SI LI CA GEL COWPOSI TI ONS CONTAI NI NG ALKALI METALS AND ALKALI METAL ALLOYS
RELATED APPLI CATI ON DATA 10001] This application clains benefit of priority
of Provisional Application Serial Nos. 60/524,038 filed Novenber 24, 2003;
60/ 561,886 filed on April 14, 2004; 60/578,818 filed on June 14, 2004,

60/ 611, 701 fil ed on Septenber 22, 2004; and 60/611, 700 filed on Septenber
22, 2004; the entire disclosures of which are incorporated herein by

ref erence. FlIELD OF THE. L, AV, ' relates to silica gel

conpositions made by i nﬁm%%éﬁggsﬁ@%ﬁéﬁﬁﬁwgl | oys of these netals

with silica gel. The a@ROSIMEYAS.SHAVE AURKIOVMIETARNAL L.OYS characteristics

and retain the reactivity of the neutral alkali nmetal or alloy. BACKGROUND

OF THE | NVENTI ON 10003] Al kali metals, those in Goup 1 of the periodic -
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which may result in oxidation or other reactions. For exanple, sodium netal
i s of t en Setambgr 24 2R0¢:dhe entire displosnrenpd twhichpraipspmorstasierain by referencei es, be
renoved prior to use in chemcal reactions. This places severe restrictions
on its shipnent and use. [0004] The conbination of alkali nmetals with
silica zeolites, such as ZSM FIEHQORNEEHINEENEGINvel y studied in nmany

| abor at orj For, exanpl.e, it s recently shown that pure silic olites
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al kali metal encapsulation in all-silica zeolites reveal ed that such a
conbi nat i eracissistics and stain the reativity ofhe newirsl alkali mets} exrlloy. hydr ogen
quantitatively. (See, for exanple, "Toward Inorganic Electrides”, A S
lchinura, J. L. Dye, M A Canblor and L. A Villaescusa, J. Am Chem
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are very reactive in their metallic, or neutral, state. The alkali metals and their alloys are very

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
vﬁ'th water to produée —hydrogen quaﬁtitatifely. (S";:e, for ekampfé, "Toward Inofganic )
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. Urbinand J. L.



Dye, Chem WMater. 15, 1441-1448, (2003). The concentration of sodi um
absorbed by the zeolite conpositions, however, was too |low to be practical.
In addition, the reaction was relatively slow w th slow sodi um diffusion
within the limted zeolite pore size. [0005] The use of potassium netal

di spersed on silica as a reagent in organic synthesis has been reported by
Levy et at, Angew. Chem Int. Ed. Engl. 20 (1981) p. 1033. Potassium netal
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the silica gel pores. ou al/silica gel conposition produced
does not thetamay \bﬁtdaSIBf 9a1miied Whﬁ traaslemﬁaant|1@ssrlefmtalema@tmtyasmsua@@um
mat eri al . m_%g, N gddition, the invention relates to a Goup 1

metal /sil comnposition conprising the product of mxing a liquid

G oup 1 netal W|th silica gel under condltlons sufficient to absorb the-
liquid Goup 1 netal into t heating the resulting

m xture to a tenperature of : ‘ eNLION ot 400C, The Goup 1
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The Group 1 metal/silica gel composition produced reacts 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 Os. Tin's material is referred to
as “Stage I” material. |
{6009] 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
g__el cor_npqsi_tion produced cioes_r_;qt react wlth dry 0,. Th1f§ material is rcferredr 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 | netal into the silica gel pores and heating the
resulting mxture to a 2 tenperature of above about 400C. The Goup 1
metal /silica gel composition produced does not react with dry 02. This
material is referred to as "Stage I11" material. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0011] Figure 1 is a Differential Scanning Calorinetry (DSC)

di agram showing traces of a 1:1 NaK/silica gel sanple (8.9 ng). [0012]
Figure 2 is a Differential Scanning Calorinetry (DSC) di agram show ng traces
of a 1: ltehip8ituse bf atmveabod éﬂﬁCe .. GToug) met)Bileh g6l cgmmsiﬁon pragiu@idfdoes ent i al

Scanni ng I or D r, edl S @ 1:1 cesiunisilica
gel sanpl® (@cé“%ﬂr\;’ éﬁ(sl'%i méeagl 1§‘re£er§eglvf”$v§.9 é{gg g{gﬁi azn of silica gel
particles coated with an alloy of conposition Na2K to the |oose, shiny, -

bl ack Stage | powder. [005 F| ure 5 |s a D|fferen|al Scanning Calorinetry

(DSC) di agram showi ng tr BREZER LI 3.9 ng of silica gel.
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Differ entahllmhcmlmwe(&%mgy (DSC) di agram showi ng the results of

at mos pher 0P oo KRt i S5 SRl oo SRt D) R g Wi bR

radi cal aglqmdghxsﬂicﬁ%élgam 8. 71ﬁg)duct|on of anthracene with the Stage |
material of the invention, !0019 Figure 9 shows a ' H NMR spectrum of the_

product ol0083I5; r digwediee r@tftl prORing Cerrimetry (S Q) diagzesa speving FaRsg R a

m xed bed, tal / silica gel conposition of the

i nventi on. ?([?(%g@l Elcggr es %%K show the results of an analysis of the
product o[tmlﬁducFlgnre éfshowerthq Icomtsdm’ db silica gebpartiblep coated svith| @021y B gur es
11A- 11C show t he f an,an of th roduct of an overni ght

bat ch reatik 8ﬁ1“8?5‘%§|‘gﬁ‘§,ﬁ1 i?ﬂs?l%a‘yx?&"gﬁi‘ﬁﬁ% lp material of the invention.

DETAI LED [08sIRl PFigte $ks albifferddvieNIdatiNng mm?ﬁ)eu@(msrz) SialyRin@ biowiry teades ofvEt al S
and Al kal | Met.al Alkall netals are those netals in - the Group 1

ys [0023
fanmily of?2 f‘%%"“i"&?&lvﬂtﬂ% Jf PHiga gel.
~ [0016] Figure 6 shows the inflation of a balloon with hydrogen after addmg water to style

II sodium/silica gel material.

[0017] Figure 7 is Differential Scanning Calorimetry (DSC) diagram showing the results
of heating Stage 0 material overnight at about 140 °C in 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
conpositions of the invention. Those 3 alkali netals include sodium (Na),
pot assi um (K), rubidium (Rb), and cesium (Cs). O these alkali netals,
sodi um and potassiumare preferred for use in the silica gel conpositions of
the invention, wth sodiumbeing particularly preferred. [0024] Al kali

netal alloys nay al so be used in the silica gel compositions of the
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sol uti on. thi§ ReRalihg Mele@ia¥iamanDinkan iGé@ bfnosPydte ph6f fo mbGRyit with the Gilica @,

"Conveni ent Preparation of 'H %Surfac,e Sodiunl in Liaui d Amoni a: _Use in
Acyl oi n RAHemagyely, densndingeomthe stage oF Matesia) torbeorreragsd. the Groug 1 petal may be

aggl oner at.j: : -l ] )X ] L | . and to
e e R e ot
practice {0036] netfaiotmrmeathcd wointrodusa Growpddmethlsninta sitjicaGgeluip fiomrdheaiaponi t h

silica gel, was_ acc anied .. nsj der e deco itipn,oft
i bt 3 SEF SRR deorbt, TERAACS! RiBuRT SRR B Moo efbeor apd I
i nvent i onA. svVithbkscudd, Vowing T, | Bayi 2431 D10p1 171 n@06d) dnd IB.0 Weineftd)ea sid. i ca
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g fohi : 9;VaPQr AER Sk

chimura, S. A. Urbin and J. em. Mater. 15, anEEEA{SZ ?%g).) In another
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



[0027] As discussed below, for at least Stage O material, it is generally
preferred that the Goup 1 netal have a nelting point within about 15C of
roomtenperature (25C). For exanple cesium and rubidium have nelting points
of 28.5C and 38.5C, respectively. Typically alloys of the two or nore

al kali metals are, and preferably are, liquid at or near roomtenperature.
A preferred lownelting alloy is that between sodi umand potassium 4 (NakK)
at various nolar ratios of Na to K between 0.5 and 3.0 nore preferably with
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Silica ge avai I'abl e and 1 nexpensi ve: generally has a
pore voIunamﬂahgaggc&npmMmhnMﬁh@uﬁmmmmabout 1.2 cnB/g, and a surface area
rangi ng f bogt.ng to about 750 nR/g. Silica gel is comonly available
in the fo lsizes: 3- 8, 6-16, 14-20, 14-42, 30-60, 28-200, and as

snmal | as pmbq 32@:1:@;;&&@ al gofous FOIP HEaniHRbuE siliSA.| It@@aﬁ@é fl6@h tp@'ﬁ@ewaad iar ge
anounts of absorbed material. The sili cad%el s used in the silica gel

conposi ti §sfed @8 %d»eirméﬁtl%n Siticer gel b rpadny\avahere and Asexpensiv n§iliagal 50 A
to 1000 A o
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i ndi cat or An alternate suppl ier of such silica gel is the Eagle Chem cal

Di vi si on & thiv/gilies geraomppeiony ofihe HyeRfienareipmhlydiave parresizes sragingsieem S0 a
free-fl OVW&Q]O@OMd%fefaBly, )i%' ﬁtﬁ‘é ke nfaf %ﬁgenﬁorhq §% 3FBUt Redd #'sthe

mat eri al, such alr. Thege are prePera rem)vg prior to

m xi ng t hevmgeldmmegel of\khet poramofath sillica gad vl baapmbkm;atedy)lm)&nmcfmqkformmns of
of silica gel include Davisil™ Grades 646 and 50, which are both 30 to 60 mesh obtained

~ 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-0-8i, groups with the

concomitant loss of water. Heating the silica gel at a lower temperature would also produce a



the invention. The silica gel nmay be degassed using nethods known in the
art. For exanple, to renove the gaseous material the silica gel may be
heat ed under vacuumin an evacuable flask, first with a hot air dryer and
then with a torch. Such heating achi eves tenperatures of approxinmately 300
C. It is also possible, and is actually preferred, to renove the gases nore
easily and to passivate active sites by heating the silica gel to 600C or
hotter (900C) in air (calcination). is believed that heating the silica
gel to 600wphis stitigh eraterial buta mmb@aﬁﬂieglmb megAl wouldprobabiy be renderne inssrbys or
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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 alloj/s 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 Scamning 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 1T 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.



