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BACKGROUND OF THE INVENTION
[0003] Alkali metals, those in Group 1 of the periodic table, and alloys of alkali metals,

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 liqliid 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
encapsulatmn in all- sﬂlca zeolites revealed that such a combination reacts exothermically
with water to produce hydrogen quantltatweiy (See, for example, "Foward Inorgamc )
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.
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exanple, it was recently shown that pure silica zeolites can absorb
up to 12 nol e percent cesiumfromthe vapor phase and conparabl e
anounts of the other alkali netals (except lithiunm). Prior research

wi th al kalDye/"Ehdd. BNEAMPSIY], an410m4sn(@loh{ Stid %c&%%hbﬁ 88 SJ&Mﬁ%ﬁﬁbédw the
such a conbi nati on reacts exot herm cal wat er to produce

hydr ogen &eRii Perapqsitiom, hqveer, W%rto@mm be Pfaptwﬁr dnladdﬁ@anﬁl@ reaction was

\EfI Ieffaura!sgﬁsa \/?‘ly %m %Sﬁm dem}n djf%‘i&%vft%q%ﬁyﬁ&?%%% ]?id}g ]!z? nor gani c

El ectri de§0085} ned heyusé\ok gbﬂassmfn anetahdidipeisedhon siliPuae a SedgentainAegdnid ssthesis

Vit or . 1500 paife O Db Rost et P v 20 ¢RiF o R Rapeniym

t he zeol | hrtal QP Aisptised Sntol Ml RT (CAB RepRey NuNV 7691 -86-9P k@Gl @lloidaD silica,

addi tion react.i on s.relatjvely slow with slow sodium diffusion

within t h@’&‘ﬁ‘i%rﬁaﬁ &8 nzfswmgfaﬁ%ﬁl@a)sﬁ)rfém%mg]lqmbotﬁs@atwlp&Iﬁggacumty of the

metal di saﬁféﬁﬁwme%ﬁdng&ﬁe@wﬁ WA UEA berdsbp 91?&‘%?1:&;\&}2?{15% .s'cpﬁ‘ﬁgkel

reported by Levy et at, An Eng 0

1033. Pot &b, Ongavematalliga 20 @ﬂ)e‘i‘lsléfﬂla&t%hgnwca gel (CAS Regl st ry No.

7631- 86- 9; ual I

area) pro L@ B g %X%e(r@o%lrﬂsﬁ%g@enfgﬂtee{ro e y’ﬁ%g&re%gsi%l}%&}l%lpg@?ﬁt“@?a%e{ A ngn
s denongki ataydbenedstly \hgneﬂed anthotiea zslgnifem@tnless msmtabmcﬁeﬂtpw.’rhﬁemvennon

al so, Russel ., et al Organonetal l'ics 2002, 21, 4113-4128, Schene 3.
Atswers thatheed. .

SUMMARY OF THE INVENTION

[0007]  The invention relates to a Group 1 metal/silica gel composition comprising the

product of mixing a liquid Group 1 metal with silica gel in an inert atmosphere under
isothermal conditions sufficient to absorb the Hquid Group 1 metal into the silica gel pores.
The Group 1 metal/silica gel composition produced reacts with dry O,. This material is
referred to as “Stage 07 material.
[0008] The invention also relates to a Group 1 metal/silica gel composition comprising
the product of mixing a liquid Group 1 metal with silica gel under exothermic conditions
sufficient to absorb the liquid Group 1 metal into the silica gel pores. The Group 1
" metal/silica gel composition produced does not react with dry O, Tin's material is referred to
as “Stage I” material. .
[0009] In addition, the invention relates to a Group 1 metal/silica gel composition
comprising the product of mixing a liquid Group 1 metal with silica gel under coriditions
sufficient to absorb the liquid Group 1 metal into the silica gel pores and heating the resulting
- mixture to a temperature of between about 215°C to about 400°C. The Group 1 metal/silica
gel composition produced éoes_gqi_: react with dry O,. This material is referred to as “Stage .
II” material.
[0010]  The invention also relates to a Group 1 metal/silica gel composition comprising
the product of mixing a liquid Group 1 metal with silica gel under conditions sufficient to

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



[ 0006] A need exists, therefore, to have alkali netals and their

all oys available in a formthat nmay be easily handled w thout a
significant loss in netal reactivity. This invention answers that
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[0016] Figure 6 shows the inflation of a balloon with hydrogen after adding water to style
I 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 [ 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 pro&uct 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 pheriyl 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



absorb the liquid Goup 1 netal into the silica gel pores and heating
the resulting mxture to a tenperature of above about 400C. The
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particles ilg\%% 'glg %g ralllkézlt 1 I%L:tlalogllo(grf is preferably an alloy of two or more alkali metals, for
example sodium-potassium (NaK) alloys, which are particularly preferred. Other preferred
alkali metal alloys are those containing, potassium, cesium, and rubidium with each other and
particularly alloys of these elements with sodium. The alkali metal alloys are within the
“Group 1 metal” definition as used in the specification and claims, '
[0025] In preparing the Group 1 metal/silica gel compositions of the invention, the Group
( 1 metal is typically mixed with the silica gel. The viscosity of the liquid Group 1 metal
should be at least low enough to be absorbed by the silica gel. One method to accomplish
this is heating the alkali metal in an inert atmosphere prior to mixing it with the silica gel.
Alternatively, depending on the stage of material to be prepared, the Group 1 metal may be
mixed as a solid with the silica gel and the mixture heated to melt the alkali metal.
[0026]  Another method to introduce Group 1 metals into silica gel is from the vapor
phase as was done with zeolites. (See A. S. Ichimura, J. L. Dye, M. A, Camblor and L.
A. Villaescusa, J. Am. Chem. Soc., 124, 1170-1171 (2002) and D. P.Wemette, A. S.
Ichimura, S. A, Urbin and J. L. Dye, Chem. Mater. 15, 1441-1448, (2003).) 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, sitply 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 temperat'uré (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, liguid at or near

room temperature. A preferred low-melting alloy is that between sodium and potassium



conposition Na2K to the | oose, shiny, black Stage | powder.
[0015]Figure 5 is a Differential Scanning Calorinetry (DSC) diagram
showi ng traces of 2.4 ng Na mxed with 3.9 ng of silica gel.

[ 0016] Figure 6 shows the inflation of a balloon with hydrogen after
adding water to style Il sodiumsilica gel material. [0017]Figure 7
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be approprlate to use for this purpose. Ternary alloys, made from three of these four alkali

metals, or an alloy of all four would also melt at low enough temperatures to form a Group 1
metal/silica gel composition of the invention. )
[0028]  Silica Gel
[0029] Silica gel is a porous form of amorphous silica. It is a free-flowing powder that is
( listed as 99+ percent Si0O,. Silica gel is readily available and inexpensive. Silica gel
generally has a pore volume ranging from about 0.6 to about 1.2 em®/g, and a surface aréa
ranging from about 300 to about 750 m %/g. Silica gel is commonly available in the following
mesh sizes: 3-8, 6-16, 14-20, 14-42, 30-60, 28-200, and as small as mesh 325, Given its
porous nature, silica gel can take up large amounts of absorbed material. The silica gels used
in the silica gel compositions of the invention preferably have pore sizes ranging from 50 A
to 1000 A. Preferably, the pore size may range from 100 to 300 A. More preferably, the
average diameter of the pores of the silica gel will be approximately 150 A. Preferred forms
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.
[0630] 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
flagk, 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 laitice to form siloxane, Si-O-8i, groups with the

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



[ 0020] Fi gures 10A-10C show the results of an analysis of the product
of reduction of benzyl chloride in a batch process. [0021] Fi gures
11A-11C show the results of an analysis of the product of an
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parti cul acbpinReefoterLabed in the chemical industry and for the hydrogen production community.
Answering that need, the invention relates to Group 1 metal/silica gel compositions
comprising silica gel and an alkali metal or an alkali metal alloy. The compositions of the
mventions are described as Stage 0, I, II, and III materials. These materials differ in their
preparation and chemical reactivity. Each successive stage may be prepared directly using

( the methods described below or from an earlier stage material. Stage 0 materials may, for
example, be prepared using liquid alloys of Na and K which are rapidly absorbed by silica gel
(porous Si0;) under isothermal conditions, preferably at or just above room temperature, to
form loose black powders that retain much of the reducing ability of the parent metals. If is
believed the Stage 0 materials have small clusters of neutral Group 1 metal absorbed in the
siica gel pores. The Stage 0 materials are pyrophoric but less explosive in air as compared to
their parent Group 1 metal. Stage 1 materials may be prepared by heating Stage 0 materials
at 140°C overnight. Stage I material is a loose black powder that are indefinitely stable in dry
air. Subsequent heating to 400°C produces Stage I materials, which are also loose black
powders. Further heating above 400°C forms Stage I1I material with release of some Group 1
metal, Ii is believed that Stage I, Il and III materials represent reductions of the silica gel
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 Scanning Calorimetry (DSC).
The heat absorbed upon melting NaK in the silica gel pores at -25-0 °C was used to determine
_ the amount of encapsulated metal that remained as metal in the silica gel. This was followed

by broad exothermic peaks between 5°C and 650 °C. Upon cooling and reheating the same
sample, no appreciable thermal peaks were observed. This shows that the heat freatment
causes encapsulated metal in the pores to react with silica gel to produce Stage II and then
Stage 11T material, although the boundaries are not sharp. This conversion to Stage Il and III
material does not appreciably change the hydrogen producing abilities of the material.
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Potassium heated to 215°C to incorporate all metal,

and then gradually heated above 400°C over
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obt ai ned Py 31 Do 6 el g BAsOSHhT fioh Ael ok & BRyE Fpih the

the Davi smo@uamecaal TihivAlE, BprefarMR e aaeridospasitvedtionSthe stk gél PRIy
si ze, granultg(Lt%% 60 nesh, (?l ain white, no indicator). An alternate

supplier 8f2 appre¥ipgtele 0G°C qrrdehen dn air dn avmens W@P‘V idgiga thst silica gel, and
Ml ti sor b h BRR0EAELN@UNEI N ORer intAndd8 no W ER ¢ I'P’:Ua(rf; ? ﬁ}d/or assivate the
arge a U nts o

free-flow ng powder, it typically contains gaseous
materi al , sdige Belanaymlsehe wad air. These are preferably renmoved prior

to m xing 6&9713|I$[%8 (gﬂate#],h an alkali netal or alloy to form

conp03|t| on. The silica gel my be degassed using
”Et hods kr[\ﬁﬁaS] i n THeeStagd 0 thaieriad od i mveﬂtmnr@pmﬁlgt bentgas Rﬁuﬁzelmg&}?rbﬂ;b 1

e silica ted un , .evacuabl e .f
First wi i Ao Tuioy B Do of RUR AT Eegion G BHEkedeipgion into the
achi eves GRIFRQERIMIRS ThuROEAXbdTRieRlel 23 0fn&calb tallali AeHO 0P ARSI Bhétal alloy

