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1 COVPCSI TI ON COVPRI SI NG NEOPENTASI LANE AND METHOD OF
PREPARI NG SAME CROSS- REFERENCE TO RELATED
APPLI CATI ONS 5 [0001] None FIELD OF THE 1 NVENTI ON
[ 0002] The present invention relates to a conposition
conpri si ng neopent asil ane and nore - particularly
to a conposition conprising at |east 93% (ww) of
neopent asi | ane. The present 10 invention also rel ates
to a method of ‘preparing a conposition conprising
neopent aci | ane, the nethod c]on'pri sing treating a _ ‘
COMPOSTHION COMPRISTSIG KEDPIANEA ST LANE iAng9 . i
ydri de. BACKGROUND G:P'I%Ep I'NVENTT ON %’!‘Hﬁgg@?rﬂﬂﬁ?ﬂma

S opent asi | ane and met hods of preparing the conpound
- are known in the art. For. 15 exanple, Feher et al.
577-579)

lttorg. Nucl. Chem -Lett. 1974, 10(7),

CRO#‘%B@FEW%T@&E%W@P APPRICATIONSf sil anes,
[0001) N8loWeli Ng neopent asi | ane, by acid deconposition of

magnesi um si l i ci de and separation by distillation and

gas chromat ography. [00041 Hoefler et al. (lnorg.
FIELISDSMHE ehiventS 9(7), 723-725) report the

_hydrogenation of tetralds(trichlorosilyl)silane with-

[0002) | The preseitt inviention mlates then complisitdnydonmpirisis rbpentflake and more

ic L s Dol 43 s abned
P B o B8 YR Lo N hetrertsimry The presemt

inventigpalsovslates tah methiod CFerparBga coftpokition $afipgisinE MtShchilsilane, the

- method PEb ke Bkt rplart e G R e shyctide.

using a silent electric discharge of 40 kV for 5-10 h
er tube maintained at -20 C

BAC%WE%W@ als Gell4, SiH4, and 512116,

100031: Péecpendsins nd chahtt dfprapasing Ushtothrdin BATRYALA BRM. For

; NMONG.s s, -neo asi Lane.
el SRS, ATROE i AT D b omermion
of mixyreeqfilanesoimchidimenmeninasidne ey Kid H&io?ﬁig?iéﬁrﬁghmi Ses{iii:m silicide

i ' ti f_-hal osi | ,
and seﬂﬁgﬁ%&{@%ﬁ%ﬁ#ﬁ&h‘?gﬁoﬂgﬁﬁ% n-gcs)perrt asi | ane haVi-'ng

- [0004] hHigteflpuietidl W Inarg il Viet. d 97 3K7), $25.924)58Rb:LtHe BiyBropenation of

totralkisGRORTBEehiftsi IR0 Wit e DB OSS B dride in diethyl other at —100 °C 1o
give a yellow—bmwn polymer which contained a 1:2 isutetrasﬁane-ncopentasilane mixture.
-[oims} Andrews etal (7. Chem. Soc. A: Incrganic, Physical, Theoretical 1966, (1), 46—48)
report the preparation of high molecular weight silicon-germanium hydrides using a silent
electric discharge of 40 KV for 5-10 hina conventional ozonizer tube maintained at 20 °C.
From the starting materials GeFy, SiHy, and SizHg, the products isolated by gas-liquid
chromatography included, among- others, neopentasilane. A
[6006] | Aithough the aforementioned references describe the preparation of ncop;sntasﬂane
by various methods, including reduction of halosilanes, there remains a need for a method of
preparing neopentasilane having high purity in high yield that is scaleable to 2 commercial
manufacturing process. |

