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[ 0002] The inventi oAIIICAR] METALSANIR AlJALLMIIGE AlLdEYSrade by interaction
of alkali metals or alloys of these netals with silica gel. The
conpositions have i nproved handling characteristics and retain the
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metal or alloy " nust often be stored in vacuo or under an inert |iquid such
as oi | SeptemlmeR2t204; heeotire disdlosums of srhetcare iaorparaed hewbsiphisfaenaghi ch may
result in oxidation or other reactions. For exanple, sodiumnetal is often
stored in Nujol oil which nust, to avoid unwanted inpurities, be renoved
prior to use in chem cal reaglEIgNOF THE INPEACEONsevere restrictions on its

shi pment and use. [0004] The conbinatjon of alkali metals with sjlica
zeol i t el00Fuch The iEsmtion tekaeshive filica gk aempesiyons made by interaghipn of alkali
| aboratories. For ' S.tecent | i L d lites
can apsarats A5 5 P Bt SAESAGTRE i BRMRS IR nBW By tbvdimaRiRe
conpar aglagacteridesHng rofaird the r@ctieity af thaheutrad allal njetalceptloy.i t hi um) . Pri or
research with alkali metal encapsulation in all-silica zeolites reveal ed
that such a conbination reacts exothermcally wth water to produce
hydrogen quantitatively. ]g%g(}g@m%@a_q@ INVEMai@eNI norganic  El ectrides”,
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reactive toward air and moisture and may catch fire spontaneously when exposed to these

agents. To avoid the inherent hazards associated with their activity, the neutral metal or alloy
must often be stored in vacuo or under an inert liqﬁid such as oil in order to protect it from
contact with the atmosphere, which may result in oxidation or other reactions. For example,
sodium metal is often stored in Nujol oil which must, to avoid unwanted impurities, be
removed prior to use in chemical reactions. This places severe restrictions on its shipment
and use. |

[0004] The combination of alkali metals with silica zeolites, such as ZSM-5, has been
extensively studied in many laboratories. For example, it was recently shown that pure silica
zeolites can absorb up to 12 mole percent cesium from the vapor phase and comparable
amounts of the other alkali metals (except lithium). Prior research with alkali metal
encapsulation in all-silica zeolites revealed that such a combination reacts exothermically
With water to produce rhydrogen quaﬂtitati\}ely. (Qée, for exramplé, "Toward Inofganic 7
Electrides", A. S. Ichimura, J. L. Dye, M. A. Camblor and L. A. Villaescusa, J. Am.
Chem. Soc., 124, 1170-1171 (2002) and "Inorganic Electrides Formed by Alkali Metal
Addition to Pure Silica Zeolites", D. P.Wernette, A. S. Ichimura, S. A. Urbin and J. L.
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The concentration of sodium absorbed by the zeolite conpositions, however,
was too |we2ves/dses3practical. In addition, the reaction was/usc@umsizuel y sl ow
with slow sodiumdiffusion within the limted zeolite pore size. [0005] The
use of pot assi um metal dispersed on silica as a reagent in organic
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The G ou taI/5| l'ica gel conposition produced does not react with dry
02. Thi Sﬂ‘ﬁ’fséﬂ'i“? s referred to as "Stage |" material. [0009] In
addition, the invention relates to a Goup 1 netal/silica gel conposition

conprising the product of mxing a liquid Goup 1 netal with silica gel
under conditions suffici eﬁEMMz&&QEmeﬁMEMM@X} oup 1, netal into the
silica por and heat | esul xture to erature, of
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1" material. [0010] The _invention also relates to a G oup netal/silica

gel conaﬁ@ibrsmaé ﬁoe@ﬁﬁmﬁ giffigjent: theebperbdthe fiquid Gioxp dgmatal ite mp @lﬁmgeljpom al
with si ”1“1'1 @}r&ﬁJ 1%&21r/s1ﬁ<9a”gé1t éo?r%sﬁf&lf ﬁr%h&&'ﬂ fefcts with dry O,. This material is
referred to as “Stage 0”” material.
[0008] The invention also relates to a Group 1 metal/silica gel composition comprising
the product of mixing a liquid Group 1 metal with silica gel under exothermic conditions
sufficient to absorb the liquid Group 1 metal into the silica gel pores. The Group 1
" metal/silica gel composition produced does not react with dry O,. Tflis material is referred to
as “Stage I”” material.
[0009] In addition, the invention relates to a Group 1 metal/silica gel composition
comprising the product of mixing a liquid Group 1 metal with silica gel under conditions
sufficient to absorb the liquid Group 1 metal into the silica gel pores and heating the resulting
mixture to a temperature of between about 215°C to about 400°C. The Group 1 metal/silica
gel composition produced does not react with dry O,. This material is referred to as “Stage
II”” material.
[0010] The invention also relates to a Group 1 metal/silica gel composition comprising
the product of mixing a liquid Group 1 metal with silica gel under conditions sufficient to

absorb the liquid Group 1 metal into the silica gel pores and heating the resulting mixture to a



absorb the liquid Goup 1 netal into the silica gel pores and heating the
resulting mxture to a 2 WO 2005/051839 PCT/ US2004/ 039304 tenperature of
above abow® 246¥081839he Group 1 netal/silica gel comnpositipom/yse@dwssds does
not react with dry 02. This material is referred to as "Stage III"
material . BRI EF DESCRI PTI ON OF THE DRAW NGS [0011] Figure 1 is a
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(5.7 ng). [0013] Figure 3 is a Differential Scanning Calorimetry (DSC)
di agram showi ng traces of a 1:1 cesiunisilica gel sanple (6.7 ng). [0014]

Figure 4 shows the con i bk i coated with an all oy

of conposition Na2K t E%R:ﬁ}ﬁ O% g e powder. [0015]
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traces of 2.4 Na mxed with 3.9 ng of silica gel. [0016] Figure 6 shows
g
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over ni ght:l1ala;&ili¢a ded Qarfpleri5.Cacg)o or in an inert atnosphere. [0018] Figure
8 shows_an optical spectrum of, gg ant hr acene raglipca[ ani on obtained by the

reduct i B13k  ankigpiecise RitferentiRbSamame ¢alapmetry 8PS6f dingam shearing Baces[@019]
Fi gure : &"1@1 of the product of a Birch Reduction of
anthracag%grb%ﬁ?lﬁ—féﬁ%y pas@@ggg?lﬁ&c}hgh a m xed bed colum of the Goup 1

met al /[09il4] ca Rigire £ehpesitid convefsidrhef isilice ngel qrartidl@02eited-mgthr &rs alloA-of0C
show the results of a alysjis af th roduct of reduction of benzyl

chl ori d‘é’IPHPSHIOH;N??k tﬁ?@%@%‘x Si[”@@%ﬁf&ﬁ:gtﬁg‘? OWIA- 11C show the results of an
anal ysi go@#) t hapiedusth MikfeANHAVSRhBBICalOah 189G} Hi@Praff sHd traldldri de
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IT sodium/silica gel material.
[0017] Figure 7 is Differential Scanning Calorimetry (DSC) diagram showing the resulis
of heating Stage 0 material overnight at about 140 °C ixn vacuo or in an inert atmosphere.
[0018] Figure 8 shows an optical spectrum of an anthracene radical anion obtained by the
reduction of anthracene with the Stage I material of the invention.
[0019] Figure 9 shows a 'H NMR spectrum of the product of a Birch Reduction of
anthracene in THF by passage through a mixed bed column of the Group 1 metal / silica gel
composition of the invention.
[0020] Figures 10A-10C show the results of an analysis of the product of reduction of
benzyl chloride in a batch process.

[0021] Figures 11A-11C show the results of an analysis of the product of an overnight

batch reaction of phenyl sulfide with the Stage I material of the invention.

- - DETAILED DESCRIPTION OF THE INVENTION

[0022] Group 1 Metals: Alkali Metals and Alkali Metal Alloys

[0023] Alkali metals are those metals in the Group 1 family of the periodic table. The
terms “Group 1 metal” or “Group 1 metals” are used here to describe alkali metals and alloys

of alkali metals which may be used in the silica gel compositions of the invention. Those



terms "Goup 1 netal” or "Goup 1 netals" are used here to describe al kali
netals and alloys of alkali netals which nay be used in the silica gel
conposi t iwooexos183¢ | nventi on. Those 3 WD 2005/ 051839 PCT/Ud2@a0493089304
al kali metals include sodium (Na), potassium (K), rubidium (Rb), and
cesium (Cs). O these alkali netals, sodiumand potassiumare preferred
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prepare an Tntimate mxture of the neta the silica gel. Howeve
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gel avoids the time-consum ng vapor deposition or netal -ammoni a rout es.
method, a Group 1 metal can be deposited onto the silica gel from a metal-ammonia solution.
(See M. Makesya and K. Grala, Syn. Lett. 1997, pp. 267-268, “Convenient Preparation of
‘High Surface Sodium’ in Liquid Ammonia: Use in Acyloin Reaction.”) The metal-ammonia
solution can be used to avoid agglomeration of the metal in. upon mixing with the silica gel
and to prepare an intimate mixture of the metal with the silica gel. However, in practice the
metal-ammonia solution method of mixing Group 1 metals with silica gel was accompanied
by considerable decomposition of the metal-ammonia solution to form amides. However, as
preferred for the invention, simply allowing the liquid Group 1 metal to contact the silica gel
avoids the time-consuming vapor deposition or metal-ammonia routes.
[0027] As discussed below, for at least Stage 0 material, it is generally preferred that the
Group 1 metal have a melting point within about 15°C of room temperature (25°C). For
example cesium and rubidium have melting points of 28.5°C and 38.5°C, respectively.
Typically alloys of the two or more alkali metals are, and preferably are, liquid at or near

room temperature. A preferred low-melting alloy is that between sodium and potassium
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from chemical suppliers such as Aldrich and directly from the Davison Chemical Division of

WR Grace Company, (i.e., 150 A pore size, granular, 30-60 mesh, plain white, no indicator).
An alternate supplier of such silica gel is the Eagle Chemical Division of Multisorb.

[0030] Although silica gel, when purchased, is a free-flowing powder, it typically
contains large amounts of gaseous material, such as water and air. These are preferably
removed prior to mixing the silica gel with an alkali metal or alloy to form compositions of
the invention. The silica gel may be degassed using methods known in the art. For example,
to remove the gaseous material the silica gel may be heated under vacuum in an evacuable
flask, first with a hot air dryer and then with a torch. Such heating achieves temperatures of
approximately 300° C. It is also possible, and is actually preferred, to remove the gases more
easily and to passivate active sites by heating the silica gel to 600°C or hotter (900°C) in air
(calcination). It is believed that heating the silica gel to 600°C or higher causes at least some
of Si-OH sites in the pores or silica gel lattice to form siloxane, Si-O-Si, groups with the

concomitant loss of water. Heating the silica gel at a lower temperature would also produce a
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after absorption of the Group 1 metal. Preferred Group 1 metal/silica gel compositions of the
" invention are those containing sodium, potassium, or sodium-potassium alloys with sodium
and sodium-potassium alloys being most preferred.
[0033] As described below, a number of samples of this material with NaK and cesium,
at various loads and mass ratios, were tested by Differential Scanning Calorimetry (DSC).
The heat absorbed upon melting NaK in the silica gel pores at -25-0 °C was used to determine
~ the amount of encapsulated metal that remained as metal in the silica gel. This was followed
by broad exothermic peaks between 5°C and 650 °C. Upon cooling and reheating the same
sample, no appreciable thermal peaks were observed. This shows that the heat treatment
causes encapsulated metal in the pores to react with silica gel to produce Stage II and then
Stage III material, although the boundaries are not sharp. This conversion to Stage II and III

material does not appreciably change the hydrogen producing abilities of the material.



invention are those containing sodium potassium or sodi um potassium
alloys with sodium and sodi um potassium all oys bei ng nost preferred.