and is actually preferred, to renove the 8ases nore easily and to

passi vat e pagicley & ﬁ]ﬁt%ﬂ B9reﬁé%s% ¢thegnelfebssred adthigeihe tméwa e@ic SﬁwetOematenal
(900Q) in 2o ik 1 thétallsRiddGkl & bak Aai o
gel to 600C or g er ca S atalrseas%jeso Sl?l ° H SiT es |n %Aflnﬁ%n"a

pores or shqmdc@roggll ngtat pte liquidf Growp dli inefeh alégy, Suchcasgﬂ ang rvat]pshw ge under
the Concom tl:ha ?Il o 1t1%]:crls g@tﬁr}%eﬁt t@%gorg%l; tlhtgutu? @trél}iagl glekal or hﬂuzdc&%e)u%l metal

tenperature Wou uce a usab mater! a
portion ofantmmtcatﬂeaihcarmi phresioRtEfirpd Ghadp yrnbmlsrfeﬂ Saped navaials ibylude a low-

reaction w h fect Si - The | js ica | ed

0T oom t SieHoRE Tyart wich PRRRR g SNEK AT 1 The slady DfibES ! g Aficd et

ESHPOSi ti QBﬁPémﬁ&}?rdaﬂﬁé&ﬁtﬂ ey Of,G3dd Slffekéiﬂla@@ ht SORTRISdd 1, ANSand 111 materials.
nt ai ni n

kali Metal and Al Kali Met al ONY 003]The ability to
utilize abiageiStagsttamsteypl Breactveyithdar aintis Sh dabec%q@@bﬂ. I8 YRCUOp R OXygen-
continues g9 aﬁﬁosghé}s%d'ﬁ?eféﬂaﬁl GRS A b SPHSE M YeudaeF mﬁggenmf% %?c'”gas

pr oduction conmu swer | g t hat nee the | nvention rel at es
Gr oup 1 méVhild giel $tege @ematcnaipwd] tgnUwpmﬁampu@Y iy agi liti e lgelstomddmalnr such

al kali metal ..or an a TIh onpositions of the
i nventions %?ﬁO%é%cn g‘%c%}gg gg %Xew qmﬁand 1l materials. These

material s [0§F0fer Ta fdrkgesvag@t)emgr&gs @rﬁﬁmﬂ Icieta ﬁ&ﬁlxb@&dﬁl Séhdaygel Eaah inert
successi ve stage may be prepared,.direct sing the nethods desc

bel ow or ﬁFB?ﬁPg e ey @Pf%ﬁ“%gé"%’i@}sr HTefééaé%iﬁﬁég M IRRReTaly g Q‘Fff*ﬁg 4Y0$°°V3
exanpl e, hg, Qhﬁi&%ﬁ?’mb&ﬁ't&@xeﬁhﬂﬂi&ﬂ@dﬂ R¥@l of aly Bnd dﬁsmb@ khtartr% silica. The

rapi dly absorbed b l'ica gel (porous Si02) under isothernal

condi t i onguixmgehest é@ Agnegin mﬂnmom@uﬁbwﬁ@m@%@é or glyve bagn During

| oose bl a(}'lo(ll-n?a?i\'\ﬁeorfsa ﬁ%@ﬁ&ﬁ%@ n%%%?la ge %&]ﬁd rCﬁngJC Qb 'Sl!ldhtf}é IIQ‘L,Kt Iﬁfay be

parent neta eve mat eri a ai/e sna
clusters quom‘mdLﬁmeab Hexloafpsilicangd] at radys dertysdatine. t Tee fmxtam 1gealg1tpted qﬁeferably

The St age terials ar oric b l.ess S|ve.|na

Compar od CHTEHET PR dnECER g70d e e SRt & brdbd dbsorbed

prepared byipheapbRgs SR geDwitBé @ fand|sfondficad Gt oF RAbEIH or Spd@fible release of
heat.




[0034] The Group 1 netal/ silica gel conpositions of the invention
conprise silica gel wth absorbed Goup 1 netal. The anount of G oup
1 netal |oading is dependent upon the pore size and pore density of
the actual silica gel used. Typically, the Goup 1 netal may be
present in the conpositions of the invention up to about ‘50 % by

wei ght . Proatiey abbﬁpeﬂdhg @gﬂmufmta Glouprat attalr mg,e&'tefabmpﬂ@ o tho mxda/ﬁbgnp 1
weight. In the St age

d I]J
| oadi ngs BEHE fQH’égFagﬂ@ m/%t?}}al\%é‘?faﬁ‘?ly ggé%;r WR#’JH lgot”ﬁg P 'gigt\é%@%r'g ¢ (25°C). In
remai ni ngtHBQYﬂl%h? Pﬁicééscs% ek h@ﬁﬁ@&oh[e@@l?&'ﬂh?@@mﬁemas dot'BRE@hd ﬁtbticb;ﬂﬂy getm

conpositions o he invention react rapidly wth water. to produc
gaseous hidr ayeerts o mémdu@ffu‘ahlchtléltalfﬂ@ VEPg WEP&PE% lagk pewder, g gghich. the

yi el d. Th%}%&#@ Ramggg Bk I h 2 Htace Oﬂﬂé)ﬁflﬁﬂlﬁ% ﬁﬁaﬂe@%ﬂ DVER dudfient to

whose pre proper Ot are descri bed ow, show prom se as
easi |y shuppetheailicilinaetal ﬁoblbgaodnestbﬂﬁbadl @éfmdkwﬂbgb}ﬁﬂmmh@sg&bom fige of

d
rabl o | banoa sy ieies et s pERes AT BBl EAR G LR e fom

0, I, I'l, s@pgh hihutBPtLEdvatas holdb(Ehid mBtingreime lofldStragdsr the ;irepatdtl,onaxﬁdlny
1l Material Preferred Metals /Al gys .Used Preparation Procedures
Type Group 1 metal/silica gel composition of the invention. 5

[0041]  When preparing Stage 0 material, any heat generated by the reaction or put into
( the reaction should be controlled or dissipated. A significant temperature increase during the
preparation should be avoided. In a preferred embodiment the Stage 0 material is formed
near room temperature (25°C). Heating much above this temperature generally leads to the
formation of Stage I material. The temperature may be controlled by spreading the silica gel
(for example, on a metal tray), ‘stirrhlg the silica gel, or by cooling the reaction vessel. The
reaction temperature should, however, be maintained such that the Group 1 metal remains
liquid so that it may be absorbed by the silica gel. It should also be noted that Stage 0
material can slowly convert to Stage I material over time when kept at room temperature,
although further conversion to Stage II 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 neuiral
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 NaK 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 Stage 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



Stage O Liquid alloys (NaK, Na2K, etc.) Under inert atnosphere or

vacuum

liquid alkali netal alloy is added to silica gel at or near

roomtenperature. On a large-scale, this process wuld be best done
by adding the liquid netal or alloy to silica gel spread in a netal
pan that woul d dissipate any heat which nay be produced. Stage |

Li qui d adilicygs! piddiGes MaSthge, 0 ateripl Withyug pignifosit diedmvolation, thyndiage { mstsrial

oA o 304 L el b

gel and W Cab

m nu ours a

bel ow 158 m&btﬁ@thb)l' nﬁ@db&llﬁrﬁ&ﬁamﬂl cove hiad Hot alibivey $o come in contact with large

amounts of air and moisture. In spite of these restrictions, the Stage 0 materials have utility
in highly reducing chromatography applications. The porosity of packed columns of the
Group 1 metal/silica gel compositions of the invention provide a reducing environment that
cannot be met with the parent metals or alloys. This, as discussed below, permits the Stage 0
material to be used to produce hydrogen from water and as a reducing agent reacting with a
number of reducible organic materials in a manner similar to that of the pure alkali metals.
[0045] Stage I Material

[0046] The Stage I material of the invention is a Group 1 metal/silica gel composition
comprising the product of mixing a liquid Group 1 metal with silica gel under-exothermic
conditions sufficient to absorb the liquid Group 1 metal into the silica gel pores. The Stage I
Group 1 metal/silica gel composition produced does not react with dry Oz In the Stage I

material it appears that the alkali metal or alloy has been converted to a form that loses the

_properties of the bulk metal, such as melting. The framework within which the active

reducing material is dispersed appears to be largely $10;. Pair Distribution Function
experiments on the Stage I material exhibit predominantly silicon and oxygen peaks with no
crystallinity which suggests that the alkali metal(s) have ionized to form alkali cations, with
the electrons released to the silica framework or to the void spaces. See Billinge, ef 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 (j.e., approximately 70°C to 150°C) and agitated for

_ between several minutes to several hours. Generally speaking, bigher reaction temperatutes

convert the materjal in shorter times. The reaction to form Stage I materials is mildly
exothermic, and, on a large scale, the -process' would be preferably done by adding the liquid
metal or alloy to the silica gel in a metal pan that would remove heat as it is produced. The
reaction appears to form an alkali metal —~ silica gel lattice. The exothermic nature of the

reaction differentiates Stage I material from Stage 0 material. Heating above the exotherm
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: : to
Under inert atnosphere or vacuum alkali netal or a! Inggrlgrg?ceieg”
silica gel and is heated to between 215C - 400C to g pPot teal
nmetal and to reduce sensitivity to alr..Stagellll SFI gumis Lassium
Under inert atnosphere or vacuum alkali neta orlia rre%/al added 10
silica gel _and is heated.to 215C to incorporate a ,

gr adual | y “HedPRYTa48e hoodenaleto Skige Kl ad Swﬁesﬁy%ﬁéna}giog%%ggﬁelgcupm the

tenfdefdfyrs Ui Ci in the silica gel. [0036]As Sef
QE(I;SZ at gt;éz?pg ar g_u;ﬂ dgf the Goup 1 netal/silica gel conpositions of

the i nventddll | When foreheliing by degass ARCdE Wilfed 1 St I8

vt o PR B Sl ok o bt

2ppr o raeeryea0OCminbofec K0 0! IS ht o 935 1 i

f'o' e 3 geés§lblggn élﬂéd?g?nagag stivaidumenof sitiges & gad IMBYhal SRpBS Mefiost direct
preparation of Stage I materials is to heat Stage 0 samples overnight under an inert
atmosphere at temperatures of 140 °C. Other times and temperatures may work also, but care
should be taken to avoid overheating, which can lead to the formation of Stage IT. To insure 3
homogeneous prodnet, provision should be made for agitation during the heating process,
[0049} The Stage I material is an amorphous, shiny black powder that does not
immediately react with dry air, but reacts exothermically with water, A DSC of the Stage I
material shows little or no Group 1 metal remaining within the silica gel. The difference
between Stages I and 0 is that the former can be handled in dry air and even quickly
fransferred in ordinary laboratory air without catching fire or degrading rapidly. When kept
under an atmosphere of dry oxygen for hours to days, S’éage I material (in contrast to Stage 0
material which reacts which dry 0,) is unchanged and produces the same amount of
hydrogen gas upon reaction with liquid water as do fresh samples.
[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 IT Materjal

( [0052]  Stage II material of the invention is a Group 1 metal/silica gel composition
comprising the produci of mixing a liquid Group 1 metal with silica gel under exothermic
conditions sufficient to absorb the Yiquid Group 1 metal or quuici 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 sodiunysilica gel composition. Preliminary Pair Distribution.