SUMMARY

{0007]  In a first aspect, there is provided a composition comprisingi
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30 SUMVARY [0007] In a first aspect, there is

provi ded a conposition conprising: at |east 93%

(ww) of neopentasilane; not greater than 5% (ww) of

ot her silanes; and not greater than 2% (ww) of

hydr ocar bons. [0008] In another aspect of the present

di scl osure, there is provided a nethod of 5 preparing

a conposition conprising neopentasilane, the nethod

conprising: (i) treating a hexahal odi sil ane havi ng

the formula X3Si Si X3, wherei® X is -Cl or -Br, with a
0 produce a first mxture ,

%g%t?%%nm@%%gﬁﬂ(ﬁ%{ rlg’hal osilyl)- silane and a

' @t@@éﬁith%ti%lﬁwfwwotbms)lampmchtl ng the :

A T 2SRy BosdRAE e cepar ot oo

W““%ﬁt r BL@P%tP?ﬁ SR of thelpresentdiecluiurt, tmbm ﬁ;qbuﬁglbcah EHEHMADE

RS MR ST e
Gn txe:amng at e ateaiontisilanb GaGia@ ks forasial 28 0351) ?@1%}3 Jﬁeis Clor—r,
aln

conp03|t|on of the present dlsclosure [
with g derbann ansing gatalystiopreduree fixkt mibgire pumptiing betrakis(trihalosilyl)-

silan®ahd b St e cfeon'posn tion typically contains at
Ieast 93% (W néopent asi | ane, 15 not greater than

(iEoseparating Bk terakis(tribialasilgBsilan dnd die s@lcﬁﬁ&&faﬂhﬁ@@ 2%

oo PSR At B RAR ABriAf S B e o

mvﬁpngégmesmngmepmuhmjanmaw ng hi gh purity
5 e I b
TS S

e .
| [0009 a’ﬂle (\{omposmon of the present disclosure contains neopentasﬂane na state of high.

purity. In particular, the compomtlon typically contams at least 93% (wiw) neopentasﬂ ane,
not greater than 5% (w/w) of other silanes, and not greater than 2% (w/w) of hydrocarbons
based on the total m:ght of the composxuon _

(00190] . The method of the present disclosure produces neopentasﬂane havmg high purity in
hlgh yield. Importantly, the neopentasilane can be readliy and efficlenﬂy removed fromthe
reaction mixture by distillation. 'I'Ins separation minimizes the occurrence of unwanted side
reactions that diminish purity and yield. Also, the neopentasilane is free of solvent, which" |
can be deletenous in certain apphcatmns, especially in the electromcs field. Further, the
method can be carried out economlcally with a stoichiometric amount or only sl:ght excess of
dusobutyialummum hydnde- Still further, the method can be scaled to a commercial
manufacturing process. o i

[001 1] The neopentasilane of the present discloéure can be used as a precursof for the

formation of silicon-containing films, such as sﬂxca, silicon carbide, and silicon mmde by

chemical or physical vapor deposmon.

DETAILED DE_S_CRIPTION OF THE INVENTION

[0012] A composition according to the present invention comprises:
at least 93% (w/w) of neopentasilane;
not greater than 5% (w/w) of other silanes; and
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reaction mxture by distillation. This separation
m nimzes the occurrence of unwanted side 20
reactions that dimnish purity and yield. Al so, the
WORBhi28si | ane is free of solvent, which cad(@dS2007/019165
del eterious in certain applications, especially in
the electronics field. Further, the nethod can be
carried out economcally with a stoichionetric anmount
or only slight excess of diisobutylahnni num hydri de.
Still further, the nmethod can be scaled to a
commerci al manufacturing process. 25[0011] The
neopent asi, I ane of tams resent disclosure can be used
not grgater Hapd e SEFWr bé’PFratl on of

[0013) S'l‘hb E@R&p@ﬁﬁb@ béthplsch iat east %ae wie), anrdmmchsmuem%% (wfw),
) annd sil1can ni tr| %é?e%h %galor gﬂy‘?tﬁ

altemat\)fébb%f 16% 887 (EW)> %E‘mf’{‘@é‘ EE'S OF&"

compositENdrGaBid, a&%hpesﬁ@ﬂmﬁﬁcmlmmm; 63 rY1009% (bv),

ey bt 3 G2 B EEBFRS. fpieyom

09 1 99596/ /85 of H8nenifRi1aR08/ 051328PCT1US20071019165 3 not
210 oa@gﬁétohan Ii%/o \}v/vv) of hydrocarbons 001