[ 0033] AswOesewdisipssd bel ow, a nunmber of sanples of this matrarstel/osesbh NakK
and cesium at various |oads and nass ratios, were tested by Differential
Scanning Calorinmetry (DSC). The heat absorbed upon nelting NaK in the
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G oup jthgﬁii%gel t&eesarmunt of Goup 1 netal |oading is dependent upon the
pore size and®pore density of the actual silica gel used. Typically, the
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guantitative yield,.typically about 95%yield. The Goup,l al,/.silica
gel cor%@ﬁWeF%‘Lged&Fm’gﬁ@e‘?tﬁ\f%‘%/ﬁ Y?ﬂ#y 83389( g ﬂ%ﬂ%ﬁorﬁﬂ%&g?'oggﬁlﬁ@gioﬂ e
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cl ean hydrogen an as powerful reducing agents for a variety of reactions
of organi c conpounds. Table |I below sumrarizes the preparation processes
and uses of Stage O, I, II, and I Le ials. Table | Sunmary of Stages O,
I, I'l, and Il Material Preferred AFs Al | oys Used Preparation
Procedures T c Stage O Li o8iireimadyl @SsadeNal, IlNaaKIil Under inert atnosphere or

vacuum_liquid etc ). alkali petal a,l_l_qué_a_dd_e_d_t_g%_l_l_ga__g_el__a;_g_r_
Material Preferred Metals / Alloys Used | Preparation Procedures ,
Type
Stage 0 Liquid alloys (NaK, Na;K, Under inert atmosphere or vacuum, liquid
etc.) alkali metal alloy is added to silica gel at or
near room temperature. On a large-scale,
this process would be best done by adding
the liquid metal or alloy to silica gel spread
in a metal pan that would dissipate any heat
which may be produced.
Stage 1 Liquid alloys (NaK, Na;K, Under inert atmosphere or vacuum, liquid
etc.) or vapor alkali metal is added to silica gel
and is agitated for several minutes to hours
Cesium, Rubidium, etc. at a temperature below 150°C.
Stage II Sodium Under inert atmosphere or vacuum, alkali
metal or alloy is added to silica gel and is
Potassium heated to between 215°C - 400°C to
; incorporate all metal and to reduce
Na-K alloys sensitivity to air.
Stage III Sodium Under inert atmosphere or vacuum, alkali
metal or alloy is added to silica gel and is
Potassium heated to 215°C to incorporate all metal,
and then gradually heated above 400°C over




near roomtenperature. On a large-scale, this process would be best done
by adding the liquid netal or alloy to silica gel spread in a netal pan
t hat woulwodbesispsbe any heat which may be produced. Stagassboosiosasogd al | oys
(NaK, Na2K, Under inert atnosphere or vacuum liquid etc.) or vapor alKkal
metal is added to silica gel. and S agltated for several ninutes to hour s
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di scussed above, to prepare al G oup 1 netal lica ge
COMpPOoSi Gnr@nsl wietal t Bepicaliiem proparing thﬁ snateresfeofrtbel IItV@nt!I@g ke salich gﬂhmmmﬂle' t he

or epar el SRRy 8ol b fFun ® PitBors FPRER drafolTbe Bkl e

heat ed h@mﬁﬁﬁ Qofedradieb.y GiRdGnetholN BBIn il thRl drt ¥ dFEMeMas WAH/BF pasifafathet he
silica gel, and mnimze defect sites. O her net hods known in the art to

dry, desijesgelmepyispbeesedate the silica gel may al so be used. [0037] Stage

0 Matertﬂ%ﬂ OO%&%J1 T@E/Ia’?‘t gge O material of the invention apparently contains

| ow nel s absorbed into the pores of silica gel wthout
reacti o[0038] metEle $tagé Stmhtetili @the thventibe apparehily c@tthink AW is@ting Bsup 1t can

be vi emg%ta?ssabnsgpb%?ﬁgtloethg lplé%lslof rgﬁ}c?ll ge(l) Emgllollita reactircg[ grl mg‘lall (r)e){hstnbutlon into the
silica gel lattice. Thus, it can be viewed as nanoscale alkali metal or alkali metal alloy
particles in the open pores and channels absorbed within the silica gel. The Stage 0 material
of the invention is a Group 1 metal/silica gel composition comprising the product of mixing a
liquid Group 1 metal or a liquid Group 1 metal alloy, such as NayK, with silica gel under
isothermal conditions sufficient to absorb the liquid Group 1 metal or liquid Group 1 metal
alloy into the silica gel pores. Preferred Group 1 metals for Stage O materials include a low-
melting Group 1 metal such as cesium or a NaK alloy. The Stage 0 Group 1 metal/silica gel
composition reacts with dry O,, which differentiates it from Stage I, II, and III materials.
Since Stage 0 material is reactive with dry air, it should be handled in vacuo, in an oxygen-
free atmosphere, and preferably in an inert atmosphere, such as under nitrogen or an inert gas.
While the Stage 0 material will ignite spontaneously in air, it can be stored under such
conditions in a closed container, e.g. a screw-top vial.
[0039] To form Stage 0 materials, a Group 1 metal is mixed with silica gel in an inert
atmosphere under isothermal conditions, preferably at room temperature or slightly above,
for a time sufficient to permit the alkali metal or alloy to be absorbed into the silica. The
mixing must be done in an inert atmosphere such as within a glove box or glove bag. During
formation of a preferred Stage 0 material, a liquid Group 1 metal, such as Nay;K, may be
poured over a bed of silica gel at room temperature. The mixture is agitated, preferably
stirred or shaken, to achieve good mixing. The liquid Group 1 metal is preferably absorbed

into the porous silica gel without any significant heat of reaction or appreciable release of

heat.



particles in the open pores and channel s absorbed w thin the silica gel.
The Stage O material of the invention is a Goup 1 netal/silica gel

conposi t iwo 20@mpIs3si ng the product of mixing a |iquid @wons2d4medzad or a
liquid Goup 1 netal alloy, such as Na2K, with silica gel under isothernal
conditions sufficient to absorb the liquid Goup 1 netal or liquid Goup 1
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occurs W _ room tenperature (25C). In the typical pro
littl e fomnstidnsofStagelematetial Tlhectemppystuse mé’eﬁﬁpﬁﬁlé%‘?ﬁégﬁgﬁq?%gﬁl ﬁ‘%;%’elnsobut

converts to a product ich is a f o f i ; [
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[0041] MheucRReHRE cogveRiage Stagalienaiatial dovy nhtatcugavithont beating as Hiscrssedt i on
or put into . ¢
below.

[0042]  The Stage 0 material is a shiny black powder that reacts exothermically with
water. A DSC of the Stage 0 material shows the presence of the alkali metal in its neutral
state within the silica gel. While the exact composition of the Stage 0 material is not
currently known, the melting point of the Stage 0 material is lower than the melting point of
the most common Group 1 alloys, such as NaK, thus indicating that small particles of the
Group 1 alloys are within the pores of the silica gel.

[0043] Figure 4 illustrates the absorption of NagK alloy into silica gel at room
temperature to form a loose, shiny, black Stage 0 powder. As shown in Figure 4, the flask
shown in (A) contains silica gel coated with Na;K alloy immediately after mixing. The flask
shown in (B) contains the final loose black material after shaking the sample in flask (A) for
a few minutes. It is an apparently homogeneous, easily poured black powder.

[0044]  The Sfage 0 materials are the most reactive members of the Group 1 metal/silica

gel compositions of the invention. Since the addition of a low-melting alkali metal or alloy to



the reaction should be controlled or dissipated. A significant tenperature
I ncrease during the preparation should be avoided. In a preferred

enbodi nenvotbes/Sissge 0 material is formed near room tewpenstonm3q3ahC) .
Heati ng much above this tenperature generally leads to the formation of
Stage | material. The tenperature may be controlled by spreading the silica
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t he reaction vessel. e reaction tenperature shoul d, however, be
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envi r oepselinithathichcsnggets Bt thstalldlt metal(e) pricdanizebioafosmalkal] padipas. Wil s, as
di SCUS%%%le%%L)géN relOfsbd" t(g %hé Qi%ca?'tfﬁ%v%rk or to the void spaces. See Billinge, et al.,

Chem. Commun. 2004, pp. 749-760 for a discussion of Pair Distribution Function.

[0047] The Stage I material of the invention may be formed by mixing the liquid Group 1
metal, at or just above its melting point with silica gel under an inert atmosphere to allow the
Group 1 metal to be absorbed into the pores of the silica gel. The Group 1 metal may also be
mixed with the silica gel using one of the alternative methods discussed above, such as
adding the Group 1 metal as a vapor. The mixture is then maintained at or slightly above the
melting point of the Group 1 metal (i.e., approximately 70°C to 150°C) and agitated for
~ between several minutes to several hours. Generally speaking, higher reaction temperatures
convert the material in shorter times. The reaction to form/ Stage I materials is mildly
exothermic, and, on a large scale, the process would be preferably done by adding the liquid
metal or alloy to the silica gel in a metal pan that would remove heat as it is produced. The
reaction appears to form an alkali metal — silica gel lattice. The exothermic nature of the

reaction differentiates Stage I material from Stage 0 material. Heating above the exotherm
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and is a better reducing agent than the Stage IT material described below. It is probably the
reagent of choice for both bulk and chromatographic reductions,

[0051] Stage IT Material
[0052]

Stage II material of the invention is a Group 1 metal/silica gel composition
comprising the product of mixing a liquid Group 1 metal with silica gel under exothermic
conditions sufficient to absorb the liquid Group 1 metal or liquid Group 1 metal alloy into the
silica gel pores and heating the resulting mixture to a temperature of between about 215°C to
about 400°C. For example, melting sodium in a mixture of sodium and silica gel and heating
in a closed vessel at 400° C overnight causes complete inclusion of sodium in the silica gel
pores and forms a Stage II sodium/silica gel composition. Preliminary Pair Distribution
Function experiment on sodium Stage II material show the presence of nanocrystalline
sodium silicides (a compound of stoichiometry NaSi, eg. NasSis) in the silica gel

composition. There appears to be no sodium metal present.
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exotherm c reactions between the alkali nmetal and the silica gel or its
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little QhcRQitFoPUR rbsdBAR nateiRisHeBBcod! tmigﬁeﬁrhéltiii% IGreap gehetalthegdiddien ence
between Stages | and O iS that the forner can be handled in dry air and

even quimskpotasstumarigfieallyedd not wetdhe ailiga Eelas tempirgtudsrwiych tradtto dermebion®ifire

d di i dly. W t d t ; f
hour st Stagh g of S8e8 Do o8 ohm, BB R P bIRE AR e Sl Rk
reacts Mlin@h%b'u nRridls THRCRAAERChyPEds B Rimcasalkdliemsane siiva sl lagice, sugllr ogen

gas upon reaction with liquid water as do fresh sanples. [0050] Stage |
mat er i as $esdnmnsitigidgsiaghe pxaneple mepsonerbaloyer yIhgsstabwlity andveagtivifyof wiegsdént |

and is a_petter ' t lal r g | ow.
T s pPabah prohEet PudSalt Shet 1ARbIE 5 G4 to & bR AR REGL BT

r educt i p&aging hODBAMheBingatkalilmétalsguttods Joain2dr [Sitagimmn Withsilznigal. of t he
invention is a Gaoup I netal/silica gel conposj tllron .conprising téle eprIoduct
of mixi H954l | i c\si diseysserh Stagrodlamaigrial ean be anagle| fromaeithes iigse? hrStas

condi ti Sfd el ns h L Qb L : 0 b@ui up 1
nmet al aﬁﬂ%yﬁ#éﬂl{%ﬁ%aﬁ%& té?xpﬁl? a%&ehp%}ﬂggﬂg%ﬁs ea :%F\S:JS te?ﬁg@r té)sﬁ?(% [ ﬂ'g 1?norf?th gr eto
a t enpehigher meldhg hihlieanala Navind X 56 hetal abobe hdQ&Cabdveritseneltipg pointra the ng

di ture of di and sili | h [ o . | d
vessel | Besaiu ofctyiem YR e SEE edprdbet PRER G 1 o S PERE 1 ca
gel poEl‘?a%ir%E 4 QY PR alehetifY Brdobdit@Ahs Mabdrlal fPa S&lle YRR FifehMByerHIa8k ik nar y

Pair Distribution=" Function experinent on sodium Stage |l material show the
pr esencheatdd foanechyss eddhi atd S0s2H), AH9 sind Be0 desfollawed hp ouermight heatigsHiiddfet ry

NaSi, e,g. 4Si 4). in the.sjili | ition.. Th b
Sodi um st At pasiiepling nSigd he 0B 85 e v RRRID kaBRiie 53555, RREO Chr R T o
course ¢fe hRaducRds L0 1RRE VSRS PoMder 2R GHdrs gt wid Gheaprepx@tibie réingins

reaction begins and the Stage Il material is forped. Stage | material can
t hen behowngeseousd If the heating is too rapid or the molten metal is not mixed with the silica gel

vigorously, the product can contain lumps that must be manually crushed.