Punction experiment on sodium Stage II material show the presence of nanocrystalline
sodium silicides (a compound of stoichiometry NaSi, eg. NaySis) in the silica gel

composition. There appears to be no sodium metal present,
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[0037] Stage O Material [0038] The Stage O material of the invention
apparently contains lownelting Goup 1 netals absorbed into the

pores of silica gel without reaction or netal redistribution into the
silica gel lattice. Thus, it can be viewed as nanoscal e al kali netal
or alkali netal alloy particles in the open pores and channels

absor bed @gssin tIhehescdwgeaofg&htmg' treb&WagEaiﬁurmISé@italabmit 40h@C i amvexnthiexmiic

|saGroup1rretaL/3|I|c c rising. the uct of
m xi ng a Ir?aﬁﬁ‘?lﬂ Peggits #d f eﬂ%?%ﬂma ﬁs a‘i“%F G%%ﬁ aﬁ%’tal\ Flb & coyerfpd to
as Na2K, Waigh 15 kdatezil Rk Mer&bﬁm hestmls igRsbritb®fo Ik Eilied @AtankiGhe air
absorb the I quid G oup metal or liquid Goup 1 netal alloy into

the sili cacngéivityef de repﬂ@mgemﬁ@aales aefyced. nﬁtgaPrsm?lH?g Sraye! onekals ¢g sedium
i nclude a b@g) 1111'1 r}%oel % Ii;l()lt%a{e s?l&t% ePat t&ﬁﬁér%eg%}ﬁc%%%dfoﬂﬁ%uon of

The St age ca gel osition reacts wt
whi ch di ffSMgerﬁltura&tm Imnatmaiﬁm Ridage, goiasmm aad dthet llllghmeémn%}mupslm@és then

Stage O ter S rea h dry air,. it s
vacuo, in %11??1% g ﬁ’r‘?ﬁgﬁg?gp SARdC fraya Iﬂg# ?t%le ﬁﬁ %eﬁ?aﬁlce such
at nospher gg s@di@rh sﬁﬁndtriﬁelie éHa&ﬂ;mgﬁ!&nmfnealabd)\ﬁte mhemmty\hnﬂ eedctieitySoBgtege0ll

material will _ign ontanpeously_in air, it _can be stored un

such condi®atgiss HWA“&*@BB%’@W %‘? }]éﬁ}mplgs,  siggil ?cﬁoetgﬂtt?ftﬁ%l%ﬁte a? formed by

[ 0039] To fh@ﬁtiﬁg%ﬁﬂ?m@hﬂﬁtaﬁ{ahﬂéals %c@a@bmin%n BPﬁ(ﬁéssiu&t ﬁltﬁ@ﬂiicﬂ\%élh sili Ca

gel in an 1 nert atnosphére under isothernmal conditions re erab]hgt I
age

room t enpdP@fidlir e A dgwsg@ﬁ, |SjaggbYvieaterids can bp rmadguﬁ@mcm@ﬁt Sta@e dep
the al kal i, fgtal ggﬁlleaﬁhlgqxerpqn% A3 QBRI S 8- Sie §{e|p o 0 48, ¥ EBthe

nust be dohe i n here such as w t
gl ove bag.highber mnljmgaﬂ@hmemisbfhaad T, eenwtdebaisbagmtﬂi at@tvents a’te;ltug pourqun the

G 1 net Na

at 1 oom ?eae%srécatq‘a‘rc@c%?ﬁe e icieR 8 BPn 68T BraliiprlpolG Wit g8Gsional

S ha]Ic<en b][ Qhﬁ@bﬁg elgﬁd fl Hﬁbﬂng@océﬂﬂﬁa kheﬁﬂatéhe@itou @ealer;irm&ai Etlénmeyer flask was
rerera apsor pe I NtO OI‘OUS SII1.C

BT o hetad e Tof hos cackih 157, 20007 Diand 3P0 S rollgual By of@hieht heating ot 400

[ 0040] Depeqdi A¥gkr 'é&f?{hefaﬁ?% ﬁrﬁﬁmlelﬂmt\@ds viksRslistyt $h8kehS PrRlchOimdb “Eli@ping”.

liquid Goup 1 netal to torm Stage materi al preferably occurs

wi t hi n 15@hsf prodent is earﬁ@sathlacé pg‘sdsr theth pewe qagibi edien pilie carsraratiny remains
little he V; I

wirm but TEERELFLE. (St g od BN 5 (OB e AL AT n Bl FRPAL Silce oo
bl ack powdagarousty, ‘&imlmbdm:h@nlmdﬂai:i ldopbk ﬂp@mﬂstbbmwly@rasl’sﬂu ny surface.

metal or AP ¢ oeoaeniek d-bpiie Slea s sy fesgbrinlfe Bl g are

time of mgskbwg ipBiRee. |B&gﬁl€l3€illd§;rata%®80 heceb&ir@m fig2éa 613 OraEad. arhe overail
ei ng prepared and_ may range f m se s to several urs.,
?Thl s mi xi @EFptasmie) heatd reactien ¢ OPﬁe %#@L]éﬂ]‘g - ofvotg ffat g ersto %emm heat

metal /siliganaels &mpaqetwgmapfwrﬁaﬁ dﬂp@é&@iﬁ inefailiall PRA B3 Myap 99'°©Pi§rabé%ﬁt in

Stage 0 materi aI any heat” generate he reaction or "put into the
reaction sth@)Iﬁpdat HJ?@GQ: A0X ag are @lwoﬂieggmmal@d This shoyhibet Napacted with silica gel
t enperaturge h fufl
preferred =n3% m? 1%[%%;} tJEﬁﬁﬂljirrg% g’??’a eoll(i%ssif TS gﬁ%ég%é%r&%%f sb with
tenperatu rsihc(a@l?}reledsmahong 9®n1tn‘, lof dbavper titvlsof mdpmn afThe engjidme emdotherm of Na

| eads to the formati.on af, erial. The tenperature . b

Cont 1ol | ectRigh Bispabilt g Ieial Gk 1t 28 aEn 1Pt B SRR AP ine Tt the
tray), stighéhingad Racel ldiantaekilic rgeby TR Olehdien t fBdHCBR BhVE Aol BEGEositively
The reaction tenperatufe-shoul d, -Rowever - be pmat nt ai ned:such that: the -

Goup 1 refentifienit A pligSEralbrbisn s sodiu siisiderieb praal sgmppition Nisihin
gel. 1t shguhg gl mQé%erngsr&d of mﬁt:@%a %eaa%ﬁﬁ'o%hc&ﬁm'f@eﬁ%oﬁ%vs%%m

to Stage | material over at room t enperat ure t hou
further cosilimies Dbraytmwﬁmmtem imditade that thelprodudi dt stidlmumphéushout

m
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water. A DSC of the Stage O material shows the presence of the alkali
metal inits neutral state within the silica gel. Wile the exact
conposition of the Stage O material is not currently |Icnown, the
melting point of the Stage O material is |ower than the nelting point
of the nmost conmmon Goup 1 alloys, such as NaK, thus indicating that
smal | par {0056ES Ofhe!Skze @ dlferidl i8lah @idrphioes, Whdttd Bla&lhpowresrhefStetgbel Group

S|I|ca gel . [0043] Flgure 4 jllustrates the absorption of gﬁﬂ
into sili één‘ﬁ@fSﬂH’@‘&e enmrosiicarsediced depsmet st Widbdw © %?f‘??w a&’E:kStage I
Stage 0 PGYRSEH| i ﬁ&‘&&léd‘m':élﬁz%ﬁménts tcbﬁaﬁﬂr@s&?%howe i1 Sbsk f%lacg Nl laz@%f

silica gel coated wth Na2K all oy i mredi at el ter mxing. Th
shown in @§Bgedomatarislisie pasily hardle meongnambmmremioame@fmérdom@mge WIth

t he sanpl |n f |

nomgeneo e gt ihe elfspte s THAIAR; gk Asn 3 QBB B ERNY gt
are the nSgaige 1Tk agtdriak isnhwlieass raftitehef (Beobppup Inmkeal/édikcd gdaccmqjosmons of the
conposi tions ofteinvello the aqdition of a lawnelting., .
kel etere PRttt S feapPoptevi el Yo Bt quattiatve
Wi t hout ShgRikis 6 re i8@bg@VgkUtion, the Stage O material retains m)st
of the reducing ability of the al kaI| netal . Because of their

reacti vi t Y0858har digure 6aﬁh@wmesmﬁﬂéoq pky baHpsn Wigh Ruhegeacelior taﬁdlé&ﬂ’@teér‘i‘éia
not al | owg a n d .
Toi st ur o RS EoS e, T AR L LA AIRHCHE M (ARG Tho Sage 1

utility i nompgphﬂqn mermgnnﬁwdﬂm&gmaphby wpight. cAs isehewn hiemage (A} ptigr to

of packed tal/silic Qsition th
hvbnt  on SRR o welsna Rt o MBS a ) Rk B8ler SRR Tole20 T ol lfe
par ent WE}b@lﬂ(SmOﬁN@h‘lng)t&} aftdri ?dltaﬁl GHL $@a1E8.S effhebfdd@wd sémsarrgéls;amhewaﬁératgestﬁl
0O material t sed to produce rogen fr nd as

reduci ng ag‘élﬁtng@éﬁei PR v Rh e epofer bty }@aﬂvc £ e i@t
in a manngxd 959, | @histLatéatis BfcohhBient rp%nahls@bmaef albsn hj0¢Rl oadRmhand,
Material [0046] The Stage | material of the invention is a Goup 1

net al / si | Me& tb@pnlwm@e@ﬁ RIPipthoing hydkogsn eREWRICHWPET: of ni xing a

liquid G I

sufficient to absofﬁ{?u%m? ?’5{5‘? &r&‘gill}r%%ﬁl%g a %E%f)aﬁ?%lﬁ g?%lb%‘l 8%2 e Ofthé
pores. Thén8ntgs the Bagafl matedaldias sndnyomeyil rem@clmsw, o duasvd rebeig
not react w th dr ageg er t ear the

al kali mef& ntt an% édli?g gogdﬁattl:%%ver Fggf a{e% ((L’) mget%g d? ﬁﬁo@gﬁéx chﬁmg up
properti emc@sfmfehmorbuhck aﬁ‘ﬁb&i do&un:ch aaschniet aﬂiﬂgcanThe ehsilgnemaideredi mmrﬂmary

whi ch t he tlvere r|al s ers d appears ar

o 05 bay BT e G OGOt SR95 K HRTRRLLO MR 6 AEa 8BS P et it
exhi bit pregaoyieent ﬂmﬁwﬁiyl rhmowa%mquaﬁah@ £ beduBifg HWeL GH dlitallithetals.
whi ch sug%gsts that the al kali metal (s) have ionized to form al kal i

cations, WPt pramde, Stage {t watsriplaas saduge prhppenede riihcférmthmmm thsy presgmce of
the void

749- 760 f%ﬂﬁg&) |S§)§§§sﬁ%ﬂnh}|§;}g ac|u§{1 és%orvfeﬁﬁﬂongﬁ unc | on %59?1% ﬁuse of its
St age | nedsensitatityofo arhldentnaig rittagenlinmgiea if or preftrioy redgenntpr tthe piddgeticd of
Goup 1

hydrogen by reaction with water.