[0014] ¢ J_mp@gppn ghﬂ@@ﬁgpq%gagﬁ Ises nclt greater than 5%
(w/w), @jtérﬁa{tﬂ%i eﬁér h8P5% (dl‘fe?ﬁanv@lbftﬂ Eiﬁatev elap 184 (w/w), of at

of neopent asi | ane, sed
least ong @t suemegﬁw goqiﬁem@mmq fShe °‘F¥8P°%‘)<%ﬂrp‘f9 et other

> YihfEd to)f siARPhhvas (¥ newﬁ@ﬂﬁﬁlwaw)s: Hg. SigHjg.
silanes tmear%ngt |é3€fl§’/ from{O\S/ to 99% (%//vv) y al ternativel y3 8 Siatlio

S16H14t SD)‘HI%Z idooB S WX H3 ) HiB €8 E)B \midﬁj(nam@@ﬁlt’abgfdg)g ohere iso-
vv%3 of neopentasilane. [0014] In addition to the
BulSISan ntasi |l ane, the conposition conprises not greater

t | ofipRiak it lpYedfGithal BRI Memaﬁ’vely not greater
[0015% \I}?ﬁ cg:ﬂgog’%%g%lﬁvdgl not Fﬂe%t er .t han (103\,\//9%?’
than 1% Eeiw), ehet least ene bydrapasbory Ihtberietal we aﬁ?ms?sm‘m—
Exampled ©f h98R8&bbh L relal B h&Snd? 1inditd¥b, aliphatic hydrocarbons such as
isobutane, pentane, and hexanes; and aromatic hydrocarbons such as toluene.

[0016] The weight percent of neopentasilane, other silane(s), and hydrocarbon(s) in the

composition can be determined from the proton nuclear magnetic resonance (lHNMR)
spectrum of the composition as described below in the Examples section.

[0017] According to the present invention, a method of preparing a composition comprising
neopentasilane comprises: '

() treating a hexahalodisilane baving the formula X38iSiX3 wherein X is -Cl or —-Br,
with a tertiary amine catalyst to produce a first mixture comprising a tetrakis(trihalosilyl)-
silane and a silicon tetrahalide;

(ii) separating the tetrakis(trihalosilyl)silane and the silicon tetrahalide;

(iii) treating the separated tetrakis(trihalosilyl)silane with diisobutylajuminum hydride to
produce a second mixture comprising neopentasilane; and

(iv) distilling the second mixture to remove the neopentasilane.

[0018] In step (i) of the present method, a hexahalodisilane having the formula X38iSiX3,

wherein X is —Cl or --Br, is treated with a tertiary amine catalyst to produce a first mixture
comprising a tetrakis(irihalosilyl)silane and a silicon tetrahalide. '
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10 silanes include, but are not limted to, silanes
having the follow ng fornul ae: Si3H3, Si61114,
Si 7H16, iso-BuSi H3, H2(CH3)Si Si (Si H3)3, and
WOL2098/01828Bu) Si Si (Si H3) 3, where iso- Bu is i sd§yg§2007/019165
.[0015] The conposition al so conprises not greater
than 2% (ww), alternatively not greater than 1%
(ww), of at |east one hydrocarbon, based on the
total weight of the conposition. 15 Exanpl es of
hydr ocar bons include, but are not limted to,
al i phatic hydrocarbons suchy as isobutane, pentane,
and hexanes; and aromatic hydrocarhons such as