I nvention are those containing sodium potassium or sodi um potassium all oys
with sodium and sodi um potassi um al |l oys being nost preferred. [0033] As
descri bed bel ow, a nunber of sanples of this material with NaK and cesium
at various |oads and mass ratios, were tested by Differential Scanning
Calorinetry (DSC). The heat absorbed upon nelting NaK in the silica gel
pores at -25-0 C was used to determ ne the anmount of encapsul ated netal
that remained as netal in the silica gel. This was followed by broad

exot her ni P03k s The (Greum 15wtalh alliss gelcompssitionvef the dneantion ehwptisensilicangs! s ame
sanple, n t I t&eﬂﬁ?m‘f"@ e, e heat
treat nent'%ltg%ggsoggédzegltogg lhtﬁgttggd netal 1n Zlolrlhégp oaa-ﬁl g&%\%ﬁ& nﬁtﬁ%g gel
to pr oducporSismg and ponigndityenf th&cagésﬂ]ba geimtseﬂ |'Byp;caﬂy,tthe (Iiydmli hmetabmagl adei es

are not shar I S conversio e |l _and ILL  ouateri 0

appr eci abP‘S‘?S F9EPAs P%&g 8?}?1@ t‘é?b‘}q’f)}n[ #‘is/“ %l%ng{eg‘?r?aﬁy’ '51%

[ 0034] Th%n@&%i’mletdﬂ%n@éé fr§rh|3|0f%t(9$(b° Ww@?mt 1Ak sxtagéhex laY BN iaRRaBQAP! | Se
silica gel wi th absorbed Goup 1 anount _ of éroup 1 nmetal -

| oadi ng i thedeysatiemripadipgsrabore abgys AR °/s bYéV%Ehﬂ f?ﬂikéﬂ geme ifiey mstal reppaining i)
silica gelous ?gw caIIy, the Goup 1 netal may be present in the
corrp03|t|ons oF Bf "hvent i on up to about 50 % by weight. Preferably, the
anount of [00551a| ﬂ&agmup rlomeﬁUsMcet geld@niobiyionse b kite. inventichere&it aggidly, with, and
11 materi nve | oadi ngs., above out .40. % wei resul t
' some. 1 PRlST Hoadicr @aePl Ritn it R gptdg H ot phedb et ATt )

met al / si | GesupdiehefaDSRES £l lc@iﬁﬁo@tﬁoﬂsfwthdlﬁ%ﬂhb@ﬂwli&@@iepéﬁﬁbﬁ Luyd wofaémem&er to

produce gaseoqus hydrogen in near quantitative yie| pi ca about 95%
yi el d. Theescrthes hsiow, RO Drapise eSaeag’é:r shiprpdsad ihpged quﬁ@f Plﬁ%ﬁfxdrmn aiflose
preparati [ﬁ%’q’éf? r I y
shi pped anc}p an Eé(?a g gélstéf(‘) clea df@%ggggn&gn g\%eﬁés? reﬁ%ezal)‘%}g
agent s f osunamarimes éteypreffaration procossss ﬂfdmcgwﬂtzgedbﬁﬂhmmﬂﬂl mbtEplals. | bel ow
summari zes the preparation processes and uses of Stage 0, 1, Il, and Il]I
materials. Table | Sunmary of Stages 0, 1, Il, and IIl Material Preferred

Metals / Alloys Used Preparation Procgalegs T e Stage O Liquid alloys (Nak,

Na2K, Under inert atnosphere or vacuum liquid etc.) alkali nmetal alloy is
added to silica gel at or  SummaryofStagesO0,1 II, and Iil

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 I Liquid alloys (NaK, Na;K, Under inert atmosphere or vacuum, liquid
eic.) 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
o 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 that
woul d di ssi pate any heat which may be produced. Stage |I Liquid alloys (NaX,
Na2K, Under inert atnosphere or vacuum liquid etc.) or vapor alkali netal
I's added to silica gel and is agitated for several mnutes to hours

Cesium Rubidium etc. at a tenperature bel ow 150C. Stage Il Sodi um Under

i nert at r _vacuum alkali netal or alloy is added to silica gel
and is MeeKadloyo bet ween 215¢severmdb@us avhichovakss di-gchsilicidetjal and
to reduc | oys sensitivity to aiinthesdigegtll | Sodi um Under i nerlt

at nospherle_or vacuum alkali netal or alloy is added to silica gel and is
Pot assi um heated to 215C to incorporate all netal, and then gradually heated

above 400C over -K all gys several hoyrs which makes g Si-rich suicide in
the sili c_alﬂ%éf. F@démus%_ﬂi% E&E‘éEFI%\B]E9§t,het(_i§°W ,&gw_é/sﬁncv ggfrcompesitpRn g 1
met al / si | igein@&iof ROSeld Rl %o Blgas Wh& phddiaftth® Kiicd F I'ghioP &&Eﬁﬁﬁ%ﬂ Wwith g80as
and passivate the silica gel prior tomxing It w % the Goup 1 netal.
Typi cal | y Group bmeishr Tynjcallyeinmaenaring the mogteriaheof the imventiom, the silics géliie titiply i s

initially e . ) gt el C.or higher in air reppve. wat.er,
de-gas t h(la1 e%?cf%oc%’pé%?ﬁgiaam&%enoﬁn% %hgpgne?‘lgé? & .Vss"."at%& ﬁgblg%e%@ g?}fo% I n
the art t enifiinize defedasieanOtier nptisds kaden ithehe i fo &g, gepasnamd/a|passitage theed.

[ 0037] St aq.e 0 Mater i%&g&%] The Stage O material of the invention

appar ent | yHEBEH AL ting Goup 1 netals absorbed into the pores of
silica gelipoar homdeRP0hieaR Or netal redistribution into the silica gel
lattice. Thus, it can be viewed as nanoscale al kali netal or alkali netal
al loy pal®938] es The Stage O peateripd o€ theamention pparentlybemtdieslon-mplting tGreusill i ca

gel. The JAGER0MRlHhtbdhe pores of silica gel without reaction or metal redistribution into the
silica gel lattice. Thus, it can be viewed as nanoscale alkali metal or alkali metsl 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 Na;K, 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 | metals for Stage 0 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 Na;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.



of the inventionis a Goup 1 netal/silica gel conposition conprising the
product of mxing a liquid Goup 1 netal or a liquid Goup 1 netal alloy,
such as Na2K, with silica gel under isothermal conditions sufficient to
absorb the liquid Goup 1 netal or liquid Goup 1 netal alloy into the
silica gel pores. Preferred Goup 1 netals for Stage O materials include a
low nelting Goup 1 netal such as cesiumor a NaK alloy. The Stage 0 G oup

1 netal/silica gel conposition reacts with d{;bé 2, which differentiates it
from St agd®®49] | | Deggrding ppomther Group 1 mejahygeds serptige of ithg liqwid Grger Lve

with dry ﬂeﬁﬁl td foxafsgége% ﬂ&eﬂa@gésigﬁgiry;bcmg%mni 13°@0f ROAPRRs efahﬁé"gﬁ"@}?.slﬂher e,

and preferably 1n a nert at such as under nitrogen or an inert
gas. Wi ltke tiypieal Pravgss, 6o litle deatds evalvdd thaj et ssmplsotoes nethesome notickably watmcan be

stored under such . conditions.i,n a glosed caontain e, g. screw-top vial.
[0039] To P{)F‘?ﬂvgﬁtsaﬁ)ea é’“ﬁ‘ﬁi‘fﬁ@hc;hsl,s aaﬁf;er'%ﬁ“ﬁmé%%)&ahﬁ% b ‘aﬁl‘g’é’&’%"' 1 “Véﬁ“f‘ﬂ @'ﬁ gel

i n an i nefidivididpaniais thavé deshidysQirfacs. "ahe @dndie iscipitatedriof &tk suffidiestaom
tenperature or slightly above, for a tjnmg s ffic,i,%nt to permt the alkali
metal or éll‘l’%)?het%lk’g’emaékefr glay tprhegbsgrbedsen iSQEZ‘F’d‘PHe Y thecgilicp gabs thp dngie in
an inert | a8 b f : |

formati on%(%%ﬂggpr ef é’r%rég%h%? ngém& %@g%grﬁagﬁﬁl%ﬁ%r%y%%%ﬁ% Iﬂeg}t&; gkgg%%h as
Na2K, may stweral puiovtes] toveveral outs. (This inliking tigeel helds troe don teypeeneraiion. of Ting

m xture is,agifat .preferably. stirred or shaken, to achi eve good m xi ng.
The |i qui z}r@ﬂ)otﬁwﬁ%gﬂ%?aﬁel F%I%J?)?%tfloélrc;ﬁﬁw)/m&?&?'zed into the porous silica gel
Wi t hout anyo4dd] gniwheaaprepdrizat Stage 0 etdrial) Anp hed pRficrated blyethe eéae&aﬁoxo;{]ut ifteat . S

[ 0040] Dependi ng upon the Goup 1 netal,k used,. the absorptioon of the |iquid
Group 1 ReTaRction sh%l%%f%réﬂlsg Rediespalgd. ) seaifisptjereariits ipptedse ABEST r oom

tenper at U@?egﬁn%ﬁ@ shduld bé BGoil¥P! Rk PRIFGEESEmboRBndrt tthd StalBe B! mhierif i@ fufdat hat

t he sanpl oes not becone noticeably warm but converts to a product which
i s a freenfdrondmderaprsatptecd8 @l dddetippmich above thisiterhpariture gandially deads tptiet i cl es

have a shign rf "y L Xt ' |t ' i £l el

i1 ow t ho R b fus el Mol Al BhPbe ol BBl B Sl b,
gel . The t(forexafple,tinxd mgtal eapy stirviyig depdiivdgel o by tchelinpathe heattiae veskelndther i al

bei ng prepared and may ran from several. mnutes to several hours. (This

X1 ng ¢ RS PRI SRR 2 ARTGARSY i Dellhs (ot Jepelhl Srpita. go)
conposi ti giguidf sot At it MW:BNbd ABotbedd A thk s el SPHOURD IS 38 hotbdMaeSiagd 0 any

heat generated by the reaction or put into the reaction should be .

cont r ol | ednagarialicasslpwltyeepnvert 49 gitage i lansferial aypletime orhenikept alamemdigmpaigiurhe

although further conversion to Stage IT material does not occur without heating as discussed

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 Na,K 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



preparation should be avoided. In a preferred enbodi nent the Stage 0
material is formed near roomtenperature (25C). Heating nuch above this
tenperature generally leads to the formation of Stage | material. The
tenperature may be controlled by spreading the silica gel (for exanple, on
a netal tray), stirring the silica gel, or by cooling the reaction vessel.
The reaction tenperature should, however, be nmaintained such that the G oup

1 netal renmains iquigd so.that.it. . e . Y] Lo It

should a @83 %"EPF&S{“& a}ﬁtg © %tu}f %1%&1%3@61@ Q%g{?gtsﬁ SP )?n{:]tgﬁ\?'erg. %tr%g‘%]tl%ge I

mat eri al repalfy mbst BE thihredudipibilityy of denalkatinpetalatBeceyse ofitiehaugiivity tdweed air

conversion to, Stage Il naterial_ dges not  occ f wi.t hout heating as discussed

bel ow. [ emh@plsmﬁw gt be handied with pare gnd ﬂ?'réi opted ¢ C%aeww—gﬁv@éar@?s

exot her ”h@@ﬁhrhé’oi"éi} d ¥Bfshlre. T 4@%&%&@&@&&& Bhe S0 RlateSiBRWAVE ﬁm_it?r esence
al kal i ral Wh

of the metal 1n i1ts neu state within the silica gel. iTe the
exact compbighlyi redneihg tcheonStegyaphy applieations. The payositycof pasked yeo of thhe

mel ting i nt. of  the Stage mt er i ' . . | [ of
The moat CBbei s Bty BRbR dthe biveaSihide3 BT R R, |
parti cl egambt bev@et vatothe phreat eyl caaBoysl tThisnas discupsuddslon, peingitssthe Sage gel .
[00431 Figure 4.illu B{;i on of Na2K all og into silica gel at

trat t.h b
room t eff3rat G s f%?rﬁﬁicel 18’2‘5%?& grfr? Yatepndas agedpcing agrBhErRF g Wit fown i n
Figure 4 “\“@’9@' of beankiple oM fﬁﬁteﬁﬁk i O RbAled Sinfilat iCBatdFthe AR AallMobRINa2K al | oy