[0059]  Stage Il 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 sﬂlca gel under exothermic
conditions sufficient to absorb the liquid Group 1 metal into the s111ca gel pores and heatmg
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
0s.
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nmetal, at or just above its nelting point with silica gel under an

i nert atnosphere to allow the Goup 1 netal to be absorbed into the
pores of the silica gel. The Goup 1 netal nay also be mxed with the
silica gel using one of the alternative methods di scussed above, such
as adding the Goup 1 netal as a vapor. The mixture is then

mai nt ai Nngo0GL]. or ASvire htd YeAkRRYE SR ERGn AOL 10 A up. 1
netal (i.e., .approxinmate y&{??OC to 1%8%5} andpag?l%lalt/ég%caf%?c%ﬁ%%%oﬁm of the
several MRS 1o preperpaiiade IHonatsrialGha &iralyt | e isknixgd whihghe silicegd uhok
t enper at Y, 656 ORN¥ h eriak_in_shorter 1i . The reagtion to
form Stage | e_mat e?sﬁjgfgse ‘?‘s{}%t“‘é‘r ykll aeﬁ%{leﬁr Firﬁl%t%m‘gﬁtﬁ? TRfiLe |15, 58 hegigfldo
t he proceépgrowmatay 12353 ef dpefa), y(fatonmey Syagaddimgetidlp ahi Gtbiel sRER| heBied to

alloy to L i met al n that would renove heat” as it
is pr odug%é}sx’%%df e 6@8‘?%85%“{’%2# %?%-ar%satﬁ%éqnﬂpmral is inageased; above
gel | att 4OEC, Enhapxbiiefiiictat Uhe &tibd) SpdeBdab iroh & BAGH ML 8fica gel
St age | materlgl fromStage O nmaterial. I—%atln above the exotherm

can conv &g thafcoptaipgacsiicon rich siicigre The $rgeHhyeterinl is matagrorztons, matted
d di . ‘ ' e} 1 t
ependi nglayR oW ehat BHRSToRtHESyitt &g%%gﬁl“%g géa%r%ﬁg ('5%5 LGl PidRce I @?}lﬁ

are added to cal ci ned and out gasse
as an Er PEriifeljes the asktherhie safaeent tet sractiec omekl walicnd @eauss Bge-scale

exot her m i e al-kali metal and the silica gel or

‘ts def ebt? %ﬁ?ﬁ’;ss %ﬂfl?%%gﬁa Ereoé'%? n %‘Ha_lieﬁ YRPRhIT SFeHto RIRYH @s Tenaway

St ages Otherialireactitie i aiitienf heatioy castlesicrageli ﬁit@gtﬁp%ﬁ@ti'fﬁﬁmﬁé is?begﬁcﬂem_
rnj ght under an iner

materi al g1 0 t Stage. 0 .sappl es. ove er

at nos phe?léﬁszta : t 8?@2‘?%@8?%@% bylggse@i“ the pifescloged systpises dikely eenuired
wor k al séor ldrgd scaRipeodikebigl be taken to avoid overheating, which can
lead to LP%E forpation of Stage Il. To insure a honogeneous product,
provisio Roul dhpStaggddl pafetialgmen hryhmaoy vsey inreadtizatchergispry,onses Soping

[ 0049] Thﬁ;aﬁﬁa]gﬁndfoffﬁg&cﬁgéﬁlpr&ﬁmﬁgn anor phous,. shiny bl ack powder that
does not inmediately react wth dry air, but reacts exothermically

wi th wat B063]a D3 discushiud Sbagre thensiarimis abtagaowd the tGloRpON BRIAGHAMD gbi
met al reggi iy L& Al L)1 el . The difference between Stages
" and 02l bE B oielBot el iR rineC e iheap REieecianreven sgeroRPY
I:I r ans:‘]I er ¢xadipien addidg \ra/l\ﬁ}:i/ ﬂ;dbmatﬁ;t of yoddrh ahﬂ@b@ﬁﬁmﬁqligﬁgpg) Eiike ggr%t 95 oC
egr adi n t. under. an. at nrosphere_ o ry oxygen for ‘
hour s t(r)]Ig gfé%??q@'%@a lowfgrffeﬁﬁﬂf"?lﬂg E’Eﬁ{(ﬁggftiert & pgeg@ ntnterigl.edh Hiis case,
whi ch r embseuetiihedtingriy aQ2sed esvilGhanwas ABG e&lg&?gnﬁap&e AR AR
of hydrogen gas upon I‘(FaCtIOI’l with liquid water as do fres san'Bie .
[ 0050] St"’gg““és I e‘ﬁ’ﬁ?’@rﬁ’% Chastegahl mpdssiel. | Furtherchealing ahevd 900%C emisanfurther

a{ct ive r@ﬁhﬂi@h NGda@6dices 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 fo about 50% of the added metal. The total value of AH

for the exothermic processes corresponds to between -100 and -125 kilojoules per mole -of
metal.

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

traces of a 1:1 Na;K/silica gel sample (5.7 mg), wherein the top trace (210) is for a fresh
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and is a better reducing agent than the Stage Il material described
below. It is probably the reagent of choice for both bul k and

chromat ographi ¢ reductions. [0051] Stage Il Material [0052]Stage I
material 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 ) I Lol 116 | iyl

et al of Y e sl sh® s (o FloETda) b PRARN bl A cbMl I g
heati ng t A&e mesu(2B0hiy am eulaugemend ohithe domp eerapanztereatgibe bikefiratioace sSRAGAg a

to about 400C  Far.exal.nple, nelting. sodi dn.a mxture of _sodi um ;
and silicRG8E e&ﬁathﬁ%haﬁﬁor{eﬁpogd%%oo%%g?@g i@ﬁ’ 05?’%6%6%“8@ r g {Vetue of
causes COp i ¢hd ex@theshbrdesseo Gortsdpodtlstih BetSictd G8 agel 1000 R o bet SIS
a Stage Il sodiunisilica ge] conmposition. Prelimnary Pair : .

Di stri but f$El Stageds Proshcedas F DRgFPOog iemperiurn thayb signiligentdeptaroduchon.
the preserggeof (AR ASntabasty SR i1ki.Gipgles e Nt

st oi chi orretga%_eNaSi . gﬁdg’g Naéfg: ]glt?ni n t%}g;ao:% IBi ?gggd &%o%%rpoa ti glﬁﬁ)ﬁnl'ail]grrogum
appear s t eblomed by bostingrat tret0Al— @¥¥06ent . [ 0053]In the course of

heating t we y : N her m.c_reaction
begi ns angOOtQﬁL S?gesgﬁ)c% &@éﬁ%ﬁh?@?ﬁ%{lﬂ@g%/%%@; can then .
be conver {@$6] o Sulf derohp Imatenl/siliba gal kompoditiens Gfothp ihventival rehd@ with water

i ncorporated,into.the silic el and the air sensitivyi of, th _
Fesul {1 ng SRAEPRPISSIS st adkorm Rersseitit Rty el bpsison e giroup 1
sodi um aneheR! A%SE,Wlvarity@iotdy, the dompa¥itimBlorttheinstitionde@Bl thetreactivity of the
tenperatures which lead to formation _of Stage O or Stage | materials.

Sodi um p&TAEs] Hiptdn Ftageematriytandr tepdedbaelly m drel) Buttihegct slowly with
Stage || I8 $anidlP i i NERAR r i t .
silica gelgﬁ g?thti c‘q,plsgcﬁﬁgg&tétg%i um s_??%sg’iédtée)ge?%)’zt Ee é@aﬁrr% grdr@nl?%ﬁ%t?\l@ o
aboye. Theaelsoaipobitioys axp dotnplgielyi wireaptivd toSaudgelry oxygen.eri al , produced by

heat i S I i i m t f mat eri al f or.ned
neat i ng iGRCH R et SeBt T rdbad 21 ol IaskafuBl 60 BreeRiiiet te
si li ca gekvehdfibdieAslativaly UissedousSiraigeot| tiokentlye réaative, tiay de hawde sfromgrbase

ei ther Stage or, .Sta , ri,al s, by heating them.in i nert .

at nospher B%é?rg\ﬂ"é fwsgﬁ@bﬁr@%‘%ﬂ@%’ﬁs .Oqlrg?ctioﬁ@“ i e ‘ﬂﬁ?"c {}]‘ﬁé‘leéarl geptpnt
nmet al s Naistigh gﬁboﬁth’ﬁ_%&ﬁ'@ﬁox@ﬁﬂleb@cfl@@f)@ﬁuﬁmﬂﬁﬁtéﬁs BBhbleRE, MUK, phdbably

the presence of calcined, outgassed silica gel and then slowy heated

to 400 C @ the batie metad silicate nNrTtRgzation vaith 36id prgpinitdes Sli@- pr ocedure, the
materi al segt@ r y ; : NERCH

cach a 15058Lo0 B SRLE B g bRRTRY Rl RS e AR of Bk et S be
C. After ussshastieredneine peant suictingewith agiimbgs of tegueible sirganghmkisrials on the same
prevent u el I NG a1 hS .a r .

our s casr i RGF Bt IR LLAMEL ohius® fob SRSl T8 PRI Infellion g
i s too rapomipasitidos emap|beemseddd akdice aromatic xesipovnidh tb Hkeisirhdicd @fdns as is

vigorously, Lhe £raguct 580 SOB! Aot MIPSLAAl, TSt PSRN et —

ammonia seolutions. 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 reﬁuction have been discussed in several reviews. See, G. W. Watt, Chem. Rev.,
46, 317 (1950); A. J. Birch, Quart .Rev. (London), 4, 69 (1950); A. I. 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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[ 0055] The Differential Scanning Calorinmetry (DSC) traces of pure Na
plus SG are shown in Figure 5. Figure 5 illustrates DSC traces for

2.4 ng Na + 3.9 ng SG The overall (exotherm c) heat of reaction is
about - 90 10 kJ/nole Na. Note that the endotherm c heat of nelting

of Na (113 J/g Na), which appears in the initial trace (510) at 98 C

i s absent ([gacdihe r 1 : .
Thi o shousl il - NETACE, UgRGPpEthe o8 & e sl ALARh e e RERRA organi
probabl y teoniporndst $veh sis| BB denighb® carfibé oft agrier [dontralbedt ¢omditions. s e Whirtz

with silica gel .rel eases. abayt 90 I d of.. h er | e of sqdiu The
Tel Ui ng erdBTRBAR S CREIAR CAIo SRS, AT e T EaE (PP Aenot g qganic
i's absent haideh@DUERESIANEle tisodishOW Ng that the netal has reacted
with the silica gel. The reaction _products have not been positively

identified, but Na plus SG proldbKy 3t msRs®di2Me%i | i ci de (of overall
conpositi N : : t S ich dsGAL.