[0019] ¢ dlhe baxabaladGilehe Fncbae Figale Hssahalofisibpe 98 8 FUKEES F?fawéf;ing two
or moregal.%{enf' hd-AR808kilad Foy 0L A6RE B KahhAlBdikikhe can be

onposition can be determned fromthe proton nuclear
hexachiveggisitane, hesalmmedisilape. vRynikpise pf hgwaghlofqslisilane and

C jtion as described below in the Exanples
hexabr%rg‘g%g%ar?g' 20 [0017] According to the present
[0020] | Methodsaf preparipg hexalwiodisibpes 4mgnawa dnEhssrt | Koy example,

v R B BRSSO 5 ) o o

removidg ite praiucohavifly a beiling wintetlt4rIg6 36 Fdse.diesnlromodisilane can be
' roduce a first .. . i.Si i

preparefiHtGing paibind] it ifh SOHRA 34 Bltnfine gpsos and subsequently

distillirigghe sdaatidriprod@ds it 1306644 7@ uindgy atpressure of 20 kPa to 27 kPa.

: .etrakis(trihal.osil I _ i q +th bromi
A G5B ) L8 S g it i,
as exenfysiified| byl Welier QLB cbainby(sirk a8 ynsh. MLt 1946 98082t yI al uni num

hydri de to produc secon L XL Ul €, risi .
[0021] néﬂ’ﬁ é‘f’fﬁﬁ@ﬁ qnglﬂg calgﬁﬁ? canebe(all gl)omazfréitﬁﬁ ﬁhl&%gﬂ%f h’lgﬂnghg%,oorl; a.mlyammc.
Moreovir xthel kedtidrg andndudsalysiccandape at asydlianeyclip 0@ B8yclicieyslie ptructure.

i) .of .the present netho h S '

Empfeﬁé’f %Fﬂlag% :§§Q¥%’m§b&mﬁi‘e}%%§ﬁﬂgl S -‘gd’or : %?Elﬁl?ég%has
trimethTafihe risthiamind, efi-ni-popylaniine udisopbyguamie, pi-vdutyamine, tri-sec-

first. mxture conprising.a . . . g . ]
bty larg gt By Y S B RS T e oy sy Nomethyidicthylamine,
N-metHyddicipylmine, Wornd8 dikeh8a G RETbEISTo0Rh Jddaemtylamine, N-
methyldi-sec-butylamine, N-methyldi-tert-butylamine, N-methyldi-n-pentylamine, N-
methyldi-n-hexylamine, N,N-dimethylethylamine, N,N-di-n-propylethylamine, N.N-
diisopropylethylamine, N,N-di-n-butyletbylamine, N,N-di-sec-butylethylamine, N,N-di-tert-
butylethylamine, N,;N-dimethylhexylamine, N,N-dimethylheptylamine, N,N- .
dimethyloctylamine, N,N-dimethylnonylamine, N,N-dimethyldecylamine,

tricyclopropylamine, tricyclobutylamine, tricyclopentylamine, tricyclohexylamine,
dimethyicyclopropylamine, ‘dimethylcyc]obutylamine, dimethylcyclopentylamine,
dimethylcyclohexylamine, methyldicyclopropylamine, methyldicyclobutylamine,
methyldicyclopentylamine, methyldicyclohexylamine, diethylcyclopropylamine,

. diethylcyclobutylamine, diethylcyclopentylamine, diethylcyclohexylamine,

ethyldicyclopropylamine, ethyldicyclobutylamine, ethyldicyclopentylamine, and
ethyldicyclohexylamine; diamines, such as N,N,N',N'-tetramethylmethylenediamine,