[0055] The Differential Scanning Calorimetry (DSC) traces of pure Na plus SG are
shown in Figure 5. Figure 5 illustrates DSC traces for 2.4 mg Na + 3.9 mg SG. The overall
(exothermic) heat of reaction is about - 90 £10 kJ/mole Na. Note that the endothermic heat
of melting of Na (113 J/g Na), which appears in the initial trace (510) at 98 °C, is absent in
the repeat trace (520), as are the exothermic peaks. This shows that Na reacted with silica gel
during the first run, probably to form the silicide, NaSi. The Stage II reaction of sodium with
silica gel releases about 90 kJ of heat per mole of sodium. The melting endotherm of Na
metal, present in the initial trace at 98 °C, is absent in the subsequent run, showing that the
metal has reacted with the silica gel. The reaction products have not been positively
identiﬁed, but Na plus SG probablyr forms sodium silicide (of overall cofnposition NaSi) in
the 15 nm diameter pores of the silica gel used, with concomitant formation of sodium

silicate. X-ray powder patterns indicate that the product is still amorphous.
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Satge Il material. Al of the Goup 1 netal is incorporated into the silica
gel and the air sensitivity of the resulting material is reduced. Hi gher
mel ti ng Gvouposhsessbal s, e.g. sodium and potassium typipcalusgoodo3ssos wet
the silica gel at tenperatures which lead to formation of Stage 0 or Stage
| materials. Sodium potassi um and other high nelting Goup | netals then

form St @g$6 C;srté@ J? Rm?é}ﬁl ;@@f&h&@@@ﬁ@%a B&c{ﬁgwuan Bl Ghke ML

silica as sodi um eiln exanpl e nmenti oned
above. Thetdlsikalget yommkltrcma;mbdmeﬂwom n&t mee with drye@eor wiith doy edu (Seageb@

heat St I | t t hat th t f
oot | omaicebis GBI PRREIS] [ PRV SoRifiie oy cive AP r It Bladl BT s
silica 9&% g[r%‘éﬂ# aéée&'é@%ﬁaﬁé,m% 3n hinbioRt ﬁ{dlﬁh&eﬁﬁéh@@o Had&laﬁg@wﬁl t her

Stage 0 o t age materials by heating themin an i1 nert atnosphere slowy
or st epmms aviien 1epOinCthe fresehdreof lomghemidity] suchgpsah laadlpsedutoatagneNa Indaktithet he

met al be heat e ve its i nt esence of ca ned,
out gass “&g‘%ll matprigh jis g’r?dleﬁsﬁéﬁag%&ﬁ#;tﬂﬁg% t%le%gélhff? \%ef ﬁOIBB%Ség?D(?n%fﬁl

shaki NGy LR, tHQ\'N&?élr ﬂﬂ%%ht@ﬂalpitﬁpl%gé’cﬁ SapidlySvitRivatet 2 yield AlnfRabeMtiMHEX

Erl enneyer 1 l ask was ~ heated for 1-3 hours each at 158 200, 250 and 300 C,

foll oweainbgntso’épure@hdrogeagasng at 400 C. After each heating period the

| oose LB Souadies SRRt Shlleh S L Rt B AP iy U O o

homogengeyse dff al Qﬁg@eﬁltddﬂglm/ﬁllfb@o%]dlawrﬁbd%ftldnhafrtﬁ?étlﬁfrbﬂmhm The Beige nilxed
with the silica gel  vi orousiﬁ/ﬂ@ roduct can contain |lunps that nust be

nmanual | me@ﬁmwas[ mssqlmmbf %rféﬁﬂl bl weghhnihis sbawarin ipege(A) DS tor aces

For 2. atigafih o Natyiine B SRuEhAVTS uydl NG hih AR B st e

about ‘baﬁﬂ)oﬁlﬂvd(ﬂdlﬂQEs? af¥er a&lﬁh@n tdfa\t/atbf]e "Emdmﬂhwdmsmceh%al phaf wa’fek ti§ gllof Na
(113 J/g Na), which appears in the initial trace 510(%< % i s_absent
in  thebydpagmat thinsleet 5005 gram ohfle Ravedes pordreratoUp Ak ST Phits aRGwé #Rat Na

react ed r

silici d%ﬁm kg,gs Jﬂfﬁ%%glléalégtél éoﬁhggﬁétgl% bhb%?élso | ﬁemesmeité%?lhgd]ltol catagmll Hrglgliaeases

about 9{3/1thihe)ibnlhgasteopeprorlnétebahghgdmgm ankhwateeldapgong endot herm of Na netal,
resentlnthelnltl trace at 98 C, .is absent he be nt run,

o noltoAst " i Mhauefis S Hiedeadbraptine o R PR LinclUaisa e Rrabtribos pbfie

Pg?g‘écggl Pﬁ%&lé?ﬁ St g@ i RRkal KEQ Mlany A8 inf efive RIbmNADP RS palaife. iR

(of overal onposition NaSi) in the 15 rimdi anmeter
por es ofigenhearsi fardaldg:@en qsedﬂctmnt rstagmﬂmnnategalt cdgnodegradeoslovly bmdalckmg up

Zlnl)lr Sﬁgglglstllrga%@gztgg i k! (egse? %gtlfggiﬂs oﬁgig%ﬂlt Qe egsﬂ)yd H‘ansfjerref in ordlnary

laboratory air. The reducing ability does not appear to be as strong as the other stages, but it

may be useful in many reductions that do not require the full reducing power of alkali metals.
For example, Stage II material can reduce anthracene to dihydroanthracene in the presence of
a proton source, but the reduction is slower than with Stage I materials. Because of its
insensitivity to ambient air, Stage II material is a preferred reagent for the production of
hydrogen by reaction with water.

[0059] Stage III Material

[0060] Stage III material of the invention is a Group 1 metal/silica gel composition

comprising the product of mixing a liquid Group 1 metal with silica gel under exothermic
conditions sufficient to absorb the liquid Group 1 metal into the silié‘a gel p‘ores and heatihg
the resulting mixture to a temperature of above about 400°C, and preferably above about
500°C. The Stage III Group 1 metal/silica gel composition produced does not react with dry
O..
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[ 0056] The Stage Il material is an anorphous, matted bl ack powder. The
Stage Il Goup 1 netal/silica gel conposition produced does not react with
dry 02 orweibés/adigseai r. Stage ||l material is easily hardirag200a/039304
environnments containing dry air. The | oose bl ack powders of Stage I
material are easily handled in an open anbi ent environnment and do not

changerau t . N e esence .of | ow.hum dity, such as in a
cl osgdm(l:“gtrllr ai n%ﬁltﬁﬁﬁ?%%g ?rtag%ré of @teacg 1) (%Oﬁﬁtlerpiﬁﬁﬁsqlga gHleonesitiopsatteve of
the G inwpntionyed plepsiel Stage MEMakORR@sd Gidtps] Bletal REmiieAMEI HRMNLdHMB Y thi S

material still reacts rapidly with water to yield al nost quantitative
amount & Rerh gfBospereogfe Magasl. [100% MrefeirgdimestBod hibasmixterei isf fimt iheatedftoa

bal | oo e r afhgs~ agdd] ter ;tQ . |.e,.of St age |

codi un T s AR 2 0By Sk e St af drBer B o vl BBripbot  on
was aparpuocimately YOO 400P@oxbr Baverdit@ts. AS thé tEheMtuld)is HBRSsddAbovRY | OF
to th dition of water, the balloon contains a dry powder under vacuum
| rage %%? sﬂéhgfpt%etheﬁamcsw tThs tenstinneappsers de formaian abiealiofetaht-enilicaTge

r educegkogidii Dl UST L St | i t.this stage. One gram of
t he polgv\%)er ts&%dﬁgggﬁa %lt}%&tl’%h %121@@%1: 'qk!'f Sglf’gégﬂﬂ:&%tea his aélnﬂn%g?u%magteg
nmat er i Bibck poveder drag dnésemitt reapowithkirgais olfithereatticd Banbbyslried eNSHpaI depmnd,

with the.onl seou roduct s bei ng hydrogen and water vapor. [0058]
Al t hough hie?‘“?/% g‘gﬁee’ﬁogkf 16 BalUFq & 1hF teRgiony gigpld indieate /thatl prsa leygp-scale

CoNPOShrepAiFordf wbild ndedV# Prdifion HBE él@ﬁta&‘?nclvhl 'f@to?&érﬁt!g %ﬁerﬁ‘f}% ?"éﬁ%ﬁz%yj’ n

reactive chemstry, as a passive reducing agent, a
pr oducthpizeal r@ctign Inl additiosy hedtingaan de gasa dikatilmasthlyvapyr Pingkingds Wt effiBiest Ur

fromt alr t. does not . catch fire and can be easily transferred in
or di naﬁgus’ %B’S'?@tbc?r %Ppé?crlﬁedl'ﬁ%tﬂ?oéa ﬁk\lﬁg ”ég]?el a2 elgesd systemnisdiksty reguised as
st r ongiokirgdRaRipheductibages, but it may be useful in many reductions that

do not reﬁgi re the full reducing power of alkali netals. For exanple,
St age [PP6Hat erdhalStaenll} suirsial armyhhavcenenyt osedi inyrdacivat dheadstrye ak i ddjng

prese our . but the reduction is slower than with Stage |
materin[g SﬁélB%@aﬁégg§%?g%éb&l%ﬁlsoghsi tivity to anbient air, Stage Il nateri al

is a [d0e63rr edsr dagessed f bove,nehdrogiogs i msge@f of hudr egsp ay rﬁ&?l?’stﬂi}i]&n gy th
wat er. [0059] Stgg)/ee 1l Material [0060] Stage IIl matérial of the iThvention
i s a GBWEsHopRehfiedpysitiongeay bo Rispeted i sequsnap forstacly sttrespvostags. &6r ni xi ng

a liquy OUYR4; gl it he-si el ca. gel r.exothermc .conditiqns
suf fi tzé:x grrlll % gggéégf L.qtrﬁé‘fel@gﬁidé 5 a%%g aﬂ&lﬁgﬁaﬁm?ln{h@u’tdg]@ Sitfop o Géﬁgp&r es and
heat i mgsultstie the $arhtating ofiiaxfres-Botvingablaelpewatinestage ahayeriabout 1Ad0Ge, and

preferably above.about . 500C. The Stage |1l Goup 1 metal/silica gel
corrpossf%%%}]le‘g ?@%}H{gel{} afdesed yssse} atA400 \gq torergight caused further reaction to produce

a less reducing powder, Stage II material. Further heating above 400°C causes further
reaction and produces Stage III material. The Differential Scanning Calorimetry (DSC)
traces shown in Figure 1 indicate that the exothermic reaction of NaK with silica gel occurs
in at least two steps. In Figure 1, a Differential Scanning Calorimetry (DSC) shows traces of
a 1:1 NaK/silica gel sample (8.9 mg), wherein the top trace (110) is for a fresh room
temperature sample and the bottom trace (120) is a repeat run after cooling the sample. The
inset (130) is an enlargement of the low temperature region of the first trace showing a
melting endotherm that corresponds to about 50% of the added metal. The total value of AH
for the exothermic processes corresponds to between -100 and -125 kilojoules per mole of
metal.