used, wt ﬁ%g yﬁ%ﬂ?’aﬁ{"b ?%%ﬁ‘ﬁﬁhgsh q%)]?% 02(?? u(??%% Tﬁg{ﬁt éeftl E3)6(§ r(g/s%g'b\?\gé} Wardell,
patterns i@eigdgandreatal hbemprlodddio8ly; Wt Fl Lindsably pid i93; B DOBSETH, ibid. 7,

Stage 11 erial o r us, t o] r ~.The, St A
Group 1 ne aﬁ?'s% ‘.3%:”311 g’ag%"ﬁlgg@i’gt %ﬁr@gh@ég‘ig% Smﬁ% Cragct r%ﬁ%ﬁ%ﬂl&?)gel
02 or wi t heatiiposigibnis ofShag@edtionroah 8¢ tealiily subettaicd Yoihthe 8dddshn ima Wurtz reaction or
environnments contgining dry air. The | oose bl ack powders of Stage |1
mat eri al artBerceh Aehalortnelith foRoinn. oCRBPOSHIRS AT tepYSRAYe aihei D et to
change W tdehhloBEhatRidrdeaiet hdlﬂeé.h@xﬁﬁhgﬁeﬂlc Shts b ONuis Radklioh usSiHER @Rup 1
in a closed container. In fact, the Stage Il material is the |east
reactive onehulicagslprmpasition of §ieipveatige] conpositions of the

i nvention. ve LSy HBIRQ bk j gﬁ_&g j 1

yield al rm[sot uanP]id%1 gat?? e armt}%\%lgoﬁgf élsJp(thJerSt(Eel y ?%‘%gﬁb%}é’g“.““? 3‘3@%&?&%&% out
6 shows t heith nfitoapi brmetal/silitsa gkl somppditiorsy df dgre nneentien. addi sy sxemple, the
to a sanpl e_of St L1 sodiunl silica gel. co si t.i an .of the

nvent on. oesBpi 8Fe vsARGLIEY Bk u4sn 35 imBRRA Py Uy Bpmonte o o
wei ght . Asphieaylssuifide to produngbiphéyy]l. fhe hproveridng catigiises @mryihg vat e folloméng
bal |l oon contains a dry powder under vacuum |mage (B) shows the

bal | oon twW&?H%ut es after addition of water. The reduced silica gel
plus water is still bubbling at this stage. One gram of the powder
produces about 170 cnB of H2 at p = 1 atmand 25C. This material is a

conveni ent, por e S0 a of clean hydrogen /Upo pad, with the
only gaseous pryduf sssb hy’d?@@eﬁ}ﬂanﬁ—wg‘reo\ .

it is the least reactive of the Goup 1 netal/ conposi tions
of the invention, the Stage Il material has many uses in reactive

chem stry, as a gassi ve reduci ng agent, and for hydrogen production.
Stage H raWBer M-S6dn2 Gegrmbmetl/slipy e gorppesiagtths Bydictr e from the
air, but d not ' a : ' ' ‘ :
or i nary | DR3Fat orse S e RERTL i ARIRE oBPEonppghloRS BE T BRckibn, ooy, alali
as strong mstal feactimb euchsasdlyess degvuibed ebavayo becarsied out undemsafey conditions due to

reducti OnS@%ggggﬁgwﬁépggi%u(%#%ﬁ%pgng q e¥ threec%ﬁ%_i: %%di%gn ali%etgllé lllloy. Use of

metal s. Fo erial can reauce racene to

di hydr oant {heaegpésifidhstalie genasibn g@eohigher picdfiothas ierc@eesgouding heaction with just
reduction i s slower than with Stage | materials. Because of its
insensitivﬂ’@ﬁ?‘ﬁ’h%f nt air, Stage Il material is a preferred

reagent fofoptie p ¢ BRBe Qim RGN AYBIH aPY StRBN fidalpe osition) is ve
[0059] St ags 7h DEedet g[ 0060] St %e pPY SR MR dukel Bbosition) is very
i s a G oupeasy rie pEpAs; anﬁdatagvélm@fllw@

likely to find use as a powerful and convenient reducing agent. Small glass columns filled

¢ redgping ability of the parent Group 1 metal, it is

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. Altematively, batch

reactions can be carried out simply by stirring THF solutions of the organic compounds with
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conprising the product of mxing a liquid Goup 1 netal with silica
gel under exotherm c conditions sufficient to absorb the liquid G oup
1 metal into the silica gel pores and heating the resulting m xture

to a tenperature of above about 400C, and preferably above about

500C. The Stage Il Goup 1 netal/silica gel conposition produced

does not rgagf s H&téiifa}’ Rér exaF]QDQ 8Lk -i€\$h oM Be18WA SoeRE GMAGHe @ylsqfedﬁéas to the
other Goup 1 netal/silica nposi tions of the I nvent

prepar e Stragjesl lapjon fietal)i h¢nzy1' hldoxiileo(ﬁb uhdergoes| Wingz mé¢duetiomid foriHabenzyl (3),
silica gel [ rt ) r u | n r ef rred

et hod, c ot RitEPe Ao (BT RRRPEL G B RRM Miot B By Gmintore of
(form ng Stadyetslthat are fovel aflthe stading hesteril, odthyr i&eatoed mcmcﬁrmer Vriktreédakyon of

400C - 600C r several. hours. era ure i ncr eased _above
400C, a sﬁéﬁh&r%?%ﬂ’&n Sens rige ei*ﬂ%ct?ﬂaeqn Ly @ni? oth? o iEeh Redyofign j of

metal - Slahﬂ@a%embcm{ﬁghéﬁihrééaﬁé contains a si I icon rich suicide. The
Stage Il material is an anorphous, matted bl ack powder that does not
react with dry air. If the reaction is to be carried to Stages |l or
11 by heating, the exotherm ¢ nature of the reaction would indicate
that any |arge-scdl e reparatlons would need a provision for Isat
removal in o @ ent.r&%f%y Il_{ea N *.
addi tion, hea 3 el ea I é{%& 2] e

efficient. Thus, 33 woul d be apEreC| ated by those Skl ed in the art,

ay cl osed systemis likely requifed for |arge Scal e producti ons4

[ 0062] The Stage |1l material may have many uses in reactive

chem stry, as a doping material, and for hydrogen production.

[ 0063] As qﬁmysseﬂia@)ﬁ\sedxuthMagdl @umpsdime% abted BBOVE( Q;uﬁsﬁr to h&udle in air

rretal/5|llca ions of t invenfion my be epar ed
sequence flgn %ﬁ?ﬁ EE’H 'Si \pgodgffécgveoﬁyyg{:ogg& erﬂa%tmna‘ﬁ‘@? @teé Slq“intl%tfvé and it
ratio of. sodisyRpRNG i AR bf el Shharli® rédubtiid @6dritRE AovErdrans ls&a‘ge 1

in the formation_of a free-flow ng bl ack powder a Stage. 0 material .

In this camrerisbuBeregample, ean redycq brnaonbreaed e shesadigel anirn and it can convert
over ni ght b%ﬁz:jé @J?’ioﬁ&!é §2?%6 bﬂ:ﬁﬁé{l Ibr? e‘?&ﬁ%ﬁe‘? rého 1811%%%5%9#“{' AN TPRONERLLs are

Stage H mate her ove 400C causes her reaction
and produgessitge agelikely. i?bst mduetion O'fm@ @M@t@m cethp@uds dispgsed above indicate

Cal S F h h

Sxorher ot SR Qe OF SRRl el Eblcfighs ABAGededi! pdo Sodupg, sromatio
steps. | ][1 ching ourels ZItoK/ the ﬁlfcfnfﬂ radivns alr Godons| bepalCahioh sk ynﬁ]c?,stﬁi?)d Sdlﬂ;ylﬁtely
t SI .1 C er.el

(1301 S eBpteptaer et e AaoBise r Hin et AL pieDy Bt iR Lerbia Bt v aeeCBi by

(120) is aetiRnr@ation dhd 8ide ButC&Hahlﬁ&&aﬁ&?reﬁ&mkeThE?&vbffﬁl%dﬁol@@%rob&h@srbf
gnl argenment of the |ow tenperature region of irst trace show ng

ahrrel ti n? te Gerumenmetal filicagel exppefitions glsg psimit Suosse fof chwmadeaaphiretoly
7
oot ueon . PABLLS L by bl PR e AR R AR B s s

shows si mirbdrcedehdeiloor aﬂkﬁh mei@r—mmomarm]mabdsm i ca gel conposition

E))rsecpgir ggr ﬁh@@g‘&gﬁﬁaﬁ‘% e forqalllfafloug%ages 0% re%iuced sahc% gel composrcglrjlg &t %e 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
A 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 introduced and the mixing with the water would liberate
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traces of a 1:1 Na3K/silica gel sanple (5.7 ng), wherein the top
trace (210) is for a fresh roomtenperature sanple and the bottom
trace (220) is a repeat run after cooling the sanple. The inset (230)
is an enlargenment of the |ow tenperature region of the first trace
showi ng a nelting endot hermthat corresponds to only about 10% of the

cor  espondUieEHE St an Bt bedhafigh thy (apGKOR HelouBhal ©TRE Jompressed
Stage O i shyﬂmgduweuldém used toefll mobﬂﬂfaehcﬁb]er dhe sperhpodant atshigsiage Gaty just

heat produ tio I r.s_spont a ousl eat |

200 ¢ andiise gaeerdspctved ot bithest TR SES SRy ehcien g sl opused
400 - 600 f&: oth® E@acti on Chem stry of the Group 1 Metal/Silica Gel
Conp03|t|ons [ 6]All Goup 1 netal/silica g npositions of the

i nventi on [P&HEt m%hwdw ﬁéﬁhﬁi@&mynﬂ@}afﬁ? Bu@eélswals@@@ﬁehtﬁclean up
essenti al |G’roﬁ¢/‘@%btﬁla§ﬂlﬂ§ adld @ﬁlﬁlap‘i‘éx‘gﬂnﬁ ﬁ-ofnh@e@' BbHRation8E Ui er}igblﬁment takes
advant ageous the conpositions of the invention retain th
reactivit ydeintaghef @ecﬁbpomtmen@:bxe Etibaeli® gradsrisaed duane beﬂhaxﬂdiamﬂlon of the
LY ! M s8R AN RS ARE e
met al / si | |\7®1&1 gﬁimmmmbm tHeogisveabex, @mmdl@,&ﬁhyoﬂmb&aﬁﬁmmﬁ ildeddsntsl e box
oxygen. 67] thouhthe St age | [ 1] ou metal /silijca
gel corrposf?otofo WP P e oot e cleat W ‘F}\?é*P&}lG'ﬂ’Hh ¢ G Ra A Jentt
1 ol ently gngaiedmoied flohehedRiIBAVEIR SbveOits, DRSASs PiRSRBIde@ sl trl QhdBbsorb the
al kal'i metal hydroxides upon reaction with water. Wen the metal

content | seripghsigpdice e hopiae taspke )t tipde ﬁw@blteﬁna&c@daﬁem e thex i safe
i s conpl e;p‘fz% f&cﬁlé#%geﬁ be é)%ﬁmo}i 1R28ir! ffiish tﬂéqgsgggflhéd ttc?clean up metal. 1 or