NN N N'-tetramethyl(1,1)ethylenediamine, N,N,N',N'-tetramethyl(1,2)ethylenediamine,
NN, N'N'-tetramethyl{1,1)propylenediamine, N,N,N',N'-tetramethyl(2,2)propylenediamine,
N.N,N', N'-tetramethyl(1,2)propylenediamine, N,NN',N'-tetramethyl(1,3)propylenediamine,
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[0019] The hexahal odi silane can be a single

hexahal odi sil ane or a m xture conprising two or nore

di ff erent hexahal odi sil anes. For exanple the
wOrRessantz®di si | ane can be hexachl or odi si | ane, PCT/US2007/619165

hexabr onodi si | ane, or a m xture of hexachl orodi sil ane

and hexabronodi silane. 5 [0020] Met hods of preparing

hexahal odi si |l anes are known in the art. For exanple,

hexachl or odi si | ane can be prepared by reacting

silicon netal with hydrogen chloride and renoving the

product having a boiling psint of 144-146 C. Al so,

hexabr-onodi si | ane can be treatln cal ci um
NN N N o RO e BT R A e

dlaZObIC?g%ff g %?&Hclaﬂe @ishinel isaeh hdhe 1 r@'ﬁ,@lpeﬁﬁni&&gddheﬂﬁleabmmne and

~ 0°C under a ressure of 28 %é | cPa.
polyaminps, anelpas Al oms R IR RBEFERY 278 PR IR RERing)
" [0022] b%ﬁ%? %@n‘}é éé@él?&'cﬁh 86 aWirddle REQEY ﬁﬂ}meﬁir Avabieichinpaising

Schumb (I norg. Synth. 1946, 98-102).
two or r{uﬁe Ziffervhtdertiary ﬁn'awzs,ér#h as gecHpyd b %’Sn be a

0023) " PHORBR0d gﬁlﬁ@%be'&éa@é@%ﬁhﬂ{ytemﬁﬁhﬁ%ataw BOMBS standard

ary am ne catal yst can have an acycl

reactor sywbledpr comtagipg|chiresiionpe with i ertigneaminga ppitele actors include
glass an{lglre%l'orax-[ﬁ{aea d}?re% o@%]ylslte?erhﬂ | thd ?eacmftls Shfppatwith Ande@fls of

nnnoam as 15 r|neth | am ne,
agitatiof,rsueh la;'kta-nagn A,lsot, preferablyo B raaationds camed out in an inert atmosphere,

such as Pltrol %ICI) Q%Paimtﬂg abdehée OF RUisul-anbae,

arnine, tri-tert-butyl am ne,
[0024] t The he};&haloﬁjﬂanmmd the narhm]ng $Rtalyst can be combined in any order.

Typmal&tﬁg%‘?{ﬁﬁ%l rSopr op)ﬁtel ﬁtaﬁhé@ﬁ‘tﬁngiﬂ h dl?lf‘iﬂl%Ei %n%?ﬁtg?gnoéo us agitation.

Howevdklnmvbgsh dildision.-ilzu agdition of ﬁ:e tetrakis(trihalosilyl)silane to the tertiary amine

kld.-tert-butyl am ne, N-methyldi-n-pentylamn ne,
Camyﬂ&ﬁglgﬁ F;%gblﬁ hexyl am ne, N, N-di net hyl et hyl ami ne,

[0025] Nihe thte of @id)pgﬁ of ﬂ;y textiayyeamine Ratabygt to the exahalodisilane (or vice-

versa) i T\#yﬁ_s 2 ggh g:t {] %qu%g e%at& BF Bl vBadbinh YihiRtuly taiHiEelow the
ecomIiNsllﬁodltempasrttmm 9'ﬂ tht Mm(hémalqmlﬂ)dlanm hyl hexyl annne,

[0026] NT%g‘ %"%ﬂ%@ﬁgi tjr‘f‘?{&jﬁ?rﬁeﬂeg\u‘hrnet hyl decy?é%::;rﬁnmngﬁmyst e

temperdtiidefCLORY WG} mltamatltwlwdym o t190 8@ alternatively form 0 to 60 °C,

tric cIo ent tr|c ohex ° _
stematgiche ks s L
(mhala&ikﬂﬁ!llﬁiéé ﬁ}éﬁ}:}éaﬁatdéF@ﬂpﬂﬁquS di WFZI hyl cycl ohexyl am ne,
i cycl opropyl.arni ne | 0
[0027] T hAeaR A D BRSPS 7 B SO S A B A Bt the