I medi at e after mxing. The flask shown in (B) contains the final |oose

bl ack nmaf@dfhl Staged Matediding t he sanple in flask (A for a few mnutes. It

is an ap tly. h I I: K: RQ . 044 Stage O
ot or i ot SOAE. ¢ 112 SRR B SR POV EY R, BRI e PP Citpolitn
conposi t keprisifg thh@rodueeof inxing iliyual Glwmpealdalietal etithafilia gedwadezldxothgrnaib kal i
metal or alloy to_ 9 silica gel  produces a Stage, O material w.thqut

si gni fi c&mmqf@éﬁu@’ﬁPh?iabﬁ?fbgﬁ'Feh‘g‘t“g % iptaling the F’@F%ﬂé"’Fﬁﬁstﬁsgtﬁgﬁé

reduci ng caRlp 1 Metddkilich @ePédiidsitioR tppdducRE 8edd SRt Mact With dry €ACThthd Btag@ard air

and noi sture they nust be handled with care and not allowed to cone in
cont act wiafenial #epeearsatafithe olksli matsl osalloyrbrsshegn sonveted i e domw thah loses the

restricti . terd Lld ' kahl W . Cl

chr omat oS?"@%ﬁ?&g Iaaggﬁ ca i%ﬁ@? “‘?Eﬂéa‘ﬁﬁ?%@%e yblt(l)l? %&é%ﬁ(“édéﬁcoﬂéﬂnnvﬁugf%h@ga oup 1
met al / si kédneing ahaterdaipis sdispensed apfpedrhdoi ey damgdly r8iPs.ovPade Distribationi Hgnction
environnent that canpot be met, wi.t.h th arent netals or alloys.. This, as
o ecuscogsEras opahntge P el initg: peairBRRal sl oatesh pepsist 8o

hydr ogen cfk@iina tdlichosigo@ss Batl t8e dikhaR thodd@N havedasikéd ® fofrh Rll@lI cations, with

the electrons released to the silica framework 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

10



nunber of reducible organic materials in a manner simlar to that of the
pure alkali nmetals. [0045] Stage | Material [0046) The Stage | nmaterial of
the invention is a Goup 1 netal/silica gel conposition conprising the
product of mxing a liquid Goup 1 netal with silica gel under, exothermc
conditions sufficient to absorb the liquid Goup 1 nmetal into the silica gel
pores. The Stage | Goup | netal/silica gel conposition produced does not
react with dry 02, In the Stage | material it _appears that the alkali netal
or al | oycarasonysEnStagn le material Jo SR H 1ok aPtago JEs matsaial, piepprding aponfthe he bul k
met al , sgﬂge frd®l ting. The framework within which the active reducing

mat eri al | | spersed appears to be largely SiQ2. Pair Distribution Function
experi mefi048lon WienSowgeeltingnbireuni bimetatharbiatldest tedaiviimeardnkdyontgaksed 8G amal oxygen
peaks with no crystallinit ich s ests that the alkali tal (s) .have
oni zed PgseRamrenR Ptz Fnftyf HAT B Sipe ofed el R oL | ca

f r amewor kxditierthie refiion® betwes @RSalkafictetd ddd the eilic® elodr. its defdve BitesOTHIR AN 2004,
pp. 749-760 for_ a discussion of Pair Distribution Function. [0047]. The Stage
| mat er i EPulbn the formation; ofnmipdyres, Of ragee P BYd i xTHe simplest; agi moel disget 1
nmetal, a I eri 7 oy ' ' R : - Lert

at nosphe rgﬁ%r%ﬁdgllsﬁg\;‘!éﬂ%ﬁﬁel ﬁ(‘?glg% %é Egtkg?e t@%ag ed gﬁglreggﬁegﬁ%%@%gf nggg@of t he
si | i ca getmospiiste abtouperdfuresofil 40y Qthsotirhes anditomepkratintel mayevask blise,duedre usi ng

f i ve .met hods. di h dding the & 1
motal assufishR h sl v BeRing VR SR G e nRHEt D e Che
mel ting Re&hégenedus phRluel; prtiFislondhballl be imade forapistdkidiEhe the hédnglRockeC) and

agitated for between several m nutes to several hours. Generally speaking,
hi gher r 8989) on The yjagsadumatsriak i, g8 r imerpkouse sbiny Jplack, pewgen dhat tdoge ot The

reaction; : I i ' AWt m . ar ge
' Me&ﬁéi?‘r@ic@gﬁtlhdd:g?rgﬁﬁt%a%té &o dl’rgllcmgf SR LRE:! &Dslé‘%i‘ th@@tag%k g9

scal e, the procéess wou referably done by adding the I'iquid tal or
al | oy t omategalsstiovs ditdeor inp Growe fl ahetplaemeining wobindthe ettivs gche®he differdnce s

produced, .The cti t a | kal i . | .- silica |

atti oo, boe, SBERCE A8 CRPHAL Tt ol el Baded T i i svchgigly

mat eri al trﬁﬁsﬁﬁe&}iﬂgﬁiiﬁhryrﬂﬁkﬁrdt@br.airl'bi&tdunmtdb@g/ﬂret dref}egmghig&a%imylowmnkm nvert
Stage | material to Sta Il or Stage || terial, endi ng upon the

t enper at IR rmlmh%aﬂ&mm@ fS? ﬁ‘g_“@’d‘i‘ﬁs’ t?’ﬁ@tlé?@ré"ﬁzme?&ﬂ'é@t f‘gs@&q&i ned
and out gaRast I&ichNredets CWRIBE Hird ') 8 IR Mng8d GAd Afrodibelthe RARY SmdubA Dk, the
system of ten becones warm because of exotherm c reactions between the

al kal i nbydibgeargas vpaa reaqtion avithdiquist witerasdloffesgh samipless, This can
[0050]  Stage I material has many uses in reactive chemistry as an active reducing agent,

and is a better reducing agent than the Stage II material described below. It is probably the
reagent of choice for both bulk and chromatographic reductions.

[0051]  Stage II 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 quuid 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. NasSiy) in the silica gel

composition. There appears to be no sodium metal present.

n



result in the formation of m xtures of Stages 0 and 1. The sinpl est and nost
direct preparation of Stage | materials is to heat Stage 0 sanples

overni ght under an inert atnosphere at tenperatures of 140 C. Qher tines
and tenperatures may work al so, but care should be taken to avoid

over heating, which can lead to the formation of Stage H To insure a
honbgeneous product, provision should be made for agitation during the

pouder 1 hdbBHes b Crdisnet bty & bempoy o A AP BOR AR e Sty 2
exot her m Gadciyn Bégids aﬁﬂttHHStaﬁe DShatéral idornRid Ragde 1 ninérei] icad theh B¥Borlvettéd ® or no
Goup 1 netal remainin in the silica gel. The difference between

St ages | agﬁ‘éged matarisht Alhef therGionp dametpkisHasraperated Hmﬁrti?‘e silica galjand, ®a afui ckl y
transferr k@fd%lnﬁ@fegmr o3I 3 1P nfcedV FiMRE mERinG KrBGp f ii@alQle g%s i@l N9

rapidly. nDsp ere o ry oxy en or our’s ays,
St age | nmné qpnassu(m rtymoaltsr dshottwet Sheagjkica(zel atempératuraghilnbh teadde formafiarhofdr y

02) is un nd es.the sane .anmou drege as reaction
with li qufgaagﬁgf%’ I ag%hs% %1%03551 Bfﬂ% %‘&gxﬁi‘ Iﬁ& éfcﬁ“g Iﬂgtgﬂr%cﬁx/ uses
in reacti vrems;lsﬁ%e ﬂtmaterae&s aTherehdtiog apSArab m@hrﬂgﬂl]kah mét!a.ﬂ— smc@gélezim@a" smdum ng
agent than the Stage |l material described bel ow I s _probaply

reagent ofas éP@P’@e‘ﬂf‘%ﬁe B3be expmple &WH“W?@%Y%QTW@W@@Q&F@CBW 0&%@5@1&1 St age
Il Materi %atér@a@%dé&&ig ﬂe!m %@gp?%ﬂag t*;kﬁsmﬁme@t 1h@of the Indek Rl @mjfned by

metal /silica g€l tion e product of mxing a [iquid
Goup 1 nﬂtewing/hlgmr melungallgblme]ﬂdeuch@xmdmnmpotassnurdmth@ﬂsa gelf f i CI ent to

absorb th | qui d, Gr,ou uid oup, 1.netal, allo

silica geﬁoé)éd‘?es Ands 'gsg?c} rr%agehg ngtgﬂ%f ic%gﬁirﬁ&ﬁr@o‘? g?‘ﬁgérda ?‘gSf

bet ween ahbfatérialsl b htfingadhenit in40kiert ROhospEasRIcevly 08 IstepRgsestodd00nt@.n Far Hext ur e
in a closed vessel at 400 Cqvernight

f sodi d d_heat i
Causes. corprter oG EUa s NEGaR i s b Peded Brove o B RPIGR A 2

St age || éﬂ&bhﬁyo?'cblcﬁﬁd,gﬁhga%éﬁﬁpﬁﬁdat dePlnd fHef 's!oWlf‘ﬁédfeth%' 4000 S bith Rs a1
Function experinent on sodium Stage |l material” show the presence of

nanocr yst ahiling Inlsadupum@mmg:pme@i% thegnaieninl dn & seadedoRoe Brienmeyeniak was. g. I
Na4Si 4 b
brosent . BehPEaR fifluffion 5178 200; ¥ kna 0B C, ARBHR By bR GaRRE pIBGTT L P

400C, an exotAfesrRach hea&wg:ﬁermd thegaskswandgdrdmlﬁtham tblpreehevidat “tlampingited.
St age | erial can onverted to g& ma erial. Al of the

& o0p 1 mekis| PO e it o ek APBATEES Pryet e & (praparation remains

homogeneous. 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 S 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 Il 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 posmvcly
1dent1ﬁed but Na plus SG probably forms sodium silicide (of overall composmon Naﬁh) 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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sensitivity of the resulting material is reduced. H gher nelting Goup 1
netals, e.g. sodium and potassium typically do not wet the silica gel at
tenperatures which lead to formation of Stage O or Stage | materials.

Sodi um potassi um and other high nelting Goup 1 netals then form Stage I1
materials. The reaction appears to forman alkali netal - silica gel

|l attice, such as sodiumsilicide in the exanple nentioned above. The

stability and reactivity of Stage || terial, produced eat i St age |
Sl es. 180881 s Hhe et sl v smeraions marist HRGE Byt ot ps I Hed
mel ting alikgl./dikdadle caiHbduith (FORlicliNids o0 asShitiiM Ghoswlth ag/ &gl staf0f54] As

di scussed, Stage II” materials can be nade from either Stage or Stage |

mat er i al s oageriabag easily taedied in enviionments LonBingReiTy adt die Joose tladkmgvgerstef 400
C. For t h%#ﬁ@{@ﬁlg{engp&% le’%%ly?:’ah@le& ir{Tﬁf %Jeﬁ ieglg ?m)ﬁ’onﬁ@ﬁt zﬂ}atd%l not H%IJI%F vﬁﬁat ed

above its poin he presence 0 cined, outgassed srlica gel
and then sinmnvienhiemt adite prekefice@flbwihuadditys iswobads in shddded gonthinen Inyfacts te

heati ng procedure, the terial i.n a.seal.ed Pyrex. Erlen er f|ask S
heat ed for‘gt‘*'.ﬁ"%&J dh g lggst I%"G?Wezeéiezéf?‘lar%dmﬁ%s 1ag§$¥ 1tgys B%ni ght
heating atjnQfon. Cﬁgfeéxtee,rthﬁaﬁ&te&ﬁ%ﬁn RehcRahpiaH &iﬂlewaiea% RISa b Quaktithitves Naken

to prevent undue "clunping". The product  is a | oose black powder that pours
easi | y whamounis oppephydrogemgasemai ns  honogeneous. |f the heating is too

rapid or t | t (- ] | t |4 i , the
b s o MRIE: SARTE Mo T Rlta 8 B I RIS, B s b

Di f f er ent isamplScafh i Siggcdl aodivat/silical BECrompasitem of tiwnigvehtoml uThSGtageell shown
in Figure 5. Fi.gure 5 illustrates C ces, for, 2.4 Na, + 3. SG The
overal | CBEBPREHYES e Bp Bistd B Seight A< 5 5h00 Khimthgt LANGHORG: o
that the eRIQIdRRNTBISvAREAhe bTooRRbhM aQly Plwdet bided AEculid. , Tn¥i3E C1F) MBRE &S | N
the initial trace (510) at 98 C, is absent _in the repeat trace (520), as

are the eballomy e MivkiRs afiqmadditionog wetest Tee redueedesilicn gel Blus iveatergis| stillqur i ng
the first , tg L Ci i T i f
sodi um wi (ho0ungft: B8 Rse. Bnd Bl e Db ffnebPuBop: PFcrf 8O, b p 0 O 2

mel ti ng enddh%E. nThis Ngeriales alconpmengnorthbie stuecé of tleal hydragen wionARn@nd,i s
absent in t.he suﬁtas%gstjent rand&lihov%ge thatdthte metal has reacted with the
silica gel"'OROPELETPHHPBI ST HAVEN AL BEERVHEEi ti vel y identified, but
Na pl us SGygaspbabAyhdugh iths 6 déasiesdtive of the Qrolp D¥Rtadkilics STROMmbbIiAehsNRSle) 1N
the 15 tin dianeter gores of the silica gel used, with concomtant_ formation
of sodi uminesption, theStage [lmratsaldiss AV ISEHD Tepdive shemisiyy as H passivededucings

still anorphgusd fof h&@ﬂy’é@ﬂ IRRcRIROStabt [TMRhb&hPLan' fegfilic ARV ickifE liped
bl ack pom&g{ﬂ?’ %e Stage 11 pGr oﬁp h an © QW&cklﬁgub
moisture from the air, but does not catch fire and can be easily transferred in ordinary