[0064] Figure 2 shows similar behavior for a Group 1 metal/silica gel composition
prepared with Na;K and an equal mass of silica gel. In Figure 2, a DSC diagram shows

traces of a 1:1 NasK/silica gel sample (5.7 mg), wherein the top trace (210) is for a fresh
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02. 13 WD 2016/161839 PCT/ US2004 /039304 [0061]. As with the preparation
of the other Goup | netal/silica gel conpositions of the invention, to
prepare Svegeosidsisswaterial, the Goup 1 netal is mixed wctrhustévaosdsbi ca gel
under an inert atnosphere or vacuum In a preferred nethod, the mxture is
first heated to approxi mately 215C - 400C, (formng Stage Il material) and

then slowy heated to pr.o te 600C over sever our As the
t enper afa9pbtempergiuesaaple %és%gatm%%%? AfSR ERERtHER ﬁﬁ%‘iﬂ?ﬁgg qﬁ@“?@%lct i on
appear st ﬁé)lr&,@tr @P?};}szaek rgéfﬁ&lﬁlof' the \dvr fe’i’%&?a{t PRI Tr tﬁé"ﬁ'):] st §a0d ﬁid%ﬁn

siliconric Stage 111 |s an anor phous,
bl ack pmetimg entatherho €t nmtespewctstto wntyhabebuy 1 @i rof thef adﬂbdame%c The tvtatlszalue dfe

carried t.ages |1 or heat i,n the e nat re of t
et | oL SiieER b AT L beer 1o ear 100 BASOWHPE EB Pta
provi si gf OKded is| ?(5@1\6@& af & ﬂérag Bonh GerRp SMERL without léﬂfi‘aYY?éént hd BFSMRLtion.

reaction. In additi heating can rel ease al kal1 netal vapor if mxing is
not eff Stageiﬁlt fonnﬂ'lspmtarasuslw upoh heatinggo 8¢5 ar@d °OyandSisge Hkid thedinahprotectar t ,

a cl ose is.likel equited for |arge scale productions. [0062] The
Stage |? ta‘%ﬁé@?" ‘I‘t"i'ga%?%é%"ﬁg%yéuses in reactive chenistry, as a doping
mat er i afoo6snd RaoRiICAGRAPLetatben 1 NOAIScABHlCsaYsSathAbOve,  the
various stages of the Goup 1 metal/silica gel conpositions of the

i nvent i B96fRy bl rﬁl@pﬁr lednertai/%lmugﬁc@ommsﬂem@ hofs thec sysntian s@aageVItletef

gor ot - Seteermiu proRe e st Bt PRSP ot ol e a7

St age Om@al.emhak, advAntafidcusi§agR, conspdsRRAb & thd Bdthtitth tofaid tisd fb%@tﬁjm&e@ﬁﬁlb at
400 C. overni ght caused further reaction to%tﬁboduce a |l ess reducing

powder , Gsupgk Metal eitege Gimatqrigh eanebe hendlechbriefbbiedyoue byhitgeasts dpwhewith

reacti O&f@}H 8%@%&7?&?%1&1%&% ke lB?@&Iﬁ{dstalStag%p? 1Pl d ﬁf Sftltl;lxg ?r? iiﬂfélt Bilica.

Cal ori ne races s dre i‘ndi ca e exo herm C

reaCtIOgtel@‘onﬁdakﬁtmnslhe%bﬂnblb&elg&hre@ﬂ%ﬁ&xraﬂd@dqtoi}%aﬁt two steps. In Figure 1,
a Differentlal Scannjng Cal orjnetry. l(IDSC) shows ces of a 1.1 NaK/si Ilca

gel sanf087l 8. Altkpuegh\ihe Siags b b aidpllt Gew (1meh /ﬁlilm &l sompesitipnsfnihe
tenper aﬁ]ﬁ/@ﬁtl#ﬂg}él ﬁlﬁl@glyt f%g%@?)l E%ﬁhtﬂo@%oléﬂﬁ}eacﬁ}/@ tﬁ@}pﬁgtha'illz’% &HT%L b&R0! i ng

t he sanpl e I nse s an enl arge | ow t enper a
regi on pres&rhencﬂ forats aﬂkaduaﬁetahlnymirovgdes upoel reaatign evithowhiter. nﬂﬂllaatthe:meirahscpm«:rds to

o g e I The, L0 8 M O AALor B pothe
as the basic metal silicate. Neutralization with acid precipitates silica.
[0068] Each stage of the Group 1 metal/silica gel composition of the invention may be
used as a reducing agent reacting with a number of reducible organic materials in the same
manner known for alkali metals and their alloys. For example, the Group 1 metal/silica gel
compositions may be used to reduce aromatic compounds to their radical anions as is
common in the ’so-called Birch reductions, commonly carried out with alkali metal —
ammonia solutions. A Birch reduction is a general method of reduction of aromatic
compounds by alkali metals in liquid ammonia. The theoretical and preparative aspects of
the Birch réduction have been discussed in several reviews. See, G. W. Watt, Chem. Rev.,
46, 317 (1950); A. J. Birch, Quart .Rev. (London), 4, 69 (1950); A. J. Birch and H. F. Smith,
Quart. Rev. (London), 12, 17 (1958); and C. D. Gutsche and H. H. Peter, Org. Syntheses,
Coll. Vol. 4, 887 (1963). The Group 1 metal/silica gel compositions of the invention can be
readily substituted for the sodium in Birch reductions. Example 10 shows a Birch reduction

using a Group 1 metal/silica gel composition of the invention.
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nmetal. [0064] Figure 2 shows sim |l ar behavior for a Goup 1 netal/silica
gel conposition prepared with Na3K and an equal mass of silica gel. In

Fi gure 2,we 08Msd83agr am shows traces of a 1:1 Na3K/sil ipca/usedos®auspi e (5.7
ng), wherein the top trace (210) is for a fresh 14 WO 2005/051839

PCTI US2004/ 039304 roomterrper ature sanmpl e and the bottomtrace (220) is a

t ft th Th | a t of
et owl(tBaPer StighEh ot Brupr P A T Batetficign ot tRReErA SHegeher m
t hat COE%EEMQ%&I? a9 PR30t BO%Rledt hig B doRIIRY coﬂiﬁm‘h@t alF heVWd‘t'fz of

OH for t exot herm c processes corresponds to between -75 and -
ki | oj ouleastigrets thel ®uphng o ttwrb . orSinag eadicals (R) byl umetingttwormolesiof rtlmmmgamc

t enpera n| ficant,. heat production. Stage Il forns

spont anhglﬁfg’?MS’ﬁt ?1‘55?% 400 C, and Stage I11 is the final
product obtai ned by heat| ng M@Z%%-Rﬁﬂﬂz@h)f 0065] Reacti on Chemi stry
of the Goup 1 Metal/Silica Gel Conpositions [0066] All Goup 1

met al / sBk¢ da \@m‘tz cbrpdshiti dws. dB] Hhe2 T (36);ofrr. e Bohi(1 85 Natle L. Wardell,

exot herm cal | d en | ased
ont e Beit Oted it Chsinct. 7385 Se g ditseft i dudnt: | esTisld 7

i nventi gg. Detcalmuiﬂg@oﬂ e@sHip. v(D;tgy Sh. 8he13-@dypodh) et Gr&tpamn&amﬁ@r gal can
be handl ed bri efly in dry air, but it reacts sl oWy with  oxygen and

r api dl y compesitiasisst thesinvetionsan ba seadilpsubpaisuted farjthedediym in o W yrfrreaptingery

oxygen. OPeb e maREERAT L8 f CpRBPRUBLELY i ThEAGH W BHEIHFE fielioge
conposi ﬂeM@geﬁﬁtetlhergani&VMidbgn Exagplell at dhoekya meﬂusn@ndsmgta var@dlpe ntly

reactive, they do have a strong base present and forns al kali netal
hydr oxXi a@@@%ﬁg@WRO@ﬁ%@@w&mmmen the metal content is high (about

Yo ory (ﬂ)%’ls’e) Th tﬁ&l@F ?lglrgéc%ﬂ%s %stu&}ut ra @éﬁ%ﬁ@%?hhéﬁ{ =3 ddaﬂk?écfout

probabl t he basi Treate Ion Wt
preci pi t;\aﬂleﬁrsmp i Ic anethlb@] gEhmbrr@bagensofoft the ﬁwnporﬂ. maAsa b smdamp&)e gthle

conposition of the jnyentjon used. as a redyci,ng agent re W th
a nunbeFOIBPo%lfé‘Hl?c‘?fB’P"e“}YFﬁ‘é‘?ﬂ Ela)?éf’é‘ns?da}”saf} HnErﬁéei rPgﬁ?ngVIRﬁé }6 po
al kal i ?ﬁé@g §u1ﬁﬁ€' té BFddhc@tipﬁaﬁ%yl 9k iSpATRhRnt &&ﬁpﬁe%&ﬁng%h@!de%hw Iggel

CONMpPOoSi be used t0 reéduce aromatic conpounds to Their radica
ani ons amclien: commn in the so-called Birch reductions, commonly carried
out wwth alkali nmetal - ammonia solutions. A Birch reducti on is a general
met hod of reduction of aromatic conpounds by alkali netals in liquid
ammoni a. The oreti and preparative asp of —

@‘ +2 M-SG——> \ / + M,S + SG

where M-SG is a Group 1 metal/silica gel composition of the invention.

[0071] Use of the Group 1 metal/silica gel compositions of the invention allow alkali
metal reactions such as those described above to be carried out under safer conditions due to
the safer handling of the compositions over the corresponding alkali metal or alloy. Use of
the compositions also generally gives higher yields than the corresponding reaction with just
the Group 1 metal.

[0072] Because Stage I material (such as a Stage I NayK/silica gel composition) is very
easy to prepare and retains much of the reducing ability of the parent Group 1 metal, it is
likely to find use as a powerful and convenient reducing agent. Small glass columns filled
with the Stage I powder are able to reduce a variety of organic compounds when they are
dissolved in tetrahydrofuran (THF) and passed through the column. Alternatively, batch

reactions can be carried out simply by stirring THF solutions of the organic compounds with
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the Birch reduction have been discussed in several reviews. See, G W
watt, Chem Rev., 46, 317 (1950); A J. Birch, Quart.Rev. (London), 4, 69
(1950); Awvoloodisigzsh and H. F. Smth, Quart. Rev. (Londeo)xjusi@4/o3so{ 1958);
and C D. Gutsche and H H. Peter, Og. Syntheses, Coll. Vol. 4, 887
(1963). The G oup 1 netal/silica gel conposi ti ons of the invention can be

i rch | GOk Haliahg Far ERRCs S ona: Tk HRoRBRs D o ReBee e
i nvent i ef¥ical anii (l’%@l?ﬁl @%%hf&ﬁ%t@)?ggﬂrg 33tz [rgml)nsfb Foini bl Bé n% (@ ent

reductions such as the Wirtz reduction of hal ogenated organic ounds
such asamt@itennithiephése @érlslredu@dttomhde*adlcdmmm lapd wWomdiely tns. mimtuewfr tz

reaction i oupling.,of two or ic.radic Ies
o ¢ he Bl et R e ARt R RRE TSGR ina® mr Bl et

See A Whtotebohhe €ifBfm Bey@(pe[:t%h Shplidd proded)and AR B#Eh ﬁ&ﬁcﬁéﬁiﬁ)

J. L. Vardell, Comp. Organonetal. Chein. 1, 52 (1982); W E. Lindsell,

i bi d. 19wthragenetto dikidseangitacenebi d. 7, 45 D. C. Billington, Comp. Org. Syn.
3, 413-423 (1991). The G oup 'l mnet aI/si lica gel conpositions of the
invention can be readily substituted for the sodiumin a Wirtz reaction or
ot her such dehaRogentation reaction. Corrposi tions of the invention have

al so been usg ehal og te |nor hal i des. rrpl C Sshows a Wirt z
reducti on @_ﬁé ‘- ,_Fzglzp e ntion_,
[ 0070] I nd% i 2 eful actl%)ns AS su et r &l e/im mi ght

be carried out wth Goup 1 r;etal/scha gel corrp03|t|ons of the
invention. As af exanpl e, the“ conpositions 3f the invention day be used in
an i nproved net hod of renoving sulfur from phenyl sulfide to produce

bi phenyl . The inprovenent conprises carrying out the follow ng reaction:

as-0 +2M03§ +MSHLAl sobRnesiNtSeell SondhdtidMPaslnded abbwd, lid 6aic@ed haRdIBeS lalri ON
of the invention. [0071] Use of the Goup 1 netal/si [ica gel conpositions

of the thepsiagedmapriadwlginteductionef hydrpgenchy wagtion with sgter poguantitative apd it
b d d I
0o B R0 S e Rihut BB 13 brBAICkUONR kel 105 39 B SeR¢'T N0

t he conmsarial OPha exhmpleg &rvan atduge gen/zephdsnogb €n) ty |t1&i ﬂﬂlcfahﬁﬁoﬂ hel 1@6:111{ &ﬁﬁ@ﬂdl ng

reacti on w t he G ou nmet al
benzy{ chlon(?e (2) to glbenzyl%) Numerous other reactions of Stage I and II materials are

possible and likely. The reduction of the representative compounds discussed above indicate
that the Group 1 metal/silica gel compositions of the invention can reduce aromatic
compounds to the radical anions or dianions, break carbon-sulfur bonds, and completely
dechlorinate aromatic chlorides. This material might therefore be able to destroy PCB’s by
dechlorination and carry out desulfurization reactions. The powerful reducing properties of
the Group 1 metal/ silica gel compositions also permit the use of chromatographic columns
packed with this material for the reduction of organic and inorganic compounds that are now
reduced by Na-K or alkali metal-ammonia solutions.

