst ratio was approximately
1.2; and 10 umol of AlEt; was used as an impurity scavenger. The co-catalytic efficiency and
resulting polymer characteristics were assessed for Activator 1, 2, and 3 having an anionic
structure according to formula (I) and a bis-biphenylphenoxy Group IV metal-ligand catalyst.
For the results summarized in Tables 6—7, a 2L batch reactor was heated to 140 °C. The
polymerization conditions included using 605 g of Isopar™ E, 300 grams of octene, and 300
psig of ethylene. The activator to procatalyst ratio was approximately 1.2; and 50 equiv.
(relative to procatalyst) of AlEt; was used as an impurity scavenger. The co-catalytic efficiency
and resulting polymer characteristics were assessed for Activator 1-3, each having an anionic
structure according to formula (I) and Group IV metal-ligand complex, specifically a

constrained geometry procatalyst as shown in Table 6 or a bis-indenyl as shown in Table 7.

[00224] The metallic Activators 1, 2, and 3, and Comparative Activator C1 (herein
“Comparative C17) were intermixed Procatalysts A—D to form a catalyst system. Comparative

C1 had "THN(Me)(C3H37), as a countercation.

t

_Bu tBU gy t-Bu t-Bu tBu By t-Bu
O Me\ /Me O O Me\ /Me O
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Procatalyst A Procatalyst B
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Procatalyst C Procatalyst D

Me Me

/%%Me
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Procatalyst E Procatalyst F

Comparative C1

[00225] The efficiencies of the inventive Activators 1, 2, and 3, and Comparative
Activator C1 (herein “Comparative C1”) and the polymer characteristics of the polymers yielded

from the inventive Activators 1, 2, and 3, and Comparative C1 were determined. The results are
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summarized in Tables 1-7. The Comparative C1 has been successfully used in industrial

applications.

Table 1: Batch Reactor Results using (.2 pmol Catalyst A

Loading Yield . Mol%
Activator Efficiency Mw MWD
(umol) (2) Octene
Comparative C1 0.24 20.7 1,134,570 362,430 2.23 5.8
Comparative C1 0.24 22.0 1,205,823 350,081 2.29 6.8
Activator 1 0.24 23.0 1,260,633 330,055 2.26 6.8
Comparative C1 0.24 23.8 1,304,481 329,832 2.29 7.3

Table 2: Batch Reactor Results using 0.1 pmol Catalyst B

Loading Yield . Mol %
Activator Efficiency Mw MWD
(umol) (2) Octene
Comparative C1 0.24 24.1 2,641,849 236,173 4.65 8.7
Activator 1 0.18 26.4 2,893,975 220,450 4.87 10.0
Comparative C1 0.24 25.5 2,795,317 225,847 4.77 9.6

Table 3: Batch Reactor Results using 0.1 pmeol Catalyst C

Loading Yield . Mol%
Activator Efficiency Mw MWD
(umol) (g) Octene
Comparative C1 0.24 42.2 2,364,278 288,698 2.35 15.4
Activator 1 0.24 38.2 2,140,176 310,454 2.35 14.5

Comparative C1 0.24 43.0 2,409,099 299,100 2.36 15.5
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Table 4: Batch Reactor Results using 0.6 pmole Catalyst D
Loading Yield . Mol %
Activator Efficiency Mw MWD
(umol) (2) Octene
Comparative C1 0.72 11.7 213,760 808,844 2.30 8.8
Activator 1 0.72 13.1 239,338 751,852 1.91 9.8
Comparative C1 0.72 12.0 219,241 862,858 1.90 9.0
Table 5: Batch Reactor Results using 0.26 pmole Catalyst A
Activator
Yield . Mol%
Activator Loading Efficiency Mw MWD
(8) Octene
(wmol)
Comparative C1 0312 6.3
: 11.9 501,724 355,827 | 2.12
Activator 2 6.2
03121 119 | 501724 | 345340 | 2.09
Activator 3 0.312 6.3
" 11.5 484,859 345,613 | 2.09
Table 6: Batch Reactor Results using 0.6 pmole Catalyst E
Catalyst Activator Mol%
Yield .
Loading Activator Loading © Efficiency Mw MWD | octene
g
(umol) (umol)
0.6 Comparative 072 71.8 2,499,304 23,471 2.79 23.0
Cl1 '
0.6 Activator 1 0.72 56.8 1,977,165 25,448 2.73 23.0
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Table 7: Batch Reactor Results using 1 umol Catalyst F

PCT/US2019/024075

Catalyst Activator Yield * Mol%
Loading Activator Loading Efficiency Mw MWD | octene
(umol) (umol) ®
1 Comparative = 712 780,496 29,520 3.29 26.8
C1
1 Activator 1 12 67.3 737,744 30,784 2.89 27.4

*Efficiency is defined in units of grams polymer per gram of active metal (Ti, Hf, or Zr).