Neutralizdtion w acu precipitates si Each st age
G oup 1 netlxr il iiwparyedlarnoabioe intetabnsugh as ﬁbah m‘eh?t where rliwnttel \u@@dxcas:l or

a reduci n%ﬁ%ﬁ%’éﬂéﬁ%g% }‘091% avﬁqtukd a\Nﬂgﬁeeaim Q}mg & metals must be

materi al s sane nanner* Known eir
al | oys. Fareafﬁcxarmh@zdstm f&r clespug tovdcad, / Si I | ca gel corrp05| t| ons may be

used to r mat i ¢, conpoun eir radical anions as i.s. .
Common i n 04T o Campastiiogs Bime, Sarlh Fle. -2 oiraBioyPURS IS iy foliyer getive
al kal i WEtsﬁbstanc@Jn’é%mt@ vapbiidd SEanoBs B H@md%@éiuﬁdm]]ﬁlialtioﬁs,aarg%MEd in U.S.
met hod of reduction of aromatic conpounds by alkali petals in |iquid

amoni a. Tatent peplicstion J0/24%4 65 e uttemi e %@{Y@@‘t &f GhctivgeSystappes”, which is
reduction 19&» r?c@@ﬂer?l gﬁéﬂ')ﬁﬁe?éillcé NDa& ﬁﬂ‘ st%ﬁiﬁl:ﬁfﬁ@ Stags &1 (ILon dﬁy go\ﬁﬂjogsmgns of

Chem Rev. 317 Birc
(1950); Athg mvBat:cmhamln@mii)athle @M; sm:h f@m mgi‘@brentf(, Igm(ﬁ?@)ancqsz Inlyet another

(1958) and .C.D Cutsche a t
% ooy ( 19Bapanrh 8 AfsRiSh Hoo ek 1€k sy Yniilo R ERel prop®t v
i nvention sflaa éw cbﬁpﬁkﬂxm%&&mmmdnf OFort dxample(] Iﬂwrﬂmaloﬁzdrcéhmposmon may

rng»([j ;f} ISIO:’IISC(% a@bar 0{.}@%{198 t Qaﬁcl?elp]r;]ép 3 ng ! h]??g. glélfofn tge 1nvent10n 1& 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 ) _ _
[0078) Example 1: An exemplary silica gel, Davisil 30 to 50 mesh, was obtained from
Grace-Davison as a free-flowing powder that is listed as 99+ percent SiO,. However, it
contains large amounts of gaseous material, probably water and air. In order to remove the

gaseous material the silica gel was heated under vacuum in an evacuable Erlenmeyer flask,
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[0069] Sim larly, violent reductions such as the Wirtz reduction of

hal ogenat ed organi ¢ conpounds such as PCB's might be carried out

under controlled conditions. The Wirtz reaction is the coupling of

two organic radicals (R) by treating two noles of the organic halides

(RX) with two noles of sodium 2RX+2Na->R-R+ 2NaX See A. Wirtz, Ann.
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desul furi zation of petroleum m_ght be carried out wt

met al / si | PR&dgjag Wm@twm@e@fswal@ Fud\peleqtia hysi@g@mwethmp@ﬁe@ Reeppler
conposi ti gﬂﬂg Offh% %ub&ﬁ@%hﬁ@ d@ﬁﬂe&% ﬂwggiét[}) Bﬂ cﬁ%ﬂl&‘ﬁﬁﬂe‘t%ér@ﬂgy Bled that

renovi ng romp sulfide to pr
i npr ovenemoukiGrpdicsdbe same a}mmglt ofihydrbgent A fnsawasn@nrfsd(bm coHecting thehlgrdeogen

0071) Us cPEF St et B i SPRE Rl o et T hvcrogen

[ nvent I onwak Ic@l\htoﬁdd]@lal calibrated pipette using a modified Toeppler pump (mercury filled). The

amount of hydrogen produced was generally equivalent to the amount that would have been
produced by the metal(s) alone. Such analyses were run on every sample of reduced silica,
regardless of the stage of the material. For example, if a 40 wi% sample of NaK in Stage I
silica gel produced the same amount of hydrogen as would be produced by that amount of
Nak alone, the reducing power would be 40%. The total amount of alkali metal hydroxide
formed was then determined by the addition of HCl and back-titration with sodium
hydroxide. The difference between the total alkali metal percentage as obtained -from the
titration and the reducing power is presumably a measure of the concentration of SiOH
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 9.7 g of Na;K from a Pasteur pipette to
create Stage O material. The NapK 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 NasK 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 slighily higher

than expected based on metal added. The weighed mass could be off or we could have

19



metal reactions such as those described above to be carried out under
safer conditions due to the safer handling of the conpositions over
the corresponding alkali nmetal or alloy. Use of the conpositions also
generally gives higher yields than the corresponding reaction with
just the Goup 1 netal. [0072] Because Stage | material (such as a
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tmg to a pressure of 3.5x107 torr, The combination of silica gel and Na was heated first
to 150 °C for 1 hr, then shaken vigorously, then heated to 200 °C for 1.5 hrs. The material
was shaken vigorously approximately every 30 minutes. Lastly, the material was heated to
300 °C overnight. The powder looked loose and free flowing. The temperature was then
raised to 400 °C and the material was heated 3 more hours.

[0083) Example 6: In preparation for NaK. inclusion into silica gel, 3.00 g of 600 °C
calcined silica gel was placed in an Etlenmeyer 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 mmo] each
of Na and K and 50 mmol of Si0,. Therefore, a 2:1 mole ratio of metal to Si was used in the
sample, At room temperature, the silica gel began to furn 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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is in the fuel storage potential and the formati on of hydrogen gas

needed for nobile fuel cells. For exanple, |arge stocks of the

reduced silica gel powder m ght be kept on conveyor trays within a

hol di ng t ank. Addi tion to water would liberate pure hydrogen gas plus

wat er vapor. stages pr oduce near quantitative amounts. of the
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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 temperat{zre 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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gaseous material the silica gel was heated under vacuumin an
evacuabl e Erl enneyer flask, first with a hot air dryer and then with
a torch. The estimted tenperature reached approximtely 300 C. As

di scussed above, silica gel can be out-gassed nore easily (with
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T =296.6 Kand Patin = 738.9 Tort. After evolution, there was 176.5
i mol 112 corresponding to 353 im of netal. This 112 evol ution
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are able to reduce anthracene to the radical anion by Birch
reduction. The reduction was observed by the formation of an intense
bl ue color of the solution and verified by obtaining the optical
absorption spectrum of the product (See Figure 8). Figure 8 shows an
optical spectrum of an ant hracene radi cal anion obtained by the
reduction of anthracene wth the Stage ter| al he i nvention,
MSG This is CBIL;Q‘»ly 4 EM—~SGma—ﬁs>tOM4CI-§ um- eMeihss
anion. This radieal anion is stable enough to persi in solution for
many hours. This reaction can be performed using several reaction

setups, such as a batch reaction, a |ayered (alkali netal-silica gel
| ayered dﬂﬂ&ltbp oFxagpiere2Ci %uiﬁmeilmmt@al frong thydreazrbgn splfides car prment angdty

a m xed far th.co r

21T e SR STED Bl b E oBloakil! SR il GE] lflie bar
et er i gl S‘eacﬁtélt be pﬁédw sﬁlﬁlﬂemlem Stoge I mzlfklﬁw géle(d A0 DR tH Wagihyiclded wniy
cou e W t the a | ta Sl Cca

and prot& @Ytaﬁéwﬂla# ﬁ%%@ﬁf% @ﬁﬁ&ﬁvﬁﬁeﬂbﬁg’é’ ‘gﬁéﬁﬁ 3%3‘@%%
The prodygturts) Ba A9y ptidsoanl IT@GERE t@sream%ftaa%aﬂ;eﬁ Jﬁﬁ&btd&ﬂctrfﬁ’)én
be illustrated as i s shown bel ow. igure 9 shows a 11-1

0088] F
spect r umosernighé befely raetiorod! phepylrsuHidrawithe 2ol maieript QE%@YWHWFFWG
t
passage g%o%,gats %e@%@ge&e@c%bﬁw fdﬁ'gho%sﬁé'@agcsa%g&?dm of 8¢ g:%aua €lnd

conposi ti ntion nt using St

mat er i al Fmgwe QW@MWQ e Hlé&Rn’éﬂhe protot t TiedVRhe Figiral l(éianmmnly thegVMR
was | ess th V\? m réut rliarwse erlegegt% I%ﬁ] ﬁ? %ed &hn gu%mn_
% yi el d. 3’710 l}gy 0|C|en01§’/r of" % e e educt Fon“for a

react ant chtmaéfofnea@ed ¥s imnrm @nreaphmal slfil® feaciiite The B/E}camims ibs quhlified
bul k reaction ct that had been_proto d with but shoywed.
primari | eeﬂvﬁvgéﬁ% oyeRAR g repioipho E&ﬂﬁ At AR -3 PP %&hlfdvrs ctis

not ed t hahosfi9 |MPE@11 ST OSTREIRAY, 2R Wrdsh c(§h AORIY tentBVe@lfrdth diB&Lz6@tpalne, a
Stage | materia i el ded Iess product, i nd| cating that reduction is

sl ower wipE¢resshibat 15é§§1qu@§]€t¢f%u¥é@bﬁ@éc%”b¢ﬂ deuigarzatio e AGaina(¢-MS showed
Fi f
(- 95020 B4 WA b Ba Mo HBEn (0 ARAL SRl B, HERen P RIAR prodcts.

of alkali metals with organic corrpounds is the Wirtz reaction in
whi ch de- hal ogenal 3 chI orocar bon resul in coupl ing to forma

new car bon- car bQ 5 a@ﬁ ~th a pu ]I@is ng t he
neat chl orocar bd the reac |on can \\ a ou V- exprosi ve.