[0074] A major use for all four stages of reduced silica gel compositions of the invention
is in the fuel storage potential and the formation of hydrogen gas needed for mobile fuel cells.
For example, large stocks of the reduced silica gel powder might be kept on conveyor trays
within a holding tank. Addition to water would liberate pure hydrogen gas plus water vapor.
Al] stages produce near quantitative amounts of the hydrogen that would have been produced
from the alkali metal used. The hydrogen could then be used to power mobile fuel cells. For
example, stocks of the Group 1 metal/silica gel compositions might be kept on conveyer trays

within a holding tank. Water is then introduced and the mixing with the water would liberate
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[0072] Because Stage | material (such as a Stage | Na2K/silica gel
conposition) is very easy to prepare and retainsmuch of the reducing
ability olotbes/pagent Goup 1 netal, itis likely to firdTuseodsssopower f ul
and conveni ent reducing agent. Small glass colums filled wth the Stage |
powder are able to reduce a variety of organic conpounds when they are

dissolved in te hydr of uran (THF). a assed throu h th | u
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indicate that the Groug@l metal /silica gel conpositions of the invention

can redersinyusingsilica gebhppinade make: i stablegenoygh 4o mepks ib frogy ﬁﬁ. 'z%sto PHpafak
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carry ooniheld@slw impartaaﬂamaotwamﬁetaisnsuchTatsedlmh\metﬁlsJ Whﬁ‘dlﬁm mgtapwaspetmuﬁ&rof
the G oup I/ sjlic ositions al ermt the use
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or gani Ch@a‘?éﬁﬂo%‘if %étgteq&rm%gg%;)g@} are now reduced by Na-K or alkali

met al - anmoni a sof ut1 ons. A major use for all four stages of reduced
sili ca 876k onfasnpdstions oismghdkalmuacta]son g. issdium, tndaskiuel, &¢. ordalg'eerpmtlefnu al

and the formation of hydroggn gas nee f.or nobi | fuel | |

eanpl SSRGS Sk BTGPl SPPHL JEPTSSIED HP ghe Bl S

conveyopatbhta¥Splication 10/248,765, “System for -Delivery of Active Substances”, which is
incorporated herein by reference. Due to their stability the Stage I, II and III compositions of
the invention and compatible with such active ingredients, e.g. fragrances. In yet another
embodiment, the invention also relates to a such compositions containing Group 1 metal/

~ silica gel compositions of the invention. For example, the deodorizer composition may

contain about 5 to 15 weight percent of a reduced silica gel of the invention, 10 to 30 weight
percent of a fragrance, and up to about 75 weight percent of a neutralizer and/or organic acid.
In addition to the fragrance, a deodorizer may also contain other active ingredients such as
disinfectants, surfactants, and colors or dyes. The reaction of the Group 1 metal/silica gel
composition with water distributes the fragrance or other active ingredient.
[06077]  Examples ) , o o ] ,
[0078] Example 1: An exemplary silica gel, Davisil 30 to 50 mesh, was obtained from
Grace-Davison as a free-flowing powder that is listed as 99+ percent SiO,. However, it
contains large amounts of gaseous material, probably water and air. In order to remove the

gaseous material the silica gel was heated under vacuum in an evacuable Erlenmeyer flask,
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within a holding tank. Addition to water would |iberate pure hydrogen gas
pl us water vapor. All stages produce near quantitative anmounts of the
hydr ogen wbaboswudsd have been produced fromthe al kal i pogtuskoussados The
hydrogen could then be used to power nobile fuel cells. For exanple,
stocks of the Group 1 netal/silica gel conpositions mght be kept on
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about 75 wei ght percent of a neutralizer and/or organic acid.
groups and other sources of hydrogen. Alkali metals can react with such groups during

to

sample preparation to release hydrogen. This reaction is presumably the origin of the
detectable amounts of gas formed during the mixing of the metal or alloy with the silica gel.

[0080] Example 3: Using a stainless steel pan inside of a helium filled glove box, 14 g of
outgassed and calcined silica gel was mixed with 9.7 g of Na;K from a Pasteur pipette to
create Stage 0 material. The Na,K was added drop wise to various regions of the silica gel
coated pan. The drops of alloy wet the silica gel and could be “squashed” with a spatula to
aid the alloy inclusion. The product never got warm and appeared to have a very shiny
surface indicating free metal on the surface. It appeared that the Na,K was not completely
absorbed into the silica gel pores. The sample was then setup for Differential Scanning
Calorimetery (DSC) by putting 3.6 mg of the sample into a DSC pan. The DSC was run from
~ -55 to 60 °C, held for ten minutes, and then re-run. After, the sample was run to 450 °C
twice. The endotherm of melting corresponded to ~135 J/g metal, which is slightly higher

than expected based on metal added. The weighed mass could be off or we could have
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In addition to the fragrance, a deodorizer may al so contain other active
i ngredi ents such as disinfectants, surfactants, and colors or dyes. The
reacti on wb 200s05@30up 1 netal/silica gel conposition wpCh/usaian39304
distributes the fragrance or other active ingredient. [0077] Exanples
[0078] Exanple 1: An exenplary silica gel, Davisil 30 to 50 mesh, was

obtained, from G ace-Davison a f -1l ow | i st 99
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metal or al t he si a gel
metals, such as sodium and potassmm Outgassed and calcined silica gel 13.5 g, was

weighted out and about 7.3 g of Na metal was added. The silica gel was outgassed with
heating to a pressure of 3.5x107 torr. The combination of silica gel and Na was heated first
to 150 °C for 1 hr, then shaken vigorously, then heated to 200 °C for 1.5 hrs. The material
was shaken vigorously approximately every 30 minutes. Lastly, the material was heated to
300 °C overnight. The powder looked loose and free flowing. The temperature was then
raised to 400 °C and the material was heated 3 more hours.

[0083] Example 6: In preparation for NaK inclusion into silica gel, 3.00 g of 600 °C
calcined silica gel was placed in an Erlenmeyer flask with 3.012 g of NaK. The NaK alloy
was made with 5.562 g of Na and 9.433 g of K. This mass of NaK has about 50 mmol each
of Na and K and 50 mmol of SiO,;. Therefore, a 2:1 mole ratio of metal to Si was used in the
sample. At room temperature, the silica gel began to turn black and went to a uniform,
pourable shiny black powder within several minutes without any noticeable exothermicity.

From the sample, 22.6 mg were removed for H; analysis. The H; evolution was performed at
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[ 0080] Exanple 3: Using a stainless steel pan inside of a heliumfilled
gl ove box, 14 g of outgassed and calcined silica gel was mxed with 9.7 ¢
of Na2K fwormes/Basgbeur pipette to create Stage 0 mat er ipalrwsidva/obsakK was
added drop wise to various regions of the silica gel coated pan. The drops
of alloy wet the silica gel and could be "squashed” with a spatula to aid
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Crather than at the bul k onset tenperature of -13 C. The smal|_ val ue of

AH (9 Jingicatingklmdspno spw@n|wnﬁlnpéygeaunébweﬁee@ ofpnpfpture.7 I ;tsgoqwbbl tofuse
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cati ons. serice ree al s or on the

sur f aceegimplélave ﬁadelpiapa@@d a péatuked bitica mﬁgmagm I\xatlﬁﬂeﬁga stuﬁﬂai ﬂoyhaftrdeecrmfed
oxidation_in dr% air. [0082] Exanple 5. The frepar ation f Stage |
mat er i ain Bsgnme pérrhﬁéﬁlﬁﬁE ‘{6‘95 RigPared by adding 84t 4 foSﬂﬁaag@ tor33ige of L?&éKI

materials, | erél%)eygr REskY MRiDE-fill Qb%&x. TR 6 bl @e{rﬁﬂlaé with a 1:1 mass ratio

of NaK to silica gel have also been prepared. Lastly, a sample was prepared with a 1:4 mass

ratio of NaK to silica gel. All of these samples formed Stage I free-flowing black powders
that are stable in dry air. Long term storage in the glove box resulted in no detectable change
in properties.

[0085] Example 8: We had a liquid Cs spill within the helium glove box. This led us to
discover an effective clean-up process for alkali metals. Silica gel was poured upon the Cs
spill and was mixed around with a Kimwipe. All of the Cs metal was absorbed into the silica
gel turning the silica gel a black color. Thus, silica gel makes an ideal clean-up material for
low melting alkali metals and eutectic alloys, such as NaK.

[0086]  Example 9: The behavior of pure cesium was similar to that of NaK alloy, as
shown in Figure 3. In Figure 3, a DSC diagram shows traces of a 1:1 cesium/silica gel
sample (6.7 mg), wherein the top trace (310) is for a fresh room temperature sample and the
bottom trace (320) is a repeat run after cooling the sample. The total value of AH for the

exothermic processes corresponds to about -120 kJ/mol metal. Note the absence of a melting
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metal s, such as sodi um and potassi um Qutgassed and cal cined silica gel
13.5 g, was weighted out and about 7.3 g of Na netal was added. The silica
gel was owpgaswsms3si th heating to a pressure of 3.5x10PETiUSRE04/039364

conbi nation of silica gel and Na was heated first to 150 C for 1 hr, then
shaken vigorously, then heated to 200 C for 1.5 hrs. The material was
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roomtenpeéerature. For o _ _
of this anion. This radical anion is stable enough to persist in solution for many hours. This

reaction can be performed using several reaction setups, such as a batch reaction, a layered
(alkali metal-silica gel layered on top of commercial silica gel) chromatographic column, and
" amixed (alkali metal-silica gel uniformly mixed with commercial silica gel) chromatographic
column, typically 50:50 ratio of materials. Either the layered- or the mixed-bed
chromatography column could be used with the alkali metal-silica gel to reduce anthracene
and protonate the resulting radical anion with its retained water. The product is 9,10

dihydroanthracene as expected. The reaction may be illustrated as is shown below.

SG — + M'-SG
CI\/Q + M-SG AN\

H_H
PN by NP NS
. CO0 7w — CLO -0
AN /H>(H/
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exanpl e, we have prepared a reduced silica using Na3K with results simlar
to that described in Exanple 5. The sanple was prepared by adding 8412 ng
of silicavgebos318383 ng of Na3K in an Erl enneyer fl askpcms2évalosasozfilled
gl ove box. Two other sanples with a 1:1 nmass ratio of NaK to silica gel
have al so been prepared. Lastly, a sarrpl e was prepared with a 1:4 nass

rati o of Ktao.silica se s | es d

free-fil8 b% © ;?o ﬁnm B 1% %ﬁ P Caer? gbrﬁgelt{éedr ﬁ;[l%l% of age
in the eﬁllt}S}M@enQ% T'}ESH:!I bs‘sq dgé%hfmlgﬁat@ateamea cORMIDES the GrBiP PehdthlerSsilida085]
Example 8: W had a Cs spill within the heliumglove box. This |ed

us to ahingosition ca”rth@ilfvenmm eTh¢ wiﬂ upthm ense a8ing Gitagel kamterigbwas 22%fithea gel

d
the Co. drared PRfuc e dieiohThyiof B B ISR, MR, e BMifiEuustoh

bl ack cglfed id AUDO Bividiga TaR illiRkes the effilgalcy @Emy@ Mh&idnaﬂor haeactdrow
nmelting alkali netals and eutectic all osy such_as

|
The behthet teadibf fq@msa r@éls:ahanlm The RG-MS prplysigef 2 bﬂllq\aar@tm ng)(liuca l?ar{pélﬁgm in

F
el e wRloPRg) Swilo oo BERETL R d Coonly BnducefiED Al P90 ¢
t enper 3&1H¥I(ﬁo§1ﬂﬁﬁlc@manﬂ shbeld Hmﬁdtedﬁhat ac}im(rﬁaﬂ))ma&geapﬂlgpeﬂi Stagn Thiaserial

cooling the sa The total value of AH for the exotherm.c oCcesses
cor r esposigad pﬁgglae&tmatqr@é yieldsefplessrodpct, Ngicating dhag pecdighien & Slawgre‘fvttﬁ s 21

WO 2005/.05 eBaI%gvg g{[%u;ég& O&lgéagg?l 04 eeﬁa’c% hgr ]??g‘afescﬁ)r b alleactf%'ﬂt with! H0Rag0 1M Oéos

Cs contairns 1éss . I't1 ng endot herm of
met al V\HézKJblﬁeatgddnaténetlj'(esn)aomphlaﬂﬁ)ents Four sanpl es of cesiuml oaded

S|I|ca eI have been prepared; d h ddi t.i
and I AP IaddVes o OF CULFUNTBRoE £b AL SH9HE v aE| B
thr ee pé u‘?&ié Q0$hd Wﬁﬂj reachi&e il VARERD Qe RRYSERASon THE at dM?or\vS@eH%n REAKS in

addi tion re pr epar e roomtenperature” and 40 C, respectively. Light
I oadl ng@oupimg s fourm a nev2 Garberi4parbyn berpb rWibhlaswdawm 3 bulls allfabirmetal anddhe é@lﬁt
silicat S ue in_color. Hi conce trations yjield I WI n
bl ack pONGFEDORDAT I, S dgeRton el OF BT Ld R uE A alwp PR R
reduced, &@nng Qéht:ab@wag ciitibd 68t WRh ~V80 MoldT®cen 0 hlorias dbolhedin. 107ar oiexHle e,
Figure 3 shows the DSC result of heatlngl Stage | Cs-silica gel to 650

C and themeduetiemtithy~1.Ae ebStage I arflslica gelcla#eb@l (~38¢H WhatN%zﬁé» fRagtaal

heati ng_r.esul t LR an ex herm

r eheat etFILSHAR Q%,ﬁﬁlogc% 1%&?\%523 élt%ﬁu%¢]ﬁ%t5%ﬁ ‘fb%m?erl a drfgtta e Il

and t heegRsiaatitionf rebultddhar asc@ﬂplaegarmo% @@elﬂl\ohbrpfusteSth@geaﬂd IStagat Br i al
Na,K/silica gel materials (~30-40 wt% NayK) upon rapid passage through the column.