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 powei‘ 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 mateﬁa]s. 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 IIT 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 iiﬁuid Group 1 metal into the silic;a gel pbres and heatiﬁg
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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1 netal/silica gel conmposition produced does not react with dry 02 or with
dry air. Stage Il material is easily handled in environnents containing dry
air. The | oose black powders of Stage Il material are easily handled in an
open anbi ent environnent and do not change with tinme when kept in the
presence of low humdity, such as in a closed container. In fact, the Stage
Il material is the least reactive of the Goup 1 netal/silica gel '
conpositions of the invention. However, this material still reacts rapidly
with wat @060 yiemithathepespagtiomef thatothes Creipolimel/sics eplcompasibionspighs .

[ 0057] Fi ' ' .. addi ng
water ¢ onaelifn o SiUg, il Pk uteclp JAhec 9 aithic bt B IR o1 b

i nvent i om inEreatosgierd br veamposilhi o prafersedamethod) thet miixtur@Ois 4%t iedted tdy
weight. As is sho Nl ( prigr t t he additi.on qf er, he

bal | oon wm"émﬁglyggbi@ T)d%gq’ @H’H@Bg\éﬁ%i’uﬁn mla%ﬁ‘é@ ) ﬂ?ﬂoagwﬁﬁéeat%ia}t‘? oon two
m nut es AftGimaei 40080 06000 dver sehiRfil MBekdCeak el tempergfire B MSrewgddaibots still
bubbling "'at this stage. One gram of the powder produces about 170 cnB of H2
at p = 1400fGs 2 sheep exchermyposursat Hie igRctioR agpeash 0, alleadi gl & silisarask of

cl ean hy . M e I ol ' rogen
and vt o 0T ot BASHEER Uion ith WlH” 190 Slogd I 3G Bl Eh SR el

met al / si blackopoyaler thehgres hoti rears with drhair. Ifitheensgdtion js totbe c8tringdo Btagesd er TRl  has

many uses in reactive chem st a passive r.educin agent , andﬁ%or

Py ogent et o exebeliu® b, 8, 1, i qligid pRdiers P B dreeREe up

Noi st ur epkpRMdnlavdild nebdll HORiSionOfor tRhtCRmolvileinabidet & ppreas i“ryhatvagnsf erred
in ordinary |aboratory air. The reducing_ability does not appear to be as

a ! ; : app
strong atheimpdregetiy 18agditien, hepting qan relggse plkali stal vapas tymking 8 #otsffigigdl ¢ hat do
not requi I | r | j 4 Mpé apt age ||
mat eri al T%@hs{ggﬂggbg ?ﬁﬁg@gﬁ’g@%ﬁf ikﬁ%grq}(l)g%tdﬁr’ gz(%%g& F%St{xﬁés pr eser??lgecgf a
pr ot on sfonlargs schlatpraduetionsducti on is slower than with Stage | materials.
Because Qf. its .jnsensitivity . to ambient air., .Sta [, naterial_ i,S.a
or ot or r e Q08 e i PERE I Hwre Bt BRV<Cremfies dBehinhys udbeh g 9Pl or
[ 0059] Shagflall &dd MbkRrdgh phé6fign. St age |11 -material of the invention is a

Goup | netal/silica gel, conposition, conprisi t he product of mxing a
liquid GO863) 1 Ast discupsads aBeye, cfélegléarnq}iﬁd%?geéxag Rig (570U o brietalslies 91 11 oi ent

to absor fihgitbohbt e Ernord R prégiid ihfse%&h&é R A8 sRRERNeRFe.NFRE 1 NO

the resulti'ng mxture to a tenperature of above about 400C, and preferably
above aberample; @dding Bhis! Secleeatio of sdinm and petasdivm i (lifwd) tpesilieroagionti25i €h

pr oducedreg]ﬁ%sinr}% fdrf@fibn %Erhe%[fyowing black powder, a Stage 0 material. In this case,

subsequent heating in a closed vessel at 400° C. overnight 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, 2 DSC diagram shows
traces of a 1:1 NagK/silica gel sample (5.7 mg), wherein the top trace (210) is for a fresh
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02. 13 [0061]. As with the preparation of the other Goup 1 netal/silica gel
conpositions of the invention, to prepare Stage IlIl material, the Goup 1
netal is mxed with the silica gel under an inert atnosphere or vacuum In
a preferred nethod, the mxture is first heated to approximtely 215C -
400C, (formng Stage Il material) and then slowy heated to approximtely
400C - 600C over several hours. As the tenperature is increased above 400C,
a sharp exotherm occurs. The reaction appears to forman al kali netal -
silica gelkoonptentheciture sampleand dictwttamdtidce (229) is atepeit mncaftke codling the sayaple.| |

material i$_an hous, , nat t Lack .powder that dees not. r wth dry
oS ¢ e bsE CRORA iR of B35V (Gl Ptn 87 i A8 ek Mowif " [
exot her ni gndiatpndodbmi Nt srsponds taaily abdub 8% af thetadaéd aeml. | Eeastabeatieof

preparations woul d need, a provi sion %I%ﬁheat rempval. in arder to prevent a

"runaway" AH f8 thegxoteHBICIREILeSIeh CHERIPRIUS {0 breaen 1ig a8dnl (dkiloianesIck Mol Gfet al
vapor |7 HeeiNGudgs ,Orﬁgﬁaécﬁfgf:éé:éteo?ﬁwar S5 Sem et tiRN Ahdd sBRACAR RAC o RKibROS e

skilled sed systemis y require arge sca
product i orssage [DRB@} siikintanSowsdpeuptanl heatingtoi 245 - 480 °6aarel Stageyllius dis: fimel posiotti ve

chem stry, . as dopi.n ri alwo~and for hydrogen production. [0063] As
di scussed 03%81?3,1’3' %“r%ﬁpég{@_s@gg $ of the Group | netal/silica gel
conposi t i qeesspf  tRActicERinisy aftie GeouprieMatabSilics GePOsap&aaidner each
successive stage. For exanple,. addipng a 1.1 nole ratio of sodium and -
pot assi umI§466hui A1l 1Group | aietafsilics igeb sompositians fsthe nnyepdion gleastt sy eatera
free-flow ; ' soke U , nt
eX6th lgpcg S@duce gigfggggﬁtpes'ﬁtﬁﬂy ghandtéhv%f}gag%% on BRSNS

heating in a close sel C. overni ght cause urther reaction to
produce anetas sSThuschdyhniggaousipiethe cOmpepitions ofdheiniventionfatairhthe rhastivity gf tisove

400C caus further eac | .and pr es. Stage L1l .material, . Th .

D fferent ?%Pupsi gﬁﬁiﬁlh g§ ta(%ﬁ%rplg%g rcyan ?)B%%?&ef P%%@gms‘ﬁ%m [Tﬁlﬁt léfeéﬁtls éq‘loiﬁy ﬁvdtihc ate
that the expidientdirgpidleadihimsistiafe. Bakcontrids, Stadek T,d1 gl ITOSRhE Group! Aétal/sidat two
steps. In Figure 1, a Differential Scanning Calorinmetry (DSC) shows traces
of a 1:1sRkgempositiens ‘b’@F"‘gﬁlﬁ‘i‘?ye“"(%chvmﬂar‘gﬁ@f@?yﬂeﬁ'he top trace (110) is for
a fresh rqggg7)t eNRRAGEN R SBER/TETIARM THGRa) 10Mbal/ARE bd2Dngositidnd 6PRAL TUN
after cooling the sanple. Thé inset (130) is an enlargenment of the |ow

t enper at uri@vepiey ev wlativply inpgoypus angk Botstielpnthy reactivee (thaynde davroa seeng bafit
correspon %: { : { H.fqr the
exot herm %%6%%@%‘22%?5%@@18%%%%3@ %1 gﬁggﬁa\%\e@ﬁc@ -iqgﬁma‘ﬁ%}a{ ﬂg&ﬁiﬁf %e(t)aé Ic(é%t lspi)ler

mol e of  is high (about 35 % or above) the reaction product with water is completely soluble, probably

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 reduction have been discussed in several reviews. See, G. W. Watt, Chem. Rev.,
46, 317 (1950); A. 1. 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 simlar behavior for a Goup 1 netal/silica gel
conposition prepared with Na3K and an equal mass of silica gel. In Figure
2, a DSC diagram shows traces of a 1:1 Na3K/silica gel sanple (5.7 ng),
wherein the top trace (210) is for a fresh 14 roomtenperature sanple and
the bottomtrace (220) is a repeat run after cooling the sanple. The inset
(230) is an enlargenent of the | ow tenperature region of the first trace
showing a nelting endothermthat corresponds to only about 10% of the added
met al . The[ooﬁﬂl aI Szxanlaely,oﬁolem-reﬂmtwnhswémtthﬂem rpdustion s’ébaloganmgmgm to

bet ween -75 I ule d at
B ith f FUY BB ot o ool By dholel” EpETS

f or s Spo n*eame@mthe mpnn@eﬁwmrgamc&h&cals 4RY b, treatidy Hi@awldsl of the orgmid | nal

pr oduct &@tgﬁi@y\{ heat i ng %é 0 400 - 600 C. [0065] Reaction Chem stry of

t he Grouphia ( iy twg megles H%B’%‘rtlons [0066] All Goup 1 netal/silica

gel conpositions of the inventihgay reagt Rip+vagpt exothermcally to

produce hydrogen in essentially quantitative yield based on the Goup 1

met al . Thuse AadWam adpeo USHim, Physe (ot @35 (18093 in. t9|69364=1(/§515) ph L. eWaIdall,t he
reactivity~0

P t fly in
ary aiv . irm Ofmee ek S (922R 0 £ PBAEN, Bug 385 B WGP T
cont rast I 43 l&ge(s Bﬂhﬂgltomr(daniﬂ IOrgf s%mes @1@{493 119m1)almklﬁf@h@ 1 ﬁﬁla%/@ﬂlﬁi)(gsll t i ons
are conpletely uynregctive towards dr 06 t hou the Stage I,
I, and | 1PmgPglpnse oti ‘&T’?‘Q"Pl"é‘hb"g@?glb’osﬂ%gﬁnﬁl %@M%ma%étﬁ%ﬂ%%
rel ati vel yhe @eapmo@eﬂam{ re)it':t{blne NEdn¥pdsRiBRd bF fhe ihitBkos! AaANS '@eeﬁttfs&f‘% base
present and fornms al kal1 netal hydroxi'des upon reaction with water. Wen the

met al contdshalogansteningtgagignlides3 5 ple aJdoS*@)VSt thdVurtzardineionpusiniue tGaaip H wat er
i's conpl etrﬁ'tXl/sﬁ?ca C%mp%s%ﬁ‘%w’fb@%g‘}&ﬁ basic metal silicate. Neutralization

w th acid precipi %Qites srirca ach stage of the Goup 1 netal/silica
gel conpogdeTen olhdtdiﬂallwmﬁﬂ |remt1myasbhsu1ﬁmeahcamfepeheli:um mighage ﬁirné@&ﬁﬁi ng

wi th a nunber reduci nic materi n.the sarre manner for
B kal o otk GRS hdnealai gy 28" pORDGUS 1 e vERiRlp 1AROReKEPPe ikgel
conposi ti %&pﬂﬁﬁo&%ﬂ%ﬁ@ﬁw&ﬂd&ﬁwse 8de@TRbA mBrRVRPHBMSA bP rdrhGVidg Sl &8
anions as is conmmon in the so-called Birch reductions, commn%y carried out

vv| th al kalphendsalfide topradhsabinhinyt i BhtsimpEoRImenhComeRTises FATYINg 0% thefdlowingmet hod
reducti P % aromatic conpounds by alkali netals in Iiquid amonia. The
t heor etical and preparative aspects of