As is shown below, this coupling reaction was carrled out with -130
ng of benzyl chloride dissolved in 10 ml of THF by reduction with

-1.3 g ofpp 3¢ Exa%l%ﬁﬁﬁm GApdFfaht ﬁﬁ{a‘? bédtiod fo%%él&e\/&f%é\@?d%l1 ekl

reduct i on 0% urred upon rapid passage through the
col um. mbm«epomﬁ@s tofi e BwpRioneaR whetber metallic tQrdup A metelsrapt pressnt 10O8YH

| d V\:h S
L 50740 PRRE Bhoa bR foslich b0 ReR B, B SHARK o i 31ifa (AL LA ien el was
speed of lﬁqzlammd SﬂlSS tﬂiehsmgh tmclsltlo\lé@g;oéﬂm emﬂ]gngc wis pmﬁmtarb}y evaporatlng
conversion to S|re reducti qn occurred. a
our o of BT FGA TR A0 G0 e G BT PiEa L R SOR Sk Mg by
product dek&arsed ff@&nmts&lﬁag@oﬁﬁ@ IDSCNVE /st HsHBBE Mpor( REI8n k(%\.{n@&
10A- 100) . Flr(gures 10A- 10C show t he resul s of an analysis of t

product  ¢18° K& dastusedh tcnﬁetmlz%/the@mwm eresqdiprg i hecsampleo c Blsis Wasufgllnveed by

10A sh o

cC p?og\l,ﬁ)t S’acﬁéx% I gulrﬂéglioc S ovxlg) Oa%l %?q&%ﬁéomgﬁsw%ro u§ sﬁa?ﬁ_%&%ﬂc

shown in péalgufmﬂmﬁﬁn weEEinhe 88¢xacUbyn cmyﬂlaﬁamlpletmdzglﬂeanmme hdmmal peaks
| et b f .t he t ant b hl de at

oo L00JU OB RET e HoyBH AL Tob o3 HERTIEL R PRBTIoR J6F SPRiGT resiiadly

di chl or ohrpaRE @f Eatibh @F stdiRUglih tiesitel. Witkeon NFlidt até NabMMEB shobase

metallic sodium present in the reduced silica gel composition. Additionally, it was possible
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[ 0092] Exanpl e 13: An inportant initial question for the use of the
Goup 1 netal/silica gel conpositions of the invention was whet her
nmetallic Goup 1 netals are present in the reduced silica
conposition. To test this, a sanple of finely divided sodi um and
silica gel was prepared. Since the sodiumtends to aggl onerate

easily, 1{, s, Bl ﬁi&aﬁe%fjr P fRHAP A Fhd Bﬂafdﬁé?’%&&e A1 ifhO&&Er. euﬁébaf’ b
of sodiumin amonia. Three portions of this material were tested by
di f f er ent feattionqaxuthergricyaif dive meditoey s{DS@)th Walter ihgmprozansielybdds ¢iGrkl/mol Na,

mel ting sodi ym at : sed to determ.ne_the . a t..of sodium.in.
The. saupt o SadsfatBial P SRl THb RPIRtE THBanle i sl Sy iots
C. and 49§f the inhBGiE WREscHoBAd@I0 BEL whBE REEREsith waiak of unknown
origin at 280 C. Upon cooling the _sarrﬁl e and reheati ng]i,]ﬁno t her nal

peaks wer W08Bser V8. totehiaotpo RS sehgp hedexide darmadhivat Sifp1 €etgrgioed by the
renoves f GO anﬁrb%ﬁ#lgﬁ%[o‘ﬁ WACRURE Rfdr58aStT Eérﬂiﬁéreﬁ&%e%eg’!tﬂig result

the silica, Mreover, so ate Na NVR 'showed no netallic sodium

present i md the redudinganwsi fs esugablycompassie ¢fche coxgditration F ISYOH igroupas The
possi ble AtQ timate the hea f L f " .
O s O g
silica W tdactial i présumapR ihx iofginedfythe 183fe athBurk Wfrgak fhimed whiria thesmaltiag tof

75% of that_ of pure sodium_Thus, the Goup 1 netal/silica gel
conposi ti mur’&frpf?‘ﬁ@r‘?sﬂv&??ﬁ%ﬁagé ease consi derabl e heat when it

reacts wifgpoypt e@xahgma]—'rmpdf&ml of AT UWRY, PhiSOFbHERY fhdaxdddaich@erred

was then determ ned the addition of HC1 and back-titration with

sodi um hy HH085} e Firvhebent o e s ek Weschsatins 2if OYEMEIA AL AN L ﬁ%a%%f&e
power 1S B%@%?A%%f Eﬁ@ﬁﬁéﬁe?fwak tPlﬁ'tHEgBﬁt@ éea%ia{'h%ﬂéto%oa{ IHPSC under

The G oup n react h such groups during the preparation

to rel eashbighydroge2xIDHi torry dmen adaptidslopg-astknBiinmayheflaski gNextothet ftagk was
2095 SOk gL I LA By 1 TR T Pl i
sodi um poivas addethis edufell tigit botaingbihe slid0 @8] thiforat a S6ul50 wiasdfhtig offsilica gel to
silica ge&@aw.isAtht%fastp%?nti fﬂe ﬁiaf( b%\égnr 'E)i \%Qttthg tsiliga(l) gelcsu} aceoﬁj&ﬁirggaﬁletsﬂ%a gel black,
After removal from the glove box, the flask was evacuated to approximately 2x10™ 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 (Stagé 11 or Stage III).
[0096] Example 15 — Preparation of Sodium-containing reduced silica gel.
[0097] Fﬁst, 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. Liguid
ammonia (NH;) 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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silica gel. 3.0 g of this silica gel was further out-gassed with
heating to about 300 C under hi gh vacuum (2x10-4 ton) in an adapted

| ong- neck Erl enneyer flask. Next, the flask was placed in a
heliumfilled gl ove box via an evacuated port. Then 3.0 g NaK (1:1

nol ar ratio) was added to the flask that contained the silica gel to
form a 50rdufbveiasd thatflask ofs sidciated e x 10° Rai, Nakt, thei fizsl wianheatdiewiiaiheat

began to wet the silica r t urni.n silic

ATar T emBUARRE R CORBU AT et 40 a3 B Hove box.
appr oxi matrgl Yangid Qs T didribiBd int@ FRiHN. The A6 YRl (4A0mBY OMs Eptbved Fehthe
activation for the entire sanple to be converted to a free-flown

bl ack powgkwve @9@ aab Wy storgdot reave tempaEayen The seroadyitidrred Jevde vah) (gﬂ9mg,

heat rele

react ed ego Brm cal P% %%E&ﬁﬁlgw E@ﬁ'lfa ]E %ercégﬁe% too %ﬁoﬁ)@gﬁg%ﬂple
Pr esumabl 3’(122tdg|} was:pl:av@:t inecketlhdvigh egere bemdampai intwa &0Btrhle bedker o water.
(Stage |1 Pre

Sodi um COI[]‘nglg Sie [Fzzleéd— gfep?%téong(g{gogfjﬂbﬁoﬂt gFe uﬁe(%glwga%a silica
gel was hegy1e0] urrdet, 2VE@YY of Y Ypsiligage] (305G ekl avgeakidedbeniBrirakneyadlask.

t hen renmoved fromthe heat, after no _nobre gas evoI ved a ressure
reached 3 Tie flask westheushqated and opf ggssed Hader VR, FORIEHPLR. i ‘@‘Hb%/ﬁ "’gg%l’ then

filled W thmheltdMitedoRA fﬁ‘eaggaa&ﬁ% eH o @ivte%ryehswn@ 1B tRC@Ebhi Mlmid) A frer
gl ove box, 1.135 g Na was to t g amoni a (NH3
&

s then hegmgang owpaessingcie shiga arls @pprpwawaeﬂ 114 plosiléga) ged aergaéne<3 with a

poncr, YR 0PTSRS JEEQTPURRRC012 <10 o

i ncr ement dlftey beingherded) 980ing ofdia avas foliedentsi cghndetrs:amit addacbtsprihe ﬂaskl Che target

whi ch evol ved du the at aI yst d co ti reagt i,on,
remai ni ng am%mwﬁé ﬁ g"ﬁd f hlél é‘kq&%sﬁagg’ GaP “"as ?, hanged to
10-5 Ton. apenskimatdhe 16 F _araif vpas flagavahened mtanhmmquamﬁﬂares A rasuum as

conditions. After heatjn e fI | aced back in e

box. The %A¥pRBeRELITHe .f@?ﬁlf W8 slacgﬁ?do%@%é?%?efﬁ%& arlﬁ ?é%ﬁofﬁﬁt 2x10-5
(449ng) Wagy eﬁ@ﬂ@@h&f HAR Wﬂ? hgitéﬁl ﬁntlﬂoéhyaﬂg rR8inSig06:€ thetvallO6Mhe flask was
t enper at ur e. e Second, third fourth vials (509ny, 603ng, and

653my, r esksiied ontoyhe susiase @fﬂ@édlqargel hBinglln ke Bask w&%bmaiaceﬂﬁé af fsmage at
le (1
sampl e ( ?Z%Eg:)r %@ﬁl\%{ a%g[%%ggl %&:@%ﬁ ecﬂ’éfzﬂu_t 15 pﬁisngAﬁ%Eeglalsn(tS‘i’Zrﬁg,

1000 nL bea reparation of
Sodi um corit7aingj 89 n1ee et E25nsg placanygenaipo@d,aeipeftivelt) wepe Pla@Edn tic fopgacy.

silica gel 50_nes added. t an Erl enneyer flask. The flask
was t hen r{@éﬁ’gh %fga?é*’e%aaﬂﬁ%af acuum conditions, first with a

heat gun, [hbREN] W THo SahPieebE NT helidagiet hhixirue fronORxanupls Zﬁpmvﬁd obtamgd em

a<yellowt|ptothetorchflane After heati an ut gassin
silica gelﬁeeé%pﬁﬁﬁ%ﬁ@@e?e‘l&t@d §2Gre. s@ﬁ“?ltga"fg(gfm?g ARG e g%f’ze pumped

vol une of % {ia I&aref éfaﬁﬁoﬂ%ntah@ 91&@@&691{@@1@3@ BIEE ot OTRe REsCGEMIES

o

.

of 2 x 10- ter bei ng heat ed of Na was rolled into

cyl i nders lﬁmdsﬂaeajgez] migture avas Itlwwdd%f@ th%lf@‘é'is Qitdufhe FevaNpoxnakhersagyple was
As the Na lted in.th t r

10- 3 Ton. QERS \Xﬁgl L%,ﬁ?l&q 30 aﬁp@?ﬂ 99(%3 %ﬁ%e@ un e?g oom

vacuum as ieibeaigasast he (ghsee(iarodﬁhm ‘w mlfeaNaen toﬁém Noaokitida g anddine Cltms 0il

tenperature and seal ed, of f at 2x the f was ,hea

i T any e GBI o AR YRR T RO R o 347 PRautEfegterve
the surfacg,@fn! hens Is&uhp@ @@é thefri dbalddywith NRuld aglogermsind heaemnvae atlowsd to
a furnace at 210C overn . The sanpl e was then strj but ed into 4

vials. Al lcdadense ohial the (ssngfor 7 TERges. s Thergampla vas 213,??9&11;91‘”&@ @ fpm fo permit
remai nder s, LeSRPGL! Mo wilbhier | AF §ed WeloMfod dMBLEH and measured,

[00103] The second sample weighed 109.7mg. 161mg of Citrus Oil fragrance was freeze

pumped 3 times to a pressure of 2x107 Torr and placed in a He filled glove box. The second
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[ 00101] Exanple 17 - Fragrance Testing [00102] Two sanples of Na /
silica gel mxture from Exanple 2 above were obtained fromfreezer.
The first sanple wei ghed 520ng. 684ng of Citrus G| fragrance was
freeze punped 3 tinmes to a pressure of 2x10-3 Ton and placed in a He
filled glove box. The first sanple of Na / silica gel m xture was

t hen addedahfletdfeNdd silits géd thixhide tWh6 t@l@é‘cﬁe@%‘the-r@ﬁ'ﬁ @Ip{rﬁethﬁg)v{a IT)%Q The

evacuated wth liquid N2 cooling. The sanple was then a

to room t EHPRF XS thengyacuated V@ﬁb@“ﬂ)N@ﬂ@F&@ﬁ Bre s4maple sas theprllofved tmewm to
[ silica g&im aRthet l.e. wa

hel d at room t em:?e#tgrf t%rlgﬁ#sgra r&ﬁr%nlrc%?%%%# %a%g%sé-f@gﬁ\%g%’é P anﬁﬂge Citrus
sanpl e wa®ik Wéw wouiead. WTheh simldm‘wsrﬂntm beldnatancimviameeraes fal 1 Ionechuted to

condense for, 5 nute Tk e was then all onwed

to warm tgg%g‘? m u?)gg% F §wige e e&&ﬂ%f“%“’&ﬁﬂﬂu%}‘%?gm&}lﬁ Vs g@s glaqveed to

t hen col | ectdedseando Iﬂ%ﬂﬂ{p@for[ﬂﬁﬁﬁ?ﬂs The s ?mdas&ﬁ@ip bBow& @N84km to permit
reeze punped 3 tines to a