Therefore, speed of column pass through will vary the extent of reactant conversion to
desired product. Bulk reduction had occurred after 3 hours of stirring with the Stage I
Na,K/silica gel material. The only product detected by both GC-MS and '"H NMR was
bibenzyl (See Figures 10A-10C). Figures 10A-10C show the results of an analysis of the
product of reduction of benzyl chloride in a batch process. Figure 10A shows a single line
GC trace, Figure 10B shows a mass spectrum of GC product, and Figure 10C shows a 'H
NMR of the product. The MS shown in Figure 10B matches exactly the MS of bibenzyl.
Note the complete absence of the peak for the reactant benzyl chloride at 4.6 ppm.

[0090] Other dehalogenation include the dechlorination of 1,2 dichlorobenzene (partial
through the column, complete in bulk). These tests show that both aromatic and aliphatic
halocarbons can be readily de-halogenated by the Group 1 metal/silica gel composition of the

invention.
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[0087] Exanple 10: Al of the alkali metal-silica gel powders, from Stage O
to Stage I, are able to reduce anthracene to the radical anion by Birch
reduct i onwoBhes/osesduct i on was observed by the fornmati onpofi/isrodsnssnse bl ue
color of the solution and verified by obtaining the optical absorption
spectrum of the product (See Figure 8). Figure 8 shows an optical spectrum

of an ant hrac radi cal ani on obt ai ne the red ion of anthracene with
the Stage | icy,cpf +thg-S@vent 5o EH, LS esselicid &y the sane
as the known2 trufm of this anion. radi cal | o?f s é,ltaéa | e enough

to persist in solution for many hours. This reaction can be perforned
usi ng several reaction setups, such as a batch reaction, a |layered (alkali

net al - gidg¢a Khed : i AN hi c
Col urm PUAE" IBtact B U2 0 O fHariGh T G Blockitop SRufes) oo el BRHAP
commer giabllerss hid gietid myetad afpradyctp hit ovasaethemsurptisipg cthkieforb OthaOthe dtatah of

terials. Eith th | - t h i.xed- bed t h I
T Btioat Ape BB e g g S S 1 6 s R BRI R R T o
pr ot ong;p@lglﬁﬂ% ;aig%{ltl o, shwh abw R (mﬂiﬁéd%yﬁ%tﬁ@@ﬂd%cﬁlﬁi NI (feecoduct

is 91 racene as expecte The reaction may be illustrated as
i s shoWigured bl-1+CM Figured 1 A-NECSGow2tHe resllts+ofl atHhnalysis of tH22prddn@FHN051839

PCTI US2004/ 039304 0088 i gur sh 1H NVR spectyum of .t he_product
of & BPYCHISRLAHCE rotiios of wiiw] OGRS SesStagy 1JHCSaU T s GRS TRBE bec
col um 19 dbiGs @ Qhfle beABGA trices Fikbiifeal BB khow 0BRSS speRBulf off GE froveAtdan. The
yield in this case usi ng Stage | material was 92% of the desired product

and t h&iguoe 41Cshows antlINMB ofdke productt Hde NM& imifigured 1 CHe priterily the NMR
experinmentation ..resulted in a,100 % yield Thisg. illustrates,th fficiency
of "t he Seierain PR £, il Anagy i biidiee L Sbip Bt L dfeefironn on.
The GCohMarctoah \W&bd a9fwell Rykdémeé edshylofilfdosiactant. hahe haed dasst B quslifaided
with t-butanol showed primarily | y ant hracene and_9, 10

on
di hydr beeaune aENNR overlaptip mhwrea@nrﬁtcé@micab%hiﬁ 6t urnand R8dwa byt thsyodict B St age
Y e ol dof, - oHat | B e
o B AR 8o, TSl RSB A cbRAeC 3 | 00
dat a i prdceguihasis§ mirtidulaly édtdulion hydrbcatbdi dgalfirizaNeRK/ sddin GC-YES shvateel i al |
(-30-40 W % Naz2K), 0089] Exanple 11: One of the earliest reactiagns of
al kal i thesRrgparyrednch iphengh %Bbw@s H MK, ghapygdsthe pregence 6 ofhr iodees-

de- hal ogenati on of a chlorocarbon results in coupling to forma new
car bon-carbon bond. Wien used with a bulk alkali netal and the neat

@-S@ +2 M-SG—> \ ) tMS+SG

[0092] Example 13: An important initial question for the use of the Group 1 metal/silica
~ gel compositions of the invention was whether metallic Group 1 metals are present in the
reduced silica composition. To test this, a sample of finely divided sodium and silica gel was
prepared. Since the sodium tends to agglomerate easily, it was prepared by evaporating
ammonia from a frozen solution of sodium in ammonia. Three portions of this material were
tested by differential scanning calorimetry (DSC). The heat absorbed upon melting sodium at
98° C. was used to determine the amount of sodium in the sample. This was followed by
broad exothermic peaks between 100° C. and 490° C. There was also a sharp endothermic
peak of unknown origiﬁ at 280° C. Upon cooling the sample and reheating, no thermal peaks
were observed. This shows that heat treatment completely removes free sodium, presumably
because of reaction of sodium with the silica. Moreover, solid state Na NMR showed no

metallic sodium present in the reduced silica gel composition. Additionally, it was possible
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chl orocarbon however, the reaction can be dangerously explosive. As is
shown below, this coupling reaction was carried out with -130 ng of benzyl
chl ori de wozs@osegdoi n 10 Ml of THE by reduction wth - 2c3g2ab/08i3age |
Na2K/silica gel material (--30-40 wt % Na2K). Partial reduction (-30%
occurred upon rapid passage through the small colum. However, further

St Bge 00 PRI Bt G oHROB ToITE TORiEtAGGHoR RIBR) TNbA A Aphe Jhekabe

thr OUQQe%ct?i%n‘E&Idfﬁ@hnic T1ehefedhced SRASHIIRvafe iV ARproRfRtd P G630 1 SN Anoy Nay t he
extent of reactant conversion to desired product. Bulk reduction had

occur r echieli iscabodt AUrof thit oftpiure sovjumi Thust He Graagel metalsibigg g¢ll doppogidions

mat eri al... The onl roduct. .de t ed oth GC..M5 and 1H NVR was bi benzyl
(See Ficﬁcﬁhee’?"i@ﬁn{régﬁe "IﬁIn@&F@@% %%@%fgmﬁ%‘w@ W@%ﬂl ts of an analysis OIY

the prggemt ofrng adue tdntiindforbuarmth Blak@liid Foinied wastthén RIeRe@EfRed by GHs e 10A
shows a single line GCtrace, Figure 10B shows a mass spectrum of GC

pr oductaddaivg ofiHUrand hack-$itratien with spdinwrbysiioxifie Pheodiffetencehetwren dhoweauli n
Fi 1 tch tly th f hib . Note.th
T ol I B e o ST ey

dehal oggrapilometal ot fQct WRh @ﬁ@hg&%@dﬁﬂi thefprdpatatéhinCol releadeeiaiesieen( PEis | al
t hrough the colum, conplete in _bulk). ese tests show that both aromatic

and al iTpariionds presioehhbihe rigimh ob they lags apows -afgep demadedrrng thpandfing ot 1

net al / si l,i ca. gel conposition of the invention. 23 WO 2016/ 161839

PCT/ Usﬁg%ggtﬁggres C 5 8 oM s6 cHeCH2 + 2MOI - SG [0091] Exanpl e 12:

Sul fur @941 natEixemple LM Pignadat bbnS56 widd sdeRins potapsias esduceadisilica pelobl ens and
yield a %i ad_of products. 1t was rather surprising, therefore, thai1 t he
batch [0893t i ofitsh aperr ) & elsikicayeelwyasrheaied g air oNgowgliof PRY "G de opt-gasgha o we

% Na2K) .yi.el de I bl I : I i

ver i1 vaossedoo P Be P SREE B wEr LB Sihkcd3TT M A5 Bl D0 T YRRr |
show t hegh &atiuns (2f102ntoai dh yai slapted tlore-pecidBidénnadyenflaskov dent, ghe flosit whas
reacti on of phenyl sulfjde wth the Stage mat er i fo.t i ti

Fi guria placed 15 tuge- Il%glgv%%%vmqugg ,tedf PYhr iﬁﬁéoéﬁeg?ylnﬂég@r '538‘3& rum
of GC kd 10 ﬂﬁk%t?ﬁ%t%ﬁ%%%ﬁ@%c@gél% %ﬁbefso.tshqnﬁs%t%f silteegdivR 1N

Figure I's primarily spectrum of biphenyl. , It also shows the
pr esencNalf Aththormfiatrtie iNaBnbegae tdevet ¢heosilica B¢1cﬂudgg¢ risg dheasilioe B¢l tlacksone

N TN R e U SN R N T e
I'S small amount of agitation provided enough activation for the entire sample to be converted to
a free-flowing black powder (Stage I). Upon the reaction, there was no detectable heat
release. A second sample, warmed with a heat gun, spontaneously reacted exothermically
such that the flask became too hot to touch. Presumably, this converted the Stage I material
to another form (Stage II or Stage III).
[0096] Example 15 — Preparation of Sodium-containing reduced silica gel.
[0097] First, 2.25 g of silica gel was heated under vacuum to outgas the silica gel. The
flask was then removed from the heat after no more gas evolved and the pressure reached 3 x
10™ Torr. Next, the flask was then placed in a glove box filled with helium via an evacuated
port. After being placed in the glove box, 1.135 g Na was added to the flask. Liquid
ammonia (NH;) was then freeze-pumped once and distilled over the Na-silica gel powder,
thereby causing the following catalyst decomposition reaction:
Na + NH; - NaNH, +% H,
[0098] The line was then incrementally pumped out because of the significant amount of

H, which evolved during the catalyst decomposition reaction. Any remaining NHz was then
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nostly biphenyl. Simlarly, sulfur was conpletely renoved from

di benzot hi ophene, a process that is particularly difficult in hydrocarbon
desul f uriwet2ngsmsigdgai n GC- MS showed the primary productrcrasbesbsghenyl ,

al t hough 1H NMR showed t he presence of other products. &S -0+ 2 MSGT \ /
+ M2S + SG [ 0092] Exarrpl e 13: An inportant initial question for the use of

the Groy ed@ﬁ(géhfng{ G5 Bt €ATPIS! {0ONir ONokthd MRS BRaibBS bR dET

netalllc s are present in l'ica conposition. To
test thi, urdtles daRluen @bnditios. yAfter heteihgs toti flaskawak pllabedcbaogelh thaglovmrlﬁprar ed.