@'@ +2 M-SG——>» \ /+Mzs+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 6f 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 Na;K/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 reducti on have been discussed in several reviews. See, G W Witt,
Chem Rev., 46, 317 (1950); A J. Birch, Quart.Rev. (London), 4, 69 (1950);
A J. Birch and H F. Smth, Quart. Rev. (London), 12, 17 (1958); and C. D
@Qutsche and H H Peter, Og. Syntheses, Coll. Vol. 4, 887 (1963). The
Goup 1 netal/silica gel conpositions of the invention can be readily
substituted for the sodiumin Birch reductions. Exanple 10 shows a Birch

reduction using a Goup. 1 netal/silica gel conposition of the invention. 15
[0069] Si rth¢ Stagy I matesiabnFor exananle,casss Shyim below nkengenhenonesd ) dg redpcedfto the

Cont rol | e SaU AR kcBRTRGAE BOHET (A yitiiod WaflgretBehl i eith b8,

radi cal s (dRd dijenzothmphery (Ads reduesd of thehmdeelgamor and alltirdstely( 89 miktite dfvo

nol es of sodiu + 2 ->R-R + 2 See A. Wirtz, .. Chi m. Phys.
3] “aa0 2 OB s CTbe sisgine abaris). O epcticg midyde the g sPion Bhot ol
Chem 1, SficHidr3ehkeneMo Hornk | thelSpboted RbblingOpodits Bind VK eBirel Rediidtod- of »

45; D. C. Billington, Conp. Og. Syn. 3, 4I13-423 (1991). The Goup 1

net al / si | i ahregepe tociimysdseantrageneof t he i nvention can be readily substituted
for the sodiumin a Wirtz reaction or other such dehal ogentation reaction.

Conpositions of the invention have al so been used to dehal ogenate inorganic
hal i des. Exanple %1 shows a Wirtz reduction using a G oup | tal/silica

gel conpositigo ’ & nvery -Qn. [0070 ndustri al | sef gl Cagtions  as.
o' &Y o )
& | nvewson. As ar=déxanpl e, t comMpogi
D

desul furi zati
gel conpositiep ofak

i nvention may be ysed in an inpsoved net hod ofy renoving sul fur from phenyl
sul fide to produce bi phenyl. The inprovenent conprises carryi n@ out the
following reaction: &S-O +2M SG > +M2S+SG where MSGis a Goup |

nmetal /silica gel conposition of the invention. [0071] Use of the Goup 1

net al / si | | 0873 el IassoBsdiugsilic gel remppsition; pbAoE] Eboyeaikesier tmbandie inditct i ons
such as t | | . r aghe t due
to the sgp %fsﬁge?\%?%ﬂb?g ?ﬁ@%g%ﬁ@ﬁﬁgg%%%n%ﬁég@%gg&n |.ng‘;e|a z‘i [

met al or ablalep.abliste ofiry ditemanympb dhet ongarsc atdwtigpendaseaitied apove forhihg Hitageyl el ds
than the Cﬁgtgﬁaﬁ.pggrdéx%p{e?ﬁ%%ﬁ Petudd lt)erﬁz$plﬁ%}10net(?)eto & %Hicgﬂ aql%naalmd it can convert

benzyl chloride (2) to bibenzyl (3). 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.

All 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 iniroduced 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 retains- nuch of the reducing
ability of the parent Goup 1 netal, itis likely to find use as a powerful
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

di ssolved in tetrahydrofuran (THF) and passed through the col um.

Al ternatively, batch reactions can be carried out sinply by stirring THF
sol ut i ons hyfirogtre whichasancthew ibp caxtrdstedviand compresied St prgssutizedat dhe a:lompt‘qssed

exanpl e, as.is sho bel o nzoph ( radlc
ani on (ke?mh)ogerb\gﬂ Ibeélﬁ‘fa(,)\{lb fﬁgmf)g? ﬁ‘ﬁg%@aoé% %er &#‘%’ ﬂ%'ﬁtﬁ% ﬁgg%lsfn@?vn]lu
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quantitati t'o carr many o

reduct i ongofipesitionBest thbavwentfict. ealeSiritgd ih examplers, apon 5affomﬁﬁgmk®nniehtsc an
reduce benzgophenone (1) to the radical  anion f;amd it can convert henzyl
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conmpounds above indicate that the | ca
conposi t i ense wimavkd fiom,/athelwm ddled rddetedwxarlb was ﬂ@n deoidpd tmtiy apd abm;b thedi cal

ani ons or e fu 0 e chl gri nate
aromatic cg orlugﬂl? Slﬁlyﬁ %k(r}%g@'ﬁg P%i#gth{w?%e?%?% grb gl;frg}nttlgé’ 8g?roy CB' s
by dechl qxlaca ﬁrl disposah tefore igyition tin eﬁesmhi&ﬂﬁadmthemne bﬂahw geh o clddveupnael cirul
e BRI it o b Eh k. S SRR 55, ¢ e
reduction c@ﬁld%%l‘tb&t@f&ﬁn'aﬁ 'ilﬁlanNﬁeﬂ? ﬁrﬁﬁhiéﬂfiﬁelﬁﬁg?alﬁﬂw the @sHiA S fhulbeNa- K
or alkali netal -ammoni a soI utions. [0074] A major use for all four stages of

reduced suma@@tvehqugﬁrtql@n@@roome invention is in the fuel storage
potential gkt Necd R TRIhO Vsl AT ARG, 495 DERAE DotAREiufORE. CadilEl aGfle! S

substances, e.g. to vaporize fragrances in deodorizer compositions, are described in U.S.
patent application 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.
[0077] = Examples o o o o S
[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 Si0,. 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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For exanple, |arge stocks of the reduced silica gel powder m ght be kept on
conveyor trays wthin a holding tank. Addition to water would |iberate pure
hydrogen gas plus water vapor. All stages produce near quantitative anounts
of the hydrogen that woul d have been produced fromthe alkali metal used.
The hydrogen could then be used to power nobile fuel cells. For exanple,
stocks of the Group 1 netal/silica gel conpositions m ght be kept on
conveyer trays wthin a holding tank. Water is then introduced and the

m xi ng w ffinstt with wahet aisoddyer bnd déhent with 147 tdrghir ofen esbhha:tbﬂ dempdritere izached

extracted and co e ress r| zed The o res dro d be
used to fiP mm”g&g?%& d%ﬁ & CUSSRAPIY G Filich ggﬁﬁé’vﬁvdéﬁ j ust
silica gelpa@fvadbzsspdcﬁedsﬁea)whﬁnhg matxméﬁaato #00e! Ubrbxettéﬁﬁ@irl(b“ﬂéMom th new

Goup | netal or used for other purposes. [0075] Anather enbodi nent of the

i nvent i on [9&9ht e Exempiat Qresigatficep) ﬂee'aregmthet‘éroep anptelfsihcaygsl gompopsbiony ofs i | | s

of 1 he oo, By PrioRcs ATUIETY ORGP phR Byardpta s THARIRTLy W RIaiaN! 20°

prepar at i mrateuu‘ Tﬂlhé‘reduangqnswtaﬂ"m‘fsth&)ﬁmwpel mwtnﬂsiiiba)gel cAppdsitions Wasdddterminednpl e

8, upon p rf ng,exper.i rrent i n t ever al
granms of |‘%ﬁ’? \)/(Egémseﬁf“f @ﬁnﬁ Eﬁmg 8‘6’3“ Wﬁvﬂgﬁg&ﬁeggﬁg@i%re
first use@uf.np qih@@éﬁuﬂﬂgtpbﬁreﬁﬁldleﬁnedmstthé Weighi fekdény\bticalivaeth Dorl alidY uged thatcC e
removed fromithe heliumfilled glove box. It was then decided to try and

absor b thé”ouEbEfPéﬂﬁelIBﬁ’ FRIDG MNP oaéy RS it Waﬁﬁ@eﬂtbywamt@géh%mosea nmake
it fromt n Th| S

| ad to t AR ffind BBYE mell SR b RAGTN B Qliat 8 ol Thirbgen

parti cul arwals eellwtadenme@ab@teskmpﬁtasmmgleaﬂnpdlﬁed Abepplestyamp (Mteecmpflﬁbd)vxa'ﬁlea

l'iquid or form deal | hrreltlng
2l kol 1 oAbl ROt ol dnBalt dulifuents B Fibunl ol ol s R 5B cur
[0076] COIpmbéd BN theundtilgs) aldﬁaJ ISualemllﬁsss el rus Of ievsly safipRsel rediced silica,
deliver acti ve subst ances, to vapori ze fragrances 1.n deodori zer

conposi t i &¢asrdless of @Es%?‘i‘gelﬁdh"r ﬂm@r@ Fog sxampiedid g1A0cKYS sample ob NgKagStagedy st em
for Deli vefida Qb1 Aolhcld 1Y DRiARRGt of‘ﬁ?&h%?ed & Wblﬂ&%ﬁ)g&ﬁfc@@ by e lafhoBdt of

reference. Due to their stability the” Stage 1, conposi tions of
t he i nventNanalamed tl@meémmgm@ww waonld be H0%c t Thedotahgmewtit exfiabkalianegal Hydengidences.
In yet an her ven t.e S

conposi ti g‘?\ con?gﬁﬁl ng m&%‘?%f Fédl%h %fﬁcgﬁgcbgﬁlﬁg@?ﬁlnoﬁg&ofm?’ﬁ@

i nvent i on hyfokidex &fie! diffetehe: betwear ihe eotal alkpld sietdl pRrosdiige a0 dbtained dloaiithed to