hexaha!é'd%‘iiﬁﬂé SMTHhe Rérf Ry hind @atabist, enhﬂ yllie{:lﬁﬁipeﬂantryl Ahe neaction time is

i et hyl cycl openty| clohe
typicalg o 1% Y o BRSBTS R 1 1 Fo bt PTRRORIN D ane g6 et
temperﬁ{u@’dfcﬁcﬁﬂ Qb@@eowl ameiopeimai eaetitry tistie ey be Heteyrhiawl iyg routine
di ani nes, suc

experinpgnRation tKIng (5 PSR P OE Ry P R useoign below.

[0028] N'ﬁ’le No&:éxﬁ%fléﬂ%f h]\é'té&laﬂa) ﬁhiﬁd caidht anihe st reaction mixture is
I\I-tetramsth 2)eth ﬂ) m 8 for). al sively &
typlcallbd ﬁvwomltt@tlpm H94 "x‘l riatye p§ LG ok g alternaively from
0.01 to Q) 1%5 »bk B@éefdaﬁ%éwe{@n%rm&&ychﬁmsﬁsmne
11-tetranmeth I(1 2)pro yl en beence of
[0029] N Srtm\(x) qfﬂlepmﬁwexl sihpd cam o FEHS 8%%@3&% ® P“Wﬁ“‘e ora

-an orgaﬁ%\f%ih%i "fﬁ %@éﬁ%ﬂ-@&r’m@ aprotic or dlpolar aprotic organic solvent
41-tetraeth

yl (1, 2) et hyl enedi am ne,
di azobi cycl o[ 2. 2. 2] oct ane, and
di azobi cycl o 3. 3. 3] decane; triam nes, such as
1,1,4,7,7-pent anet hyl di et hyl enetri am ne; and
pol yam nes, such as pol y(N net hyl et hyl enei m ne) and
pol y(N-al kyl et hyl enei mi ne). [0022] The tertiary am ne
catalyst can be a single tertiary amine or a mxture
conpr|3|ng 5 two or nore dlfferent tertlary an1nes

o o o~ o~
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10 such as nitrogen or argon, in the absence of

noi sture. [0024] The hexahal odi sil ane and the

tertiary am ne catal yst can be conbined in any order.
WORPPH/ISaI2By the tertiary am ne catal yst i s ad®ed/usa0u7ifer165

hexahal odi sil ane with vigorous agitation. However,

reverse addition, i.e. addition of the

tetralcis(thhalosilyl)silane to the tertiary am ne

catal yst is also possible 15[0025] The rate of

addition of the tertiary amne catal yst to the

hexahal odi si |l ane (or vice-gversa) is typically such

that the tenperature of the reaction m xture remains
that doeb ebtmactveithigedepasiledisitaoe cihp &rhitnyasnipe catplyst, or the

) Cal. . . . -
i OSSPt
[0030] t Brarhpley ofiaigaeiccatvahtssnclude, Hut exgpef Himited tofsatuyated gliphatic

00 C. .alternativel r . i . .
hydrocap lf bt EpORahe Hlokprie b ibcine B UBERRRL S baliphati
hydrocatlmstsecipay atclopentiape abd vpcl@gtats; arprpatic hydrocarbons such as

tetral ds(itrihal osi. i. i ; et 1t .
e SRS 4 AL FRUHRRE 005 R RS s yctone oo
halogenaedetlaine ashas srichlowetidnegodthalogenaled aromptighydipsarbons such as

bromob?%$a| g@%&%& nd the tertiary am ne catal yst, and

ure. " The reaction time is typically from

[0031] 1The oRnir, sohtenecanbs ¥ singlefarganid selyent 2r p muxture compnsing two or
alternatively from.1 t . ih&IReLat ure of

more CIHETE Srars 58%/)"59 STﬁaeChoaﬁtd%Srr%rﬁéfi éag%telg%lﬁﬁlt'ilti ne can be

[0032] dWlempreest, biye canetntraticvgiehé oxganigtspbyantis itypicallydrom 1 to 99%