Si th di tends t | t [ i d
ovapor SRRIAA T AP R U0 c 851 IEoHrobYiab BT M AHABH IO e e
porti orgﬂgé R&e}g{ﬁda{g%% ?‘{?%%1' at66:8 ter}lﬁéraeaﬂe bgh@' sddoRll etmraaalnd%aﬂﬂ Ivms @ﬁbﬁ{g’ netry

(DSCO) . upon nelting sodi um at C. was used
det er m 603nigd)and ri30nig, mésps«sti:biely)‘n were tpieeed amﬁhe .gloﬂal b:omﬂt@ezélol ﬂ"bvvéiftlbsampic oad

exot herm ¢ peaks bet d 490 C. al r

endot hellg?®e) Wé%lRlaB?‘%Ne VB‘} P%i%FF beng Wnﬁf’ ‘ng%\?@%)orpiﬁ’ﬁa]f ?3‘%}%1 e and
reheat i 999 no Eher 5?41636? ara¥iBh 8f SOEEMY &R taidill SedibOYGIENGY heat treat ment
conpl et Iy rermves ree sodi um presumably because of reaction of sodium

wi th t hgg0300]i c &Firstyr2986gf 998k isidiics ek @OMH) RAR) sraswddechty annigdlesimayer Sagk. um

present |n t e re uced sjli.ca, gel osition. d|t

bossi bl B sHhcestiend BeArebOoR tagihers o fR o gen
reacti OwltHfa t&*&ﬁ Wh@%&h ﬁlélgcbyp@ﬁis adjhdtedto ¥t yeﬂbwrnp tb1Be heet flghe. EREt i ON
(exothermc) of the reduced silica with water is approximtely -136 18

kJ/ ol INaing whil ot igassitgothe siiBogst, apnmxxmatebu2é4§ Hicargelgempied @rlﬂua 1

metal /sil.ica coRpaQsi t ve I | eat
when 1 tvBEEE 2 P warerto<F SpsdherRECHET bt  EPRGuRPRT 2100 RRE
formed wasr Eéi@@h@h@éc?@ﬁl)ﬂ bfa Warerollediitd bﬂh‘ndéfs aildl addedltdoihe Klaklt. t Thé ta@gbtvm th
sodi um hydr oxi de. The di fference between this result  and the reduc

pover | &npidsofdlt ywas hdgsurds e e meadisdetn ithe ithskothesprassye otiisa
o oup LBl B fRP 1686k Pnb HaSl'ERs %Qé&gh%mem ff&%m&lﬁmﬁrs%amakeuﬁl%ease

hydroge?‘P eac I'Oh "1'S presuna e oril n of arge anount of
gas fornetk ghses aglhidde mlﬂashg/a@thenmdiednm oo tmngurammmd sedled offiat 2x 5 .
[ 0094] Exanple 14 - Preparation of_a 50 _wt % sodi umﬁgtaSﬁ%o l?eg\é ed silica

gel . [ bogs) Nexty ghe flao s heatgd gntikppy Mg GIpaIRRg e bicely? M2ght  at
S00_C Bty 15 sk Lo e o, yunl oyl s e, i
an adap2EECI megmgbtckTEelsemp’frywas themsdistritused, inthd ¥inkss kAllakour vials (812mg,
771mg, 823mg, and 525mg plus any remainders, respectively) were placed in the freezer.
[00101] Example 17 — Fragrance Testing
[00102] Two samples of Na / silica gel mixture from Example 2 above were obtained from
freezer. The first sample weighed 520mg. 684mg of Citrus Oil fragrance was freeze pumped
3 times to a pressure of 2x107 Torr and placed in a He filled glove box. The first sample of
Na / silica gel mixture was then added to the Citrus Oil in the glove box. The sample was
then evacuated with liquid N, cooling. The sample was then allowed to warm to room
temperature and the gases produced by the reaction of the Na / silica gel and the Citrus Oil
were measured. The sample was then held at room temperature for 110 minutes to observe
reaction. The sample was then cooled with liquid nitrogen and water was allowed to
condense ento the sample for 5 minutes. The sample was then allowed to wenﬁ t‘o permit
reaction of the sample with water. All gases were then collected and measured.
[00103] The second sample weighed 109.7mg. 161mg of Citrus Oil fragrance was freeze

pumped 3 times to a pressure of 2x10 Torr and placed in a He filled glove box. The second
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placed in a heliumfilled gl ove box via an evacuated port. Then 3.0 g NaK
(1:1 nolar ratio) was added to the flask that contained the silica gel to
forma 50wBQossassspati o of silica gel to NaK At this poirnsdbesdNak began
to wet the silica gel surface turning the silica gel black. After renoval
fromthe glove box, the flask was evacuated to approxi mately 2x10-5 Torr. A
smallamm Lg-at ioon i chi.vatl for ,the entire.sanple
to be conve%tog a?gbﬂlgéigglerél?);tﬁ%vﬁ%gth%ﬁ%ggéhpgo{gr&?@?g)die%} f}%e @8‘6 P¥re The
react i ospmplhere theasvamatiet with sighid Nveaioling.e Taasanpld veg GRialaaal 16 wararged

wi th a heat, gun, spontaneously reacted exotherm cally such that the flask
became 68 tﬁgg)e{a(t)u £3ugHhe gqsg?sﬁ/mgmeabytthp geaction ef thedVa helisy gg)and theeCitrusal

t o anot Ogrwéerttdssiaoe t I [ +1Freparation of
Sodi um cont ai ni ng regugggl Sglﬁlpgcgggglién %%%9"3?8@%‘5@%@3% (%116)&"?'?1{065 t&el
was heaetsgrvanerntionadha sampleovasghen ¢dodedswith diguiglatitrogemeand v Askw el dwednio
renoved from'lt\?gi teat aftgr k§1o.m)re %?S evo] ved and t he (Eressure reached 3
X 10- 5CORJRISeIQRIQ the spmple TS MuiRutes, o Ahe sapaply Was thepyplowed éx Werm te pewhit h

hel i um ph@ioabfeNSGaIe dithRRdtér. A baes Rel i ve box, 1.135 g
Na was added to the flask. Liqui dg aﬁfneiqge?ﬁa%?g\%ggdt g?}%@eeze punped
once an@0i94: i Exaapls/ks— DeedatizesCoinpasitjels powder, t hereby causing t he

fol |l ow t al decopposition reaction: .Na + NH3.4 NaNH2 +1/2H2 [ 0098]

The 11 OREE £t ot B RRRARL P OPRURRE oBfinine Lok cificr s P gai &1 e

anmount Hitarbbiite0. Th gasealing dostbiniddrelii@dcatiéd Y8t agle 62RO $iabiAk. ?\agéchﬂgf' dAny
an

remai ni ng NH3 was then 25 WO 2005/051839 P / US2004/ 039304 renpve
the fl adsRdowzer spamesttion eqntaning 108 52 Térie . ackbx?.35 theodiliaskicavhendieaddd gith a

heat : : L1 ons. r heating,, Lh | ask was pl aced back
in the%ﬁ%%g%§1£%§%§%?°é %%Qisanfi @éénf i Sers et @dﬁﬁlrﬁt%ogo@?eélcgmg?ﬁgmﬁ r st
vial (Z%bam)ing@s3 pesimicedtid, (0038 phediugl Bicartdaxeand 1 iBsodiar@dtadting 9QMced
tenmperature. The secgnd, third, and fourth vials %09@, 603ny, and 653ny,
respect%‘hf@l%‘?}’a\ﬂgpes% 4€'@8°S-n the gl ove box freezer. The fifth sanple
(122ng) was placed in a sealed vial before being dunped into a 1000 niL
beaker of water. [0099] Exanple 16 - Preparation of Sodi um containing
reduced silica gel [00100] First, 2.2786g of 99'-%silica gel (30-50 nesh)
was added to an Erlenneyer flask. The flask was then heated and out gassed
under vacuum conditions, first wth a heat gun, then wth a torch. The
torch fuel (02) was adjusted to give a yellowtip to the torch flane. After
heati ng and out gassing the silica gel, approximately 2.145 g of silica gel
remained with a
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.volunme, of 2.5 cnB. The flask was then heated and punped to a pressure of 2 x
10-5 Torr. After being heated, 980ngy of Na was rolled into cylinders and
added to the flask. The target anmount of Na was 1.0g. As the Na nelted in
the flask, the pressure changed to approximately 10-3 Torr. The flask was
heated intermttently for 90 m nutes under vacuum as nore gases evol ved.
The flask was then cooled to roomtenperature and seal ed off at 2x10-5

Torr. Next, the flask was heated until any Na renmaining on the walls of the
flask was distilled onto the surface of the silica gel. Finally, the flask
was t heWhpt laédalmied Ist f urnace at 210C overnight. The sanple was then
distributed into 4 vials. Al four vials (812ng, 771ny, 823ng, and 525ny

pl us any remhi ndeAsGronpdpeetal/sikta/gel wempogliaicpeparad bfie preesvel:. [ 001011
Exanpl e 17 - Fragrance St 0102]..Two sampl es of,.Na /. sil.ica gel
mxture f1om ExanBReTSe igue Tl 1ok e PR ae A PET S s anpl e
wei ghed,a2Qp8ere 68 Gsoderfdal Edmlitlnk shfRIHARCHsYMShE lIEHALBUPNektal3ntoith®s to a
pressure of 2x10-5 Torr and placed in a He filled glove box. The first

sanpl e sfica & poresi Wheraingbe Grpw Umetaligdice gelrcomppsiongredrsedraacissvity dryiQe. t he

gl ove box. The sanple was then evacuated with liquid N2 cooling. The sanple
was then allowed to warmto room tenperature and the gases produced by the
reaction of phe N&hé Gsblp Fmeghiliri dell ddenpobitiod 9f Slaim 1WelieiiBias pureslof shite
sanple was then held at roomtenperature for 110 mnutes to observe

react i ofilicazd hawpin avanees nqﬁ@ﬁze;ggqtmowmwlx PQtsi HOOH Ak ogen and water was

all owed to condense onto the sanple for 5 mnutes. The sanple was then
allowed to warmto permt reaction of the sanple with water. Al gases were
then col | ect 8d anThéGasuy Eehet{/0NiLAZE chtposkiand chanyll whateinghepbrd OO said) .
161nmg of Citrus G| fragrance was freeze pu d 3 tinmes to a pressure of
2x10-5 YHER 2dh@vprmasdagePosc fge p ?H%@P‘lﬁia&l/}élﬁg: The second 26 WD

2005/ 051839 PCT/ US2004/ 039304 sanple of Na / silica gel m xture was then
added to the GCtrus Ol in the glove box. The sanple was then evacuated
with liquid B2 co@he Ggouplhemetdisilice galbonigosnioalolf olahd 1t whaseinth¢ Groupcbmetal is

t enperat yre d the gases produced-.hy the reactjon of the Na / si]ica gel
and t hotsas8Oment efiip GonbERg e, SErpPea 1 RPIRP @t F1ory GepHD |
t enper apjiifs f@feof 10 M nutes to observe reaction. The sanple was then cool ed

with liquid nitrogen and water was allowed to condense onto the sanple for
5 mnutes. The sanple was then allowed to warmto permt reaction of the

SEi‘gprrlple eWI1t8h_ \glaDtegaglhé ?é?‘ﬂg %&%{Iﬁafgglecnon?p%ls{tﬁ%to (gla?nq W é’j}gilrjlrtﬁg Gngu%ollr%%lal is

a sodium-potassium alloy.

6. The Group 1 metal/silica gel composition of claim 1 wherein the Group 1 metal is

present in an amount up to 50% by weight load.

7. A Group 1 metal/silica gel composition prepared by a process of:
mixing a Group 1 metal in liquid form with porous silica gel under exothermic
conditions sufficient to absorb the liquid Group 1 metal or liquid Group 1 metal alloy into the
silica gel pores, wherein the Group 1 metal/silica gel composition produced does not react with

) dry 0s.