Table 8: Results from Electrical Experiments Conducted with the Hydrocarbon

Conductivity Test

Activator

Dissipation Factor in

solution, no water (60 Hz)

Dissipation Factor in

solution, with water (60 Hz)

Comparative C1

0.28544

0.2828

Activator 1

0.27343

0.06263

[00226]

post-polymerization process when the produced polymer resins are washed with water to

The Hydrocarbon Conductivity Test, as described in this disclosure, simulates the

remove the catalyst and co-catalyst residue. The results summarized in Table 8 indicate that the

Activator 1 has a better dissipation factor than “B(C¢Fs)4 anion present in Comparative C1.

[00227]

some way with the inventive Activators to reduce its contribution to the electrical properties. It

Based on the results summarized in Table 8, it is believed that the water interacts in

is believed, without desiring to be bound by such belief, that the water chemically reacts with
the activator resulting in a predominance of degradation products, and the degradation products
do not significantly contribute to charge transport, and therefore, the polymers produced by the
inventive activators exhibit low conductivity. However, it is believed that Comparative C1 does

not react with water under the conditions of HC Test. Since Comparative C1 consists of ionic
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species, anions and cation, it contributes to ionic charge transport both before and after water

addition.

[00228] As previously described, the hydrocarbon solution in the HC Test is heated to
remove water. It is believed, without desiring to be bound by such belief, that the water,
antioxidant, and/or heat of the process degrade the inventive activators resulting in a
predominance of degradation products, which do not significantly contribute to charge transport.
It is assumed that Comparative C1 does not significantly degrade under the conditions of the
polymerization, and that being an ionic species it contributes to ionic charge transport in the

elastomer.

Table 9: Thermal Gravimetric Analysis Results

Activator 1

Onset (°C) 179

[00229] Table 9 contains the results obtained from a thermal gravimetric analysis curve.
Activator 1 decomposes at a high temperature, 179 °C. Therefore, Activator 1 is stable and can

produce polymers at temperatures of 140 °C or greater as evidenced in Tables 1-4 and 6-7.
Equipment Standards

[00230] All solvents and reagents are obtained from commercial sources and used as received
unless otherwise noted. Anhydrous toluene, hexanes, tetrahydrofuran, and diethyl ether are
purified via passage through activated alumina and, in some cases, Q-5 reactant. Solvents used
for experiments performed in a nitrogen-filled glovebox are further dried by storage over
activated 4A molecular sieves. Glassware for moisture-sensitive reactions is dried in an oven
overnight prior to use. NMR spectra are recorded on Bruker Avance III HD 400 MHz NMR,
Varian 400-MR or VNMRS-500 spectrometers. LC-MS analyses are performed using a Waters
€2695 Separations Module coupled with a Waters 2424 ELS detector, a Waters 2998 PDA
detector, and a Waters 3100 ESI mass detector. LC-MS separations are performed on an
XBridge C18 3.5 um 2.1x50 mm column using a 5:95 to 100:0 acetonitrile to water gradient

with 0.1% formic acid as the ionizing agent. HRMS analyses are performed using an Agilent
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1290 Infinity LC with a Zorbax Eclipse Plus C18 1.8um 2.1x50 mm column coupled with an
Agilent 6230 TOF Mass Spectrometer with electrospray ionization. 'H NMR data are reported
as follows: chemical shift (multiplicity (br = broad, s = singlet, d = doublet, t = triplet, q =
quartet, p = pentet, sex = sextet, sept = septet and m = multiplet), integration, and assignment).
Chemical shifts for '"H NMR data are reported in ppm downfield from internal tetramethylsilane
(TMS, 6 scale) using residual protons in the deuterated solvent as references. 3C NMR data are
determined with 'H decoupling, and the chemical shifts are reported downfield from
tetramethylsilane (TMS, & scale) in ppm versus the using residual carbons in the deuterated

solvent as references.