. JRORRE B B A AL L0050 0 sttty

from S(Ifiﬁt’ﬁlf}%@ﬁfsﬁ)nb%&?(c))(i;ith‘?v/towlm'ght@rfthﬂ fitstireacicn mipsine o. al ly ‘

100331 155 op ) oT4be et g SRR by Dfig gt icon

teﬁahalif%%&gj i@igreft&tﬁ Tins glfpm;aﬁbnt?m bﬂ ﬁamihd botihsapryieg asa@cuc:m to the

misur 028 S by By B g S e a4

separatisf lcsie BE carfied out hp appiyﬁxgl wﬁe!lcuumanf 1gePaty/the pristureatgr temperature
- \Y/ -

of 60 S ) B nd SR B i B b h epd oy solvent iy o old

[0034] Wit Step (ig5) beHmyatdt mcttmdethetshparated totrakis(aibplosilyl)silane is treated

... catalyst,. or the tetrald LlLh ' ' N
B e Y e e
[0035] Exasglisshupflangaamcydaly entanmercialiyeyvaiable frlequid form neat or as

dimted to, saturated gliphat] UG
o sonals i S EL AP FE, B b bR eyt 88
peopenta¥itdredh isfpaiv) ©f Shedwedthod and costamirgtte e procict pBurthaigatamination
and cl chexane; at.omatic h ( :
can caug s BIRESS P r BT PO ae B C MRy [y e fschflpEficld, dat equire
high pugigy.met hyl i sobutyl ketone (1/1113K); hal ogenated
al kanes . suc s..tri.chl oroeth : . . .
(00361 S TiRa R ehev DR 358 £t BB s nd Bl A0 oum nydride
in any ﬁdﬂdﬁfmﬁﬁﬂf&e setable for cofnlﬁéﬁﬁg a Wtlesibmg avithca metal bydrideamducing
e a.single organi c so OF. Xt ur 0 :
agent. Sieatis repgiors Perie et any TngRiinee B iftofs” FabteRblY)the reactor
is equip?:ﬁ& %ﬂimﬁe?m?@g@ﬁﬁ?ﬁ,?ﬁad asdtindeg. [AﬁkbeB@cta\&#Ea’nhe meersmtrsilane is
he concentratian e, organi ¢_sol vent, i s ica
pyTophiiRy S TR TP, CACL R ap T oA, T e b Y
accompﬁi}élt’lé@ by tpinfgﬁ{gﬂ&fb h‘é(z&ltdg Sifntt.]ﬂm;lg?mbﬂ gﬁﬂ%;ﬁﬁ\ﬁg/\%itro ger; c;]r argon, prior to
) alter ive rom50 ta ase n
introdu RATapt Rl PR SR pE A LY LR F B rdBe realBr.
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[0033] In step (ii) of the present nethod, the

tetralds(trihal osilyGsilane and the silicon 15

tetrahalide are separated. The separation can be
wocadyisei8out by applying a vacuumto the m xtPGIAS2Y7/019165

renove the silicon tetrahalide and any organic

sol vent. For exanple, the separation can be carried

out by applying a vacuumof 1.3 Pa to the m xture at

a tenperature of 60C for 7 h and collecting the

silicon tetrahalide and any solvent in a cold trap.