15 wei ght percent of a reduced silica of the invention, 1Q to i ght
g tllta'ratlon and the redug'mg power is presurgaefally a measure of the concenﬁagon of Oﬁe g

groups and other sources of hydrogen. Alkali metals can react with such groups during
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 5.7 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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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 al so
contain other active ingredients such as disinfectants, surfactants, and
colors or dyes. The reaction of the Goup 1 netal/silica gel conposition
with water distributes the fragrance or other active ingredient. [0077] _
Exanpl es [0078] Exanple 1: An exenplary silica gel, Davisil 30 to 50 nesh,
was obtained from G ace-Davison as a free-flowi ng powder that is |listed as
99+ per centhoBiogeneitids\ia wencenirstionc INhe hrateddo € °Erandritedd fif tgpamamtes and tlemi al |,

probably water ;and aifr. In or to rempve the seous . material the silica
el e haSReEEd @At Akt h QoL R Sl P ) gospt €1 i ¢
a hot air cghpro 3RHpIeE meMekhstagel AR redhbifg PEwEMRY €tk daBIFREKA dbtémiRadied

approximately 3000 C. As discussed above, silica gel can_be out-gassed nore

easi |y (wading yatss e an prasueed sampl andsealiseting iy dressn im g masifiadgtaspplsr pyrap.600 C
or hotter A b Cl ﬂmi' ﬁm : [ O afd C : ture
of the Gr(;[llljlg r?c\ r(f‘]én% /@F?gg gelascté%pg%ghti ons {ﬁlgpﬁtglﬁlﬁt\jg%ﬂdoﬂr? ﬁgﬁlfﬁrﬁgﬁar
ability t @rqiucd theesaper endund of hydrogas duHpevdlation &by 2barg aftthetsame shaplenat er .
The "reducing .p r" .of the Goyp.l .netal/silica.gel conpositions, was

det er m ned’“"l‘g'§1 g%l’ﬁ UGHEE PVED gﬂﬂ%\}%&%a?%%%w Qﬁdn%E‘P‘Fs'leé'lt]i‘ﬁ%" ogen
w th a nodphdep@atibacppl er punp. The reduci ng power is defined as the weight
percent of alkali_metal or alloy used that would produce the same anmount of

hydr ogen. (6081} weExampla fH edhecorwryien of RpgeH majeriad je rStagsr banptatl fcamhea
known nas ternd r.eact.i ' .03S en
was. ool FodrimiEa 5 el i fhe's Al By thirtinf i 23S AL Sop SHIS dHiAEA.
(mercury fovermizt) at abhet 148*0uUnbaok dnydamomen ajmsgdhere ovhile snigjep eomiettyd #duiheal ent
to the a nt _that | d e been rodyced b tal (s).algne. Sych
anal yses%IFQW‘#M@%&%P@“@W&%&@%M%&&%ngélf%ime eCgrSe He
stage of thespl Rirfidé sizE,Sta@xX@ Matepial dthrtsdtodRelit’2Ss 30 RhBei0thalNaitht Bulkl 38& |

silica gel produced the same ampunt of hydrogen as woul d be produced by that

amount of temperataeel3 {Ge FhegwmedllnvplysortedH @ digdnesal) doobtagememetstiall commpetedt  of

T R

and back-titratiof wth so
al kal i nenadtal petiansn (Thg epresen bbsenerecf freecbhalitmpetalt inttheaporenoramdhe heface diitieng

power is presumably.a neasyre of .t oncentration,of. SiOH groups and ot her
sour ces 0F1W9§%§’d§i%.lesﬁ?%§?ﬁ“%qgﬁlt%& aﬁeercgg)(’:"td’aaﬂﬁ‘%éﬁ‘ groups during sanple
pLepar ati qeogzp r eheapke hyTHeogesaratibiiof Stazadl mafrihiScantRSieroRhad biheondhu@isn Of
the

heating of Stage 0 and Stage I materials to 400 °C or by using the higher melting alkali

metals, such as sodium and potassium. 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 locked 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 8i0,. 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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det ect abl e anmounts of gas fornmed during the m xing of the netal or alloy
with the silica gel. [00801 Exanple 3: Using a stainless steel pan inside
of a heliumfilled glove box, 14 g of outgassed and calcined silica gel was
mxed with 9.7 g of Na2K from a Pasteur pipette to create Stage O material.
The Na2K 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 Ve2§6.6K md Pusirr 7388 TordiAfldrieveutiong thermowad 17605 fumel Bpicdreasponding
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that shows Flttle or no nelting endothermby DSC (See Figure 7). "‘Because of

the smal | Tpaienalc|la 48 hes, thy agflicngnpeveer|derreased rtosonly 4484.ta setal s of defther
than at t*]ﬁ%?ag%lg aﬁﬂés?{no rE4HBE rvﬂth”&@g% ﬂ:ﬁ %f9§41§% Hrf ?H#% fxbl@"l’%ﬁs% J/g
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[0082] Exafmx@mpie 5TMheRRPRds Répatdd bHtaadmg 841 DRigaifisica galntoli83 ReY sfatayEd by
cont! nuousm an Erlenmeyer flask in a helium-filled glove box. Two other samples 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, 2 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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heating of Stage O and Stage | materials to 400 C or by using the higher
nmelting alkali nmetals, such as sodi um and potassium Qutgassed and cal ci ned
silica gel 13.5 g, was weighted out and about 7.3 g of Na netal was added.
The silica gel was outgassed with heating to a pressure of 3.5x10-5 tort.
The conbination of silica gel and Na was heated first to 150 C for 1 hr,

t hen shaken vigorously, then heated to 200 C for 1.5 his. The nmaterial was
shaken vi gorously approximately every 30 m nutes. Lastly, the nmaterial was
heat ed t 0 ex@B@moioWemeataljhBut, Sinee HOwdHr Cd comkednb lessdban 8.6 dndles€s/fiobsiling noThe

tenperature.was then raised 400, C and. t erlal s heat ed e
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3.012 g of NaK..  The NaK alloy was made with 5.562 of Na and 9.433 g of K
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evol uti onpldchgiowdeRs Héfing Ske Hinaerdl eopmidSnage 11 ando3Supe MIf red@ded! Cs-Thi s
H2 evolution corresponds tq 48.4 w%of netal in the silica gel noni nal |y
the 50 wt oRanIgHlica ggbitly themyalugignpf %ea&aﬁort%mplﬁer%ﬂwm%&Bﬁcaesuh
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however, ating during preparatiofi can initiate a strongly
exot her mi ceanethet therfirstabesiting reduliedrin ah dxothtimippeactiamdhat owts ndtepresess @l the[ 0084]
Exanpl e 7;:

A nunber. of, different preparations. with varyin ts of netal
OO oareyepit BREP1e. IS shor®] i coRisGRaH RLS RS HaleHaliR e K BsBlss T %
wei ght % oPagthesdgmfienvaactivnafaiestayd hmMarigind silica gel |oaded to a 45.6%
reduci ng power. The reducin power was genperally 94 % or nore of_ the
i mum t RO ol o oLt ol Tl B FECs SehBURSTS Rofe SHE° DO B The
reMmai Ni NG g 3b16 td4<dRBE BHRMALER 10ORE rh@Bal Shidhy th&@kéduHﬁ&ﬁ'M)redWﬁbﬁ wigf ect

sites. The neasurenent of the reducing power "after various treatments such
as expos@bgerved hyxihe dormatiom ehan indengablugseldr pbthersolrtige and venifsk bibebtaibingt t he

S0 g6y Bl [0 PUET B8 SE3RRAC, o
absence ofspsvaumt off #n althrabenepadisalldniort obthined by the reduction of anthracene with the
Stage I material of the invention, M-8G. This is essentially the same as the known spectrum
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 ratic of materials. Either the layered- or the mixed-bed
chromatograbhy 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.

H. _H
0007w — (I 000
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other alloys with different ratios of Na to Kthat are a liquid at or near
roomtenperature. For exanple, we have prepared a reduced silica using Na3K
wWith results simlar to that described in Exanple 5. The sanple was
prepared by adding 8412 ng of silica gel to 433 ng of Na3K in an Erl enneyer
flask in a heliumfilled gl ove box. Two other sanples with a 1:1 mass ratio
of NaK to silica gel have al so been prepared. Lastly, a sanple was prepared
with a 1:4 nmass ratio of NaK to silica gel. Al of these sanples forned

St age | fr{@lSSI | oviiigge 51 sl:dwsp@v\HeNMR spestrumr of the adduct of dr Blrah Redugdiog afer m

storage in 7 es.
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silica geﬁﬁ,sgjj pﬁépar@} | §?\§H Oe?ﬂ%% Ir Free- ngv%l% %‘gv\dsg%ma%%e Ic

vapor - phasempﬁiﬂndk |19ml$e Want pactjmr mdwhich r@drﬂdmmnarbﬁm ehloaregdrbdf Esults in
respectivel | oadi ngs of ce < 20 ddi tion
forned redf @ggt?qu@gl}eﬁVaq s OP Pse 1%;]"nae “'Eaﬁfeféﬁferai ﬁ@nﬁ? el ded
free- f | oWiehGrockibes hoWeVE Ehe reddian bﬁgbesae@@rohslgmkﬁbmaé heniebwa Bliew, thisand/ or

Stage 111 reduced Cs- cont ai ni ng silica ge th the evol ution of heat. For

exanpl e, Fpepking recieowas earedysit withsd PP m&ﬁfbﬁeml Filgride dissglvegdn {10 (%D’é'ﬂﬂ:ca gel
rE ior S?Ohgargp(%a&d%g%%gallt%%g'rrftéelgx%fcﬁ%qgmﬁ@gcﬁ%%ﬁaf]c(a?o 28 Wﬁg r ese | n the
reheat ed satuptien (~F0YS ostiored uphe rapichpassagediroogh G agmll icohmirer Haweten fGtthge |1 |
and the absee?‘lﬁ:nentatlon resulted in a complete, 100% yield when using Stage I and Stage 0

NazK/silica gel materials (~30-40 wi% Na;K) 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

NagK/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 exacily 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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of further significant reaction of the Stage Il material. [0087] Exanple
10: Al of the alkali netal-silica gel powders, from Stage O to Stage |1,
are able to reduce anthracene to the radical anion by Birch reduction. The
reducti on was observed by the formation of an intense blue color of the
solution and verified by obtaining the optical absorption spectrumof the
product (See Figure 8). Figure 8 shows an optical spectrumof an anthracene
radi cal ani on obtained by the reduction of anthracene with the Stage |

material of th Thig i t he sane as the known
spectrum of tﬁ'r&%& ﬁﬂ%lﬁggdi cal &SE 2a entL?é‘ﬂ +-8Gpersist in
sol ution for many hours. This reaction can be perforned using several

reaction setups such as a batch reaction, a layered (alKkali rret al-silica

gel | ayer n [ L4 ae. I t hi nm nd a

i xed (a|[§§?ﬁ aolile 12 ‘8@4‘ linEpatan’s R ‘l%ﬂ””%??gel)

f:hr 0 ma:j Oeramhmﬁg and 9ielamig myh“yi@ io€ piddyct50 Iﬁﬂasr ﬁthlef) sﬁfmﬁﬁ% gh%rafose 1t Tt]lilﬂri]atchme
ayered- or the niXxe rrato col umm, cou e u t

al kal i nﬁ?%“ﬁglqﬂl’@@i@é}ﬂ "Ylg’d sﬁg’ﬁc{‘éfhé‘*l -0 B‘Fo/ﬁeﬂ"é meés%ht. ng

radi cal ??% st brbdit, %@E@dmw\@t Shis whl SeiBPoth §CIMEUnd 'H NMR (See

di hydr oant ene as expected. The reaction may be illustrated as i's shown
bel ow. C FagMeS(BlAﬁIEo;oFigm H3-1 1 1show thoremalts of+ancaralysid ¢f the pp@ivesdf & gure 9

shows a 1H N tru of .1 C, Blrch Re n. of. athracene
o ooy TR R b Sy A A Dl Rl R BRI e vlion Mg o
gel  conpay stiows mémglla@eam«}e:rﬁaca,rﬁgﬁhem|shd>wls a matams;&ctmﬁeuﬂm pg:dﬁtta@ai |
Chan two HERGULC shet § FELNNER e aBouat - bhe NPECBTIGHS THC S Homeny RN Thi oo
i1 ust rats%éctﬁﬁ? cﬁ’fl‘;bﬁé NG Y1t Ofisdf E‘E‘O\BJ ke Ngfe@éﬁéétdfoéhl&%forﬁl 'ﬁ%ﬁPWHeutEﬂﬂﬁl

readily fornms a radical anion. anal ysis of a bul k reaction product
t hat had chieierprused ga el wmet plmwhﬁﬂﬁd%hm@at pihergigld ycal@mlt wem\@hﬁ ene

d 9,10 h
i th ot agsorRt HERAM BrARBHE peltpid LSy DARGELbAR 15 Bl I L BOIR,OT
i ndi cat i rtgosttllyablphag;uctSmﬁlaﬂy, sxnﬁmewampﬂiplbfelﬁ Terh®&d frﬁacmbmot}mjjhemd ®ilica
e e ot b A Tt i i 556k B e S A BEE iy 9

the primary product to be biphenyl, although '"H NMR showed the presence of other products.