8. The Group 1 metal/silica gel composition of claim 7 wherein the pores of said

28



.[00105] A first deodorizer conposition containing 0.8 g citric acid, 0.35 g
sodi um bicarbonate, 0.11 g sodium containing reduced silica gel, and 0.27 g
fragrance. A second deodorizer conposition containing 0.8 g citric acid,
0.35 g sodi um bi carbonate, 0.11 g sodium containing reduced silica gel, and
0.35 g fragrance. A third deodorizer conposition containing 0.8 g citric
acid, 0.35 g sodium bicarbonate, 0.11 g sodium containing reduced silica
gel, and 0.5 g fragrance. 27 Wiat Is Cained Is: 1. A Goup 1 netal/silica

gel conposition prepared by a process, of a up 1 netal in liquid
for m wi PtiOWoiibeRsEd hpyeap @\@Faaer?owl?%@%wta@%@bhg@ P &@%‘g‘ i sot her nal

conditions sufficient to absorb the liquid Goup 1 netal into the silica
gel pores, wherein the Goup 1 netal/silica gel conposition produced reacts
with dry 02.92. Thke Grauppl mmerabsidicd gell dooogitibn o6 nigos i7tvwinmeio thecpaaenef sawher ei n

t he pores of sald silica have an_.aver age, po i ze of approximtely 50
to 1, ooperaus sjhcargel hay %@fba‘fgqﬂﬁtpﬂ‘? 7% ?%%Ppé%’?“%ét?f?bgq gi on of claim1 wherein
the pores of said silica gel have an average pore size of approximtely 150
A. 4. The Goup 1 nmetal/silica gel conmposition of claim1 wherein the G oup
1 metal is @l ecTheGroun niaml/gidioalgelamnnjosﬂtiiong»f ofaim Gb¥ighireimthec@siupnh matainSan
all oy of two re Gou t t hereof . 5. Th ou t al

el *Lonsiisiad imaRe S Rt i Fop Tien & SU: # HIADAL 178 O Bl B e B T um
al | oy Brerebfe G oup 1 netal/silica gel conposition of claim1 wherein the
Goup 1 netal is present in an anobunt up to 50% by weight load. 7. A G oup
1 metal/silica gel conposition prepared by a process of: mxing a Goup |

net al inqu W th silica ge exat 0 |t|o
sufficient tg absgf‘gb{ B’ﬁf?%ﬁ elc p%‘gl[tlgp rc ?éﬁ.“@wén% (cf;r ﬁgt arfle%fl oy
into thga@uidng.@oggglmﬁqmgﬁ wher ei n the Goup 1 netal/silica gel conposition

produced does not react wth dry 02. 8. The Goup 1 netal/silica gel
conposition of claim7 wherein the pores of said 28 porous silica gel have

an average pehe s 'Tﬁg & (f_)u apRIOY) Tsﬂ%%lg Vco?n?%sﬁlon o?%&;lrﬁ‘ 7 \%herg-gef}fle(%s}g#% llmetal is

metal /silica @el conp05| Ion o ores o
present in an amount up to 50% by weight.

13. A Group 1 metal/silica gel composition prepared by a process of:
mixing a Group 1 meta!l in liquid form with porous silica gel under exothermic
conditions sufficient to absorb the liquid Group 1 metal into the silica gel pores, and
heating the resulting mixture to a temperature of between about 215°C to about

400°C, wherein the Group 1 metal/silica gel composition produced does not react with dry O,.

14, The Group 1 metal/silica gel composition of claim 13 wherein the pores of said

porous silica gel have an average pore size of approximately 50 to 1,000 A.

15.  The Group 1 metal/silica gel composition of claim 13 wherein the pores of said

porous silica gel have an average pore size of approximately 150 A.

16.  The Group 1 metal/silica gel composition of claim 13 wherein the Group 1 metal

is selected from the group consisting of sodium, potassium, rubidium, cesium, and an alloy of
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porous silica gel have an average pore size of approximately 150 A 10. The
Goup 1 netal/silica gel conposition of claim7 wherein the Goup 1 netal is
selected fromthe group consisting of rubidium cesium an alloy of two or
nmore Goup 1 netals thereof. 11. The Goup 1 netal/silica gel conposition
of claim 10 wherein the Goup 1 netal 1is a sodiumpotassiumalloy. 12. The
Goup 1 netal/silica gel conposition of claim7 wherein the Goup 1 netal is
present in an amount up to 50% by weight. 13. A Goup 1 netal/silica gel
conposition prepared by rocess of: mxing a Goup | netal in liquid form
Wi th potr“&%f%?rFicﬁaulgélm%ﬂﬂ 1ot hermic conditions sufficient to absorb the
liquid Goup 1 netal into the silica gel pores, and heating the resulting

m xture to a tenperature of between about 215C to about 400C, wherein the
G oup | netal7sil TaGgelp lcamabsilita gel compdsitied ofideisn hétvhersarc thevbmohp dmyet@l2-
14. The G oup 1 netal/sil ié:,a gel cou%gﬁi tion of claim13 wherein the pores
of sai diS SPHPBBOEFTYERT §EPUHEVRAIAT! ®ge pore size of approximately 50 to
1,000 A, 15. The Group 1 netal/silica gel conposition of claim 13 wherein
the pores of said porous silica gel have an average pore size of

appr oxi mat el §8.150Tke Gidip ITinetaiZsidiopgd cvetpabitisn bf claingéb whemwdietGronp dfmatklai m
13 wherein the Goup 1 netal | | ect. fromthe group consisting of

sodi um SEEEREN G Bf'éﬁf?rﬁboﬁtéq(%%“éﬂﬁégan alloy of 29 two or nore Group 1
metals thereof. 17. The Goup 1 netal/silica gel conposition of claim 16
wherein the Goup 1 netal is sodium potassiumor a sodi um potassium all oy.
18. The Group?.1 nEhaltsip | mataysilice gelposipositian of cleinil fnvigraih tedpadingef iBeoup 1
metal }.s present.in an amunt u t 50% by weight. 19. The Goup 1
et al /spfc?ug’al ‘681@} @WS&%%&%‘%MEP%%Q%%%?%%% the loading of the Goup 1
metal is present in an anmount of 30-40% by weight. 20. A Goup 1

nmetal /silica gel conposition prepared by a process of. mxing a Goup |

metal in |iqgefd forGionptiimgalslien gl cpwpoyeen prepaed b etbiedess ef: condi ti ons

sufficient to absgr . guli A 4 f”ﬁ@ co t sili .es, and
heating the resul |1)§1)16é %@%E@gr{?&é é%@r‘r‘;%‘e?a nglt(lal p%%&asﬁ’gigcg %Lg%%rgg%&%%\hﬁer ein
the G esplitlordetfflciait kd stgogethe fiquidaSiotp Annguslddiscthel sitioe gel@tres; et with dry
02 ‘
heating the resulting mixture to a temperature of above about 400°C, wherein the

Group 1 metal/silica gel composition produced does not react with dry O,.

21.  The Group 1 metal/silica gel composition of claim 20 wherein the pores of said

porous silica gel have an average pore size of approximately 50 to 1,000 A.

22. The Group 1 metal/silica gel composition of claim 20 wherein the pores of said

porous silica gel have an average pore size of approximately 150 A.
23. The Group 1 metal/silica gel composition of claim 20 wherein the Group 1 metal
is selected from the group consisting of sodium, potassium, rubidium, cesium, and an alloy of

two or more Group 1 metals thereof,

24, The Group ! metal/silica gel composition of claim 23 wherein the Group 1 metal

is sodium, potassium, or a sodium-potassium alloy.
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21. The Goup 1 netal/silica gel conposition of claim20 wherein the pores
of said porous silica gel have an average pore size of approximately 50 to
1,000 A. 22. The Group 1 netal/silica gel conposition of claim20 wherein
the pores of said porous silica gel have an average pore size of
approximately 150 A. 23. The Goup | netal/silica gel conposition of claim
20 wherein the Goup | netal 1is selected fromthe group consisting of

sodi um potassium rubidium cesium and an alloy of two or nore Goup 1
metal s thereof. 24. The Goup 1 netal/silica gel conposition of claim23
wherein the Goup 1 netal is sodium potassium or a sodium potassium

al loy. 30 2535 Therfd GHRipl ﬂ@ﬁaﬁéﬂx@d bd1€BmP6LitiSPOPAGI DO WhefeitihRIGRogH 1 Whaslei n
the Goup 1 metal s present in ah anount up to 50% by weight. 26. The

G oup lispetsat/isiah kp@uyelp lod®poby wetght.of cl ai m 25 wherein the Goup 1 netal

is present in an anount of 30-40% by weight. 27. A nethod of preparing a
Stage O Goup 1 netal/silica gel conposition conprising the step of
contacting ayda ouphd GriRpal meflAilied 6l cbRpbiivbh Bf 8MPRS whictei thedRoup NdRdtal
isothermal conditions an inert atnosphere or under a vacuumto absorb the
Group lispeasant inan gmcket Porlet0% by waightsi | i ca gel . 28. A nethod of preparing a
Stage | Goup 1 netal/silica gel conposition conprising the step of:
heating the Stage 0 Group | netal/silica gel conposition of claim27 to 140C
for a tinme znd uAdeEheDBTirtpAIHE 4 Dagod Geslp Sinage/slicipelgmpadicalcbaipkising gel
conposition to a Stage | Guoup 1 netal/silica gel conposition. 29. A nethod
of preptheisieq oA contagmng a Cryugupmetahistliguid farmesityperoswses gelivader isghpmali ng t he

27" o o A8 e SRR e PP B e Pl (R SRppIOMPRFInkd it pRhesile™!

under cmsdilicagels to convert Stage O Goup 1 netal/silica gel conposition to
a Stage Il Goup | netal/silica gel conposition. 30. A nethod of preparing a
Stage Il Goup 1 netal/silica gel conposi ti on conpri si ng the step of

heating the 5 agesQ,&houpr bl St éfé '1 SOAPOSEL AR BIpoitiBh Thpriliflg @

tenperature g%ove g:BOUt 50%[(:% rg a? I' under cong‘lat IOO g 1tIO conérelrlt &
St age Oth&stepmil

heating the Stage 0 Group 1 metal/silica gel composition of claim 27 to 140°C for

a time and under conditions to convert Stage 0 Group 1 metal/silica gel composition to a Stage [

Group 1 metal/silica gel composition.

29. A method of preparing a Stage I Group 1 metal/silica gel composition
comprising the step of:
heating the Stage 0 Group 1 metal/silica gel composition of claim 27 to a
temperature of between about 215°C to about 400°C for a time and under conditions to convert

Stage 0 Group 1 metal/silica gel composition to a Stage II Group 1 metal/silica gel composition.

30. A method of preparing a Stage HI Group 1 metal/silica gel composition
comprising the step of;
heating the Stage 0 Group 1 metal/silica gel composition of claim 27 to a
temperature above about S00°C for a time and under conditions to convert Stage 0 Group 1

metal/silica gel composition to a Stage III Group 1 metal/silica gel composition.
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metal /silica gel conposition to a Stage IIl Goup 1 netal/silica gel
conposition. 31 31. A nethod of preparing a Stage | Goup 1 netal/silica gel
conposition conprising the step of: mxing a Goup 1 netal in liquid form
wi th porous silica gel under exothermc conditions sufficient to absorb the
liquid Goup 1 netal into the silica gel pores. 32. A nethod of preparing a
Stage 11 G oup | netal/silica gel conposition conprising the steps of:
mxing a Goup 1 netal in liquid formw th porous silica gel under
exothermc conditions sufficient to absorb the liquid Goup 1 netal into
the silica gel pores, and heating the resulting mxture to a terrperature of

bet ween about;215¢ &@th%@%'f‘brepﬁﬁﬁ)%za SBde 1508} h%t&fsﬂ&é%@%drﬁ‘[ﬂ)sﬁwﬁtc%ﬁﬁ)rﬂs i

Goup | netal/silica gel conposi conprising the steps of: mxin
G oup | theetegdofin liquid formwith porous silica gel under exothermc
conditions sufficient to abs rb the |nt the.silica gel

pores, and heati ngUtH8 &FOHP rﬂ%faln‘i"}‘tqﬁﬂttlo% vgﬁ};g%%srs&{igﬁ% A5 Cs 00C,
32

conditions sufficient to absorb the liquid Group 1 metal info the silica gel pores.

32. A method of preparing a Stage II Group 1 metal/silica gel composition
comprising the steps of’
mixing a Group 1 metal in liquid form with porous silica gel under exothermic
conditions sufficient to absorb the liquid Group 1 metal into the silica gel pores, and
heating the resulting mixture to a temperature of between about 215°C to about

400°C.

33. A method of preparing a Stage [II Group 1 metal/silica gel composition
comprising the steps of:
mixing a Group 1 metal in liquid form with porous silica gel under exothermic
conditions sufficient to absorb the liquid Group 1 metal into the silica gel pores, and

heating the resulting mixture to a temperature above about 500°C.
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