109. 7ng. 161 Ctr fra ance was
pressure GF° %‘E{t@e Wg%lﬁé%‘ﬁ‘{aé?ﬁe liggseg vigee then pellecigd 69é msasuredrhe
second F’Mﬂhﬂij ofsxualpie giD@@doaeércmﬂﬁdéfn%néﬂﬁs then added to the
Gtrus O n_the gﬂrove box. The sanple was then evacuated with _
i quid N2 [Qd85) ngt Pﬁedgfai‘?plﬂ@ orepastion edntainieg 4.9 g/vartm:tam& obis g Sodlurﬂ
tenperatu act.i on
gel "and  nE DG PP RSEERH QomaRte Madf TG, O B2 ey A el
ﬁom t enpédecsiotirer aprpodition ndontaimsg 0K gba&rcvmd e@B$ igoBodidiehicaratat, WIS ¢
en cool th | i guid.ni en er was al | owed fo. condense
onto the ggdln&yﬁq goRta! ]ﬁcﬁhégga?ﬁ}g ﬁ% & e st @ng&ﬁe@r{@ Gonesitign
permt reanttiining @8 ghetrisai, ©.361 § Bodieth icarRinkte I3 S é(&l'ilﬁntcbﬁtﬂlmng reduced
col | ect edlf dgfﬂga&éﬁdﬁg &0104] Exanpl e 18 - Deodori zer Conposi tions
[00105] A4 2800 osi t i on cont ai Ni ng 0.8 g citric acid,
0.35 g sodi um bi carbonate, 0.11 g sodiumcontaining reduced silica
gel, and 0.27 g fragrance. A second deodorizer conposition containing
0.8 g citric acid, 0.35 g sodium bicarbonate, 0.11 g sodium
containing reduced silica gel, and 0.35 g fragrance. Athird
deodori zer conposition containing 0.8 g citric acid, 0.35 g sodium
bi carbonate, 0.11 g sodium containing reduced silica gel, and 0.5 g
fragrance. \What is clained is: 1. An alkali netal reduction
of an organi c conpound, the inprovenent conprising contacting the
organi ¢ conpound with a Goup 1 netal/silica gel conposition prepared
by mxing a Goup 1 netal in liquid formw th porous silica gel in an
i nert atnosphere under isothermal conditions sufficient to absorb the
liquid Goup 1 netal into the silica gel pores,. wherein the Goup 1
etal /silica gel conposition produced reacts with dry 02. 2.
An al kali netal reduction of an organic conpound, the inprovenent
conpri sing '
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contacting the organic conpound with a Goup 1 netal/silica gel
conposition prepared by mxing a Goup 1 netal in liquid formwth
porous silica gel under exotherm c conditions sufficient to absorb
the liquid Goup 1 netal or liquid Goup 1 netal alloy into the
silica gel pores, wherein the Goup 1 netal/silica gel conposition
produced does not react with dry 02. 3. An alkali neta
reduct i Wwaatak claim&rigani ¢ conpound, the inprovenent conprising
contacting the organic conpound with a Goup | netal/silica gel
conposition prepared by mxing a Goup | netal in liquid formwth
porous silica gel LLi fLei :
the Iiquid (&oup}?yﬂgﬁg?@%g&%G& gQﬁ%ﬁBg%ﬁ%gP&B%ggghﬁl ghﬁégfﬁﬂég?ﬁgng
resul t i qogtanfing the er gamcecone)nwei wtthu p&rofp bakewdehcapd eomPdsidrt mrepdalby

400C, wherein.t he ica gel. conpositian pro uced does

ot ealBBh Lty TogRn ol Bign S ol BT 5 bigh e PhRYE St

or gani cisghepauashditione smfﬁmem/te RBSrb GRMYuIdSGRYp ¢ omdtaldhontk dihe @t g@es c

conpound with a Goup 1 netal/silica gel conmposition prepared

mi xi ng WeFBdl Gronpd dretplpilicagsl epnrostionPiaupst ises with dpaOyel under

exotherm c conditions sufficient to absorb the liquid Goup 1 neta

into the silica gel Pores, and heating the resulting mxture to a

t enper at ure bf abovakdboeta! 2dodionwiien eiganicliemgpaid the imptaykinsit dovrrigiek

(r:rgtmgllOSIr X Enp%t(ﬂg%gg%%c C%%%O%I?CE: WItf’?g?}rOL}P df mfegﬁ/¥1i19a el com &iltEOﬂ n%reaa?ecgl!) kal i

or 4, vvhe:ﬁ@ NGidug |Granlpin ligoiitfaim Mthlpeaaugeﬂhca:gﬂmsmaxetmetrmceom[a@ised
th wa and r n|c reduction reac results.in the

br oducr T OHieR thytpGgBnlgd Groud P el iRl biter menk il Fede Scriebt

an or gafr&s, GAERMURS Gedupanyc@N&1iS gt kahpiitlon RodREd doesWaBFBEMit®Y O,.

organi c reduction reaction is a Birch reduction of an aromatic

conpound. 7. The alkali netal reduction of an organic conpound

of any one of cl ;

eact;on i s h dersl gdmel Rbucliont?Eh 6lnk SarBbARRLE IHBRHERkE omprising

conpounmntacting the Srgaﬁhe:oadpbaﬂld wrretié]rompeu metail/eihca)gel anmpogaam wepaepewnd

of any one ofG i 1l 5 P ﬁ mﬁ i 68 ni ¢ eductlo

react i o™ "% A WPt z‘“?% at '1‘18‘6’ g éﬁ%"é’éﬁ FRE° 3%*8 B Smdtions

9. The alfkaéit Eisalb the dyeticabuPl nrRl aitganisiice @enRad aef hanyg o eesafting

clainms 1, 2, or 3, wherein the organic reduction reaction is a

desul f URPSHE iohtemparitre Al bytwasn @P@h%ﬁ%c LorpgLH " eonberRithyCruadl i de
l'i nkag&neta /smca Ojcpcog}g}ﬁltﬁnlnliﬁ(l)ducgc?a@els n'E)?QH&ttherr?b an organi c conpound

of any one 1 ar ms or 4, wherein the pores of the silica
gel have an average pore S|ze of approximately 50 to 1,000 A

4. An alkali metal reduction of an organic compound, the improvement comprising
contacting the organic compound with a Group | 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-.
5. The alkali metal reduction of an organic compound of any one of claims 1, 2, 3,

or 4, wherein the Group 1 metal/silica gel composition is contacted with water, and wherein the

organic reduction reaction results in the production of hydrogen gas.
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11. The al kali metal reduction of an organic conpound of claim 10,
wherein the pores of the silica gel have an average pore size of
approxi mately 150 A 12. The al kali netal reduction of an
organi ¢ conpound of any one of clainms 1, 2, 3, or 4, wherein the
Goup 1 netal is selected fromthe group consisting of sodium

pot assi um rubidium cesium and an alloy of two or nore G oup 1
net al s. 13. The al kali netal reduction of an organic

conmpound of claim 12 erein the oup 1 netal is sodium potassium
or a sodi umbota éﬁamaﬁﬁm@lreductwn of aporeapigoegrieant ohwamerrdaliens bri- of
an or gafivthekAHMRE YRthnRf redib¥ioR Réc@dn € adl il rdduchon 8f arClroftati MR RIuAd t he
Goup 1 netal is present in the Goup 1 netal/silica gel conposition
in an anount up to 50% by wei ght | oad. 15. The alkali neta

reduction Of?. an ?hg?gl%ﬁt egﬁg%{.@ﬂm%f acﬁl &%{Hggc%mgég%)ﬂ%%wcglg(gf%flapmsln%, 2, or

metal is selecte Foup consis tassiu

rubi di umwheesi thenorgand raducaioh esactddn ik walebdalo gapagorGeadtion bf mdhkbkenated organic
16. The al kalj nmetal reduction of an organic conpound of claim 15,
wher ei 48" &oup 1 netal is sodium potassium or a sodi um potassi um
al | oy. 17. The al kali nmetal reduction of an organi c conpound
of claim?7, wherein the Goup 1 netal is selected fromthe group
consi sting of soditgikalicreaalsedustion efandireanic ewrpayndl oby @ cdklasys bf2, or
two or . . : L . [ .1 on of
an orgé%?%ﬁgﬁagggh ngﬁ%@%%Pﬂf?gvmhﬂéﬁgyﬁpﬁﬁghéggagg%%%%¥%ﬁ9#§hgodium
pot assiagmpoond.a sodi um pot assi um al | oy. 19. The alkali neta
reducti on of an organi c conpound of claim8, wherein the Goup 1
nmetal is selected fromthe group consisting of sodium potassium

rubi di um cesi umThaRtkadmeakllreducObn 68 @EaTPEENSFuAY Bf dnyn@iedIf Slaims 1, 2, or
20. The, al kali netal reduction of an orqanjc_conpqund of claim19,
wher ei > tYhETeE} B STEpNiFEAICtion reagterUie deBt BEignting regstion ok yHPIgAR B 6P BBYING M

al 1 oy. ¢ontaining a sulfide linkage.

10. The alkali metal reduction of an organic compound of any one 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 one 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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21. The al kali metal reduction of an organic conpound of claim?9,
wherein the Goup 1 netal is selected fromthe group consisting of
sodi um potassium rubidium cesium and an alloy of two or nore
Goup 1 netals. 22.The alkali netal reduction of an organic conpound
of claim2l, wherein the Goup 1 netal is sodium potassium or a
sodi um pot assi um al | oy.

13.  The alkali metal reduction of an organic compound of ¢laim 12, wherein the

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

14, The alkali metal reduction of an organic compound of any one of claims 1, 2, 3,
or 4, wherein the Group | metal is present in the Group 1 metal/silica gel composition in an

amount up to 50% by weight load.

15. The alkali metal reduction of an organic compound of claim 6, wherein the Group
| metal is selected from the group consisting of sodium, potassium, rubidium, cesium, and an

alloy of two or more Group | metals.

16.  The alkali metal reduction of an organic compound of claim 15, wherein the

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

17. The alkali metal reduction of an organic compound of claim 7, wherein the Group
I metal is selected from the group consisting of sodium, potassium, rubidium, cesium, 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 | metals.

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

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

| 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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22.  The aikali metal reduction of an organic compound of claim 21, wherein the

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