Q '@ +2 M-SG———» / +M,S +8G

[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 origih 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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[ 0089] Exanple 11: One of the earliest reactions of alkali nmetals with
organic conpounds is the Wirtz reaction in which de-hal ogenation of a

chl orocarbon results in coupling to forma new carbon-carbon bond. Wen
used with a bulk alkali metal and the neat chlorocarbon however, the
reaction can be dangerously explosive. As is shown below, this coupling
reaction was carried out with -130 ng of benzyl chloride dissolved in 10 m
of THE by reduction with -1.3 g of Stage | Na2K/silica gel materi al
(--30-40 v estiNedthe Reat taf akactior dddhé prodact3tguced cilice2 dvithpwater.aphedhghsdage

th h th | | . waf Uk ' [ t |
L 0 i L M e R B 0 ¢ oA
mat eri al s whickQs 46but7%dNeI2KAt of pare sodinint Thas IROErdupriometal/dilica ged comPositions

Therefore, speed of colum pass, through will vary the extent of reactant
conver si off thg Invgatien igleass considerablaheat wWhem apactvihwalSt curred after 3 hours of

stirring yd th t Bk . | : C
det ect ed ‘!)nyObE]ot hqg-%%?aérrlnf uyril%ﬁllv%mb\lgs: ﬂy%?%g%ﬁé(dglggs -Igi?‘glu rggttsﬂnllg%@ (%8 C‘;h.e
Fi gur es 1eddit@Of3hClhandrvack-tiatianswithf scdinnahpdrosides Bie differengs bethuesn this resguct i on

of benzyl chloride.in a batch process. Fi 10A_shows inale |i GC

Crace b gt W TeRing ool B GEuRbRECT Bismt ot e SpBsERUR of ST itirs 0e s hovs
a 1H NVRGaéupt hihepll @shifdact Witle sidh @bepariuting Hiegpregarai(dB toniledre hyavoged.| Yhishe M5
of bibenzyl. £ Note the conplete absence of the peak for the reactant benzyl

chl ori de Hactiongis gppaumablyodip ongHe! e ﬂags%g@ﬁmtiqffgaﬁ pemmsdeluring theorsltegidlat i on
of 1,2 di g%ﬁﬁgpﬁeﬁ’%%&n’ﬁm@éﬂ' through the colum, conplete in bulk).
ts s at bot

These tes ow t aromatic and aliphatic hal ocarbons can be
readi |y d¢0084] ogdramels Idy- Priepar@ian g abOwtledoldim-potassijeh radoensadlicigeh of t he

12" Sl af 08P i F5F SRR FOMRE A8 WYt a0, O R RRET) O

and yi el dsilicaryeli 3 glof priosilicd gel vk fivdfer bat guesedSvittphdating ¢ atidue 860 ©C @nddrhat
the batch . reaction_of ph

| I fid ith S I 2K/ sili | ' 30-40
o NoKYiEh PR (BRI OBy Jheh APk langek Eaeraeyen et Beitoihe THEK Yha
ver 11 od Bgobeith RMETARFLIEH SRk SEBucTaVRE Hd 40 Ol 10U Rk 11C

show the results of an analysis of the product of an oOvernrght batc
reaction ks pidsdye theuflask ghat gpntined e siligy gel to Fenmer S850 siass rasiojof vidisa gelrio

Figure 1 sh - ' 2 F 1 QU . trum
of “Go. pr ook =6y el RaRIRgmt o bEALE ity B Byoier SR B R R BRAC [
Fi gure 11@fiesrepicvakbfromythd plevéwbdk, the flask was evacuated to approximately 2x107 Torr. A

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
107 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 (NH3) was then freeze-pumped once and distilled over the Na-silica gel powder,
thereby causing the following catalyst decomposition reaction:

Na + NH3; = 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 NH; was then
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spectrum of biphenyl. , It also shows the presence of chloroformfromthe
deuteron- chloroformused as well as sone phenyl sulfide reactant. The yield
cannot be qualified because of NVR overlap in the region of chem cal shift
at around 7.3 ppm but the product is nostly biphenyl. Simlarly, sulfur
was conpletely renoved from di benzot hi ophene, a process that is
particularly difficult in hydrocarbon desul furization. Again GC MS showed

the primar r Qdu t e bi phe | t heugh howed .t he, presence of
ot her pr od%/fﬂ{’)‘?a an&h; fgas% e%'clﬂ%? i" %E; #86 9 %‘?"%@F& i .hegﬂd g’H‘B Gﬁ‘t’?}nt
initial qyeAtingd VaBiurh RendiienOf AftGrehdaifgiRhd flagK hd Fiabé&@ackgﬁ%& BIROBbk.I ONS
of the invention was whether netallic Goup 1 netals are present in the

reduced silibpsemplenrsdhen datribyied e o vidls.s The fisshivial &449me) vas romeNedifins theodi um
and silic Ic%'bgié’%ﬁd &E%B?éaeﬂ-rgéha drdifre A WB B R Qld]aiggﬁl?va[sa{s@ sily,

It was préepared by evaporatin nia froma frozen so i'on ofsod™um i n
anmoni a. Hibmwe, gl 6335 redpetthiely) meere plaadd inethe gidveshoxdfrézerdi The fifhtsambple

scanni ng orimetr SC) . The, bsorbed n ti odiymat 98 C
vne used {0 dsphetdind semb el Store B Rmaed RES « i mE BaFE ot o1 1 oved
by broad [geg9| hergragmphe pics PREMESTOAISWivim-caEinihY QeducediiBéLpenas al so a sharp
endot herm ¢ 8eak of unknown origin at 280 C. Upon cooling the sanple and

reheat i ng, 100190} hfirehI2- 37848 of 9%t liemaed (Y80 mreph)Svastadded toramErivameyer flagk.ment

| et el ' I f Gl i
Sth Che. ot BARGR, b EeatddintiBhr PG e AFEANRRAS bR 4 Ak Bin, AL T
present i rwithheetorehd hedoschlfuel {Ogebascdmstedite giva.a yatldwitipondhd tprchi flamveasAferssi bl e
24 to estimpte the heat.of ,reacti on of t.he. pr t " uced sil.ica".with
ot b oo A out Eiei SR o aPp iRl 2145 e of S retpain it et o
i's approxivoRin® of 2.4 3R’ lte lAbkRas HRn heddd ahid bEmpaDI a pR¥uRS of DAL 107 THYS €

sodium Thus, the Goup 1 netal/silica gel conpositions of the invention

rel ease cdfir Beingbpated SRPmeRE Najvtas rellediinto gy lindeppandraddedpdby flaske Thsttarpetanount
of sodi umgnedrot A6, (ol dgvass! eNNGShERd P dhd bk Cihedlidite MnfifpelTo and
unt hydr The di et

back-titration wth sodi oxli de. f'erence en thisTesult
and the r egprokimptehpd@T Tow. Fhe Saskairsiheatedradamittendy for R mionte nbdeavaommods Si OH

groups. The G&.q I reac Lth such, groups duking .t ration
0o °r OF sasdgry 1S Brebvdfhi e AL RE o BAR HAR T 54 s R O
amount of Teas Nextrelde ik was hbredrehtili ¢ Wi remsidingron thet Wsllspsfethe Nlsgk Ofassi | i ca

gel . [009% Exanpl e, 14 - Preparation of a 50 w % sodi um pot assi um r educed
silica gel istilled onto the surface of the silica gel. Finally, the flask was then placed in a furnace at

210°C overnight. The sample was then distributed into 4 vials. All four 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 2x10” Torr and placed in a He filled glove box. The first sample of
Na / silica gel mixture was then addeéd to the Citrus Oil in the giove 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 onto the sample for 5 minutes. The sample was then aliowed to wénﬁ 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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[0095] First, about 40 g of silica gel was heated in air overnight at 600 C
to out-gas the silica gel. 3.0 g of this silica gel was further out-gassed
with heating to about 300 C under high vacuum (2x10-5 torn) in an adapted

| ong- neck Erlenneyer flask. Next, the flask was 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 50:50 nass ratio of

silica gel NaK. At this point t g o wet th i ca gel
surface taqmn?ﬁ@f Nae dliga afélaéwfwa%ﬂml\ﬁflﬁfﬁ e o5us Ol iyt Eié"’ﬁl%e% e,
flask was gy Wat ffdn ePacaRidl Wit N, €ooliflp, STHOEdmpléwas fHeh kil REHRtwRn to
agitation provided enough activation for the entire sanple to be converted

to a fretooh tswipergtuse andtho @asks Prqdocedyey thy remhoﬁtheNlaéadlcmﬂl andrbe €itiias no
det ect abl g,.;h t
apont aneoltt §ar afFuSR CTd SR s SRR o TR teltborptul RES1OMbes 19

t ouch. Pr ebsusrmirtaction.niTBe mﬁplewaeﬂxen hml&l wik Ilhulﬁmlitm’geﬁ land vatepnas hlhrwa‘dab m
(Stage Il or, Stage LI 0 ] Ex 15 - Preparatjion o

Sodi um coﬁ?’%&lie?ﬁerfgl U%‘E’Q c‘ﬁ‘“@‘&s Tﬁﬁ@@“ﬂ’ler—‘}’qs en 5C’Z’!':edt;f“’d’i"’*’%’-‘i o REFHel was
heat ed U”%Etxdﬁacﬁ‘ihlﬂ!@ah@l@mtﬂﬂr%te} hﬁll%laéels %ré)tﬁl:n cdﬁ&@tedfxﬁcﬂﬁx%aéﬁ?eﬁ then renoved
fromthe heat after nd0 nore gas evol ved and the pressure reached 3 x 10-5
Ton. Next [003H# fEﬁympmd§-ﬂﬁ@ﬁbﬁﬂﬁéémuﬁﬁmﬁnblove box filled with heliumvia
an evacua f ' S
added to i@%éll as ﬁr{t gﬁ‘f‘i&% ogﬁl?ﬂll-g))ﬂt&mg guher‘% f }r%géézagl]dpt]}?rr%e% g%‘élggand

di sti | | edbisssbondté)e0. I\hgmﬂmnaccgﬂlmpgmdhced s1hbregelp;:nd:a03 ighfyagrinecef Qilsemmdg

cat al yst eco osi tion, react 0098 I i ne
was then PPROPEAENTORROS Hnﬁ?@ﬁ‘“ﬂ’&ﬁ IE@e&a‘ﬁg’é ngg iﬂ&ﬂﬂ’ og H2
whi ch evokygisin @aﬁthmﬂagtﬂa@udéatsﬁicxsgu dRELONP Shrdgk e, Qwru%odoi\wr é&ﬁﬁ:lsiﬁ'oﬁg NH3

was then 25 renoved and the flask was evacuated to 3 x 10"5 Ton. Next, the

fl ask wasconsziniag Of iritgicrasid 0. ?éug] sqeyere bicashonatn 84hd 1dsms contpining 1edurering,

the flask the gl ove box. The sanple was then distributed
into 5 via%@?g#heﬁgﬁégﬁgé?g%'(449ng) was renoved fromthe glove box and was
stored at roomtenperature. The second, third, and fourth vials (509ny,
603ny, and 653ny, respectively) were placed in the glove box freezer. The
fifth sanple (122ng) was placed in a sealed vial before being dunped into a
1000 nmL beaker of water. [0099] Exanple 16 - Preparation of

Sodi um cont ai ning reduced silica gel [00100] First, 2.2786g of 99+%silica
gel (30-50 mesh) was added to an Erlenneyer fl ask.. '
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The flask was then heated and out gassed under vacuum conditions, first with
a heat - gun, then wth a torch. The torch fuel (02) was adjusted to give a
yellowtip to the torch flame. After heating and out gassing the silica
gel, approximately 2.145 g of silica gel remained with a volunme of 2.5 cnB.
The flask was then heated and punped to a pressure of 2 x 10-5 Torr. After
bei ng heated, 980ng of Na was rolled into cylinders and added to the fl ask.
The target anmount of Na was 1.0g. As the Na nelted in the flask, the
pressure changed to approximtely 10-3 Tort. The flask was heated

i nter m gRntd Vafia 80 m nutes under vacuum as nore gases evol ved. The fl ask
was then cooled to roon1tenperature and seal ed off at 2x10-5 Ton. Next, the
flask was heated until|l any remai ning on _the walls of the flask was
distilled onto t hé\rsqlkqlaeetabfedeﬁfémm W&g@l@? corppoiHyd; {he IMREOVRMEB kBRI NME n

' aced ted int
b slcgl sl Q%ﬁet Otﬁ?f&%aﬂ c co@%%@m%(?m\m lgggtaﬁﬁﬁw g@?ﬁggg% glleg‘rrl]{?tl yted into
rem’J" nderiging faSipap tli nethlyih ligaidefophacidpéroud shbca‘ ged @z @ inert[DBdGihkreRxaopl e 17 -

Fragrance Testjng [00102]. Two sanpl e f Na./ silic mxture from
Exanpl e 12thebgokcapditions pficisatitor S0 the ﬁaeg%m%émqtﬁégméawllea iPgFréd 520n.

684ng o fir a pressure of
2x10' 5 %Nor%etngH% (%o'u 1 Eﬁﬁﬁ%bg@%?rﬁjggﬁﬁfnogﬂd HE&G reaol:tﬁw ??E esarrpl e of Na/
silica gel mxture was then added to the Citrus Gl in the glove box. The
sanple was then eva d N2 coolin e .sanple was then

al l oned to wdrm to"“}%gﬂimﬁ &’il %Ilaé‘rfdgi"ﬁecﬂﬁg‘g‘éndpf' SRt FANPTEIRG i on
of the Mandheild the Brdle c%ﬂﬂ:ohﬁ@u@htz{@ﬁ) gll meifflificd B ggsm&bﬁre?%alb? was

then hel'd at room tenperature for nutes to ser reaction. "The
sanpl e wasinghebroupd| metalintliguid ﬁ|mmd)v11th pmrogsamllmlgblmderexmﬂsrraid conditiono
condense to the s |l e far..5 m nut The, sa hen d to warm
o per byt sitope fiu eGP a Mo e SRR el ol Yr SR e ect ed
and meagFlowhiBRKASGrdle] ﬁeemﬂadmﬁ %Bl&!c%d@ﬁiti@ﬁ%@ocﬁ;@@d A58 nol BheDwRA a4 brus Q|

fragrance was freeze punped 3 times to a pressure of 2x10'5 Ton and pl aced
ina He filled glove box. The second 26 sarrple of Na! silica gel mxture

th dd d to th b : | th
evacuat od wi on |1 i Gl el gt ataCouR SRS mdl R i B el e,
room t eFpRGAinY the @ngntcf@n%%ﬂa vahOOERe 1ovetalisliELad cb@podtion pRpiR_J/bysi | i ca

gel and the Citrus QO were nmeasured. The sanple was then held at room
t enper atik@gfadproppd metalindiquidforgy¥igk peropesilied gl underexetepnis aaditiongn cool ed

W th T quidliddl 1 Q968 tﬁgﬂq%t(?ﬂ’ou%smahll RNEHe §Pica 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,.

4. An alkali metal reduction of an organic compound, the improvement comprising
contacting the organic compound with a Group 1 metal/silica gel composition prepared by
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 above about 400°C, wherein the Group 1 metal/silica gel

composition produced does not react with dry O,.
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condense onto the sanple for 5 mnutes. The sanple was then allowed to warm
to permt reaction of the sanple with water. Al gases were then collected
and nmeasured. [00104] Exanple 18 - Deodorizer Conpositions [00105] A first
deodori zer conposition containing 0.8 g citric acid, 0.35 g sodium

bi carbonate, 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 ufh bi cdhbehalianctg reducgionoban araapisrroaipernd of enieicdaisis I da3.g81%; and
0.35 g fragrapc A thir 20dori zer ¢ 1.5 LN . itric
aci d, "o e ET oy dih IRt b he SRR Tb AR AN ALELAS R Ry Pl | T 2
gel , andrfnk @didtiagredtion réstlitWiathe pfodicadnmethyldsogeh.gadn al kal i net al
reducti on of an organi c conpound, the inprovenent conprising contacting the
organi ¢ conpound with a Goup 1 netal/silica gel conposition prepared by

m xing a Goup | b Lol oL ar ' N N @an pnert

at nosphere ulrg%der Iﬁ%%bﬁtllal?nn%%ﬂlg%% llogiog]r%}s{\ﬂog%f]&?(%l ntuﬁgti(k))fa s[(gﬁlf(lblalt el’Pi gﬁl}?d

G oup 1 wheteih therdrgarib eedattiérc@agsin ipaBish redueeneivfiat lren@tiogpmbpounnst.al / sil i ca
gel conposition produced reacts with dry 02. 2. An alkali netal reduction of
an organi ¢ conpound, the inprovenent conprising contacting the organic
conpound with a G : | L8 i Fedl LXi Ng a
Group | metall | n 1O E ieBtqond AR or AR AR oPLEPH AR, 207,

condi t i oviereis tefdrgardateducti@bactipntibe dehalogahatBrorepctiomet ahalogenhicd wrghni& oup 1
metal alloy info the silica gel pores, wherein the Goup | netal/silica gel
conposi tCP%‘éo‘ﬁ?cfnduced does not react with dry 02. 3. An alkali netal
reducti on of an organi ¢ conpound, the inprovenent conprising contacting the
organi ¢ conpound with a Goup 1 netal/silica gel conposition prepared by
mxing a Godp 1 nihealkalimétalpgibactionrahaniotganporooymusd lof ey ofedlaimsde 2, or 3,
exot herm,c condi tions %iiilutf'fi Ci etnt .toveb]iorb t he tJ i qaii d ﬁu? l.nmetal into
the sil| MEETGRMCGRIBLUC rediguoRIearin] 18 AV PACTFREHRLT ahalogrPalct STemiCORIRMNlr e of
bet ween about 215C to about 400C, wherein the Goup 1 netal/silica gel
conposi tion produced does not react with dry 02 4. An alkali netal reduction
of an or gani @ conpderadkalitetal iepraioaredan ocgsmpr Gosipognd obanaet ¢laignst ha, or Jani ¢

conpound wi t.h_a G oup | tal /sili.ca gel,.conpositi.on epared b m xi ng a
Group. 1 "WHErER U PTeRER reu PR RreaRian 153 St iRt reneoh dlard ot rlppgtind

condi ti @pstairshy 4 bwlfi@dlinkdpcabsorb the liquid Goup 1 netal into the silica
gel pores, and heating the resulting

10.  The alkali metal reduction of an organic compound of any of claims 1, 2, 3, or 4,

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

11.  The alkali metal reduction of an organic compound of claim 10, wherein the pores

of the silica gel have an average pore size of approximately 150 A.
12. The alkali metal reduction of an organic compound of any of claims 1, 2, 3, or 4,

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.
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m xture to a tenperature of above about 400C, wherein the Goup 1
netal/silica gel conposition produced does not react with dry 02. 28 5. The
al kali metal reduction of an organic conpound of any of clains 1, 2, 3, or
4, wherein the Goup | netal/silica gel conposition is contacted with
water, and wherein the organic reduction reaction results in the production
of hydrogen g{a 6. The alkali netal reduction of an grgani¢c conpound of any
of clains 1, orTbg alkaliiieetal rdeationof @aﬁr@nﬁé@muaﬁ% OF elaim il driwharein the r ch

reducti reduction of an
organlcQ%oH%oungﬁdf ﬂ%ﬁggﬁMp%rféogahl(ﬁéﬁﬁhaﬁ reln the organic reduction
reaction is a dehalogenation reaction of a hal ogenated organic conpound 8.
The al kali netal redu tlon of an organi ¢ coppound of any of .cl ai , or
3, wherein tifle orTé‘S 1@lrr@e}alcrsswwpéﬁeﬁPaa@n_}cscoglwpflf?ﬁéée{qlaﬁmoﬁ Yok,

hal Ogengtr%felmr&a@fo pAdRg QnggrezseI% in fEGRIEA! hetlPlifta £ bbANOR T ANaREGRN! ©

conpoun reint gan| reduction reaction
is a de&phéﬁﬁ%ﬂgbwaghfbaﬁtlon of an organlc conpound containing a sulfide

| i nkage. 10. The aIkaIi netal reduction of an organic conpound of any of
clainms 1, 2, 3, or rein _the pores of the silica have an_average
pore size of épprégher?Hfaé‘l Ivetsbreﬁhéctwn@é@nmgaﬂc conmé)uaﬂpapigw%és whereayihe Grevp of

[, h
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of an onfjanbttveospaordi®updnyetals. cl ains 1, 2, 3, or 4, mhereln the Goup 1

netal is selected fromthe group consisting of sodi um potassi um rubidi um
cesium and an alloy of two or nore G oup | netals. 29 13. The al kali netal

reduct ion of 18 OrEANIGISABRPHARRR AAolcki cHIERENRTLAR IS Blrch qiEtal 1S

sodi um potassium or a sodi um pot assi um kal I neta

reduct i diroop 1 ametargsodiemcprtpsiomd oof samyamﬁotadsmmmlldy. 2, 3, or 4, wherein
the Goup | netal is present in the Goup 1 netal/silica gel conposition in
an amount up to 50% by weight |oad. 15. The al kali netal reduction of an

organi ¢ conpgynd OIfhe%lllé‘ih%étal fé’ﬂﬁétﬁinrbftaﬂ%r% mpoulfB b klaird 75%&%%&61-8{15 the
group consisting of sodium potassium dium” cesium and
1 metal is selected from the group consisting of sodium, potassium, rubidium, ces1um and an

alloy of two or more Group 1 metals.

18.  The alkali metal reduction of an organic compound of claim 17, wherein the

Group 1 metal is sodium, potassium, or a sodium-potassium alloy.

19.  The alkali metal reduction of an organic compound of claim 8, 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.

20.  The alkali metal reduction of an organic compound of claim 19, wherein the

Group 1 metal is sodium, potassium, or a sodium-potassium alloy.
21.  The alkali metal reduction of an organic compound of claim 9, wherein the Group

1 metal is selected from the group consisting of sodium, potassium, rubidium, cesium, and an

alloy of twoe or more Group 1 metals.
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alloy of two or nore Goup | nmetals. 16. The alkali netal reduction of an
organi ¢ conpound of claim 15, wherein the Goup | netal is sodium

pot assium or a sodium potassiumalloy. 17. The alkali netal reduction of an
organi ¢ conpound of claim?7, wherein the Goup | netal is selected fromthe
group consi sting of sodium potassium rubidium cesium and an alloy of
two or nore Goup 1 netals. 18. The alkali netal reduction of an organic
conmpound of claim 17, wherein the Goup 1 netal is sodium potassium or a
sodi um pot assjum aplQ¥iali ReralRudidrltlan Bk athc ERHIRIRR Rim N, RHERH fhe
conpound of claim$8, wherein the Goup 1°netal is selected fromthe group
consi st iGrgupfl madi isspdipmt pstassium, arabiodivarpotessimiailomnd an  al |l oy of two or
nore Goup 1 netals. 20, The alkali netal reduction of an organic conpound
of claim19, wherein the Goup 1 netal is sodium potassium or a

sodi um potassiumalloy. 21. The al kali netal reduction of an organic
conpound of claim9, wherein the Goup 1 netal is selected fromthe group
consi sting of sodium potassium rubidium cesium and an alloy of two or
nore Goup I netals. 30 22. The alkali netal reduction of an organic
conpound of claim 21, wherein the Goup | netal is sodium potassium or a
sodi um potassium al | oy. 31
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