[0031 In step (iii) of theypresent nethod, the

separatedtetraldstrlhaI03|IyI)erane|st ted 20 '
[0037] vFhtetrakisdRalgsibis R B b A G i combined

in any @e%t Y4 bic d FHBuREARSHAS by BIR is Eal@e@ﬁﬁb Hheplid

I 'sobtityldl um num Hydri de j s conmergj allytﬁval | abl e
r

tetrale(F:mhdlquﬂ)él-’q‘DGr Havesver.gevesse addignn b e AP ys

d¢89A1S itle St dhi ,
e IR BRI ol e
the tetrakis@ribolvsdyhstlaneis thpicplnerded to thecdiisg ARy s s 2
sohMonlﬁ%P%Egﬁﬁpéqﬂﬁn'n certain applications, particularly

2Ct roni cs field, that require 25 high
[0038] pihé tafe of 80K GHbe disotakdaleminim hydidsi9sh¢ ane can be

'tetrakls(i?léag srcpsﬂanlg (%P?lcg—lﬁe?s%g#tt 1@WHrtﬂatliﬂcgfehﬁ%rdt&e%T Yhe reaction

reacto

, or ‘contactin hal osi | ane
mixturewkinhing belevathe iy dempesifiauigoipapterg of the tgg-ggggp}ea losilyl)silane.

r 1
oo G555t AOR A L 98 st
hydndemfalﬂﬁnp'bfmmgi dffromn] 0 sUB0D %3 alteinatively fronk 840 10@ 2 alematively

t he neo entaS|I pyrophoric, the reaction is
form 0 G%I‘ﬁﬁﬁ%Y?VZEm%gﬁ gﬂ % i nert at nosphere. This

[0040] CThe RRCAES BAR|depBRTE dRyseReraDiatIs, Iixazlﬁcﬁﬂgﬂmsmnctdnesmfdhq

A A AT SR A

amount Of Mecluridiedts coRpldidrddaeriseathe tetrakié&halosﬂyl)sﬂane to the
2008/ 051328PCT/ U52007/ 01‘&)31.65 7

neopeniagilang) efgsmqul hetely it 13/ gl:r'l g)rg?}a rﬁ 7c,Jt10n means the silicon-bonded
halogerpdtbﬁﬁ %H%hﬂaﬂﬂr ﬁf@s@h’ﬁh thy @traietrdanl sis e ai)efhpﬂ:n:ed mith hydrogen

At S AT, A UL B o 03102

halcnﬁﬁ%l‘jﬂtoil%\é@b%&n petehiré 6ftfrom. 28 to@dACLi on of t he
etralcis(trihalgsily gﬁllane t

(0041] /e Sunle i afr RIS ag s By et oy tsrgkis{yglppiyDotane
is typlcﬁggﬁ'onﬁlﬂtBQGt &&éﬁh@&ﬁy flohal D& 14y BRbroatieely frotry [ @al4. yWhen the

ed to the d||sobutyl Iuranun1h
mole ragig[igjespihap d2othe 61?155.“’? é%gftrgﬂ%w%sﬂgpsﬂane in
addltlo@g:‘jﬁéorb@ﬁlaﬁfanﬁ heyedd 50 Biﬂlél i‘a@iotiﬁ'gﬂﬂafﬁr Iyashr 160 éhet dmst dfthe process is

tetralds(trilialosilyDsilane (or vice-versa):
increased winesessrilduch t hat the tenperature of the reactl on

[0042] "F%é i) 6&@?&5@&%&% d b tgte&aaﬂapsmtmmer ih&l‘l@pfaﬁénm&@r absence
he tetralds(trilial osil pS|Iane

of an ongapicsRIVEt rTh?a‘Pf6§‘F1F>$PI)V§P‘] |3§Yﬁ5§mt’8:ﬁf| @bf‘gﬁ’ organic
solvent\%zltr&ots@ﬁot%éo‘i QRiH thk Qétiwﬂlﬂdw{ﬁhfb)éﬂﬂbﬂﬁnattha diiessnenaunminm

from-10 to 300 C, alternatively fromO to 10 '
hydridegpr therngppenssitang pradyct yrdgpthe condiiohs pf Wsﬁwﬁ?‘geg Fxamples
of smta?ﬂs%ohﬂeg%& ag B@schgé& L P B nh T cd D6 eI for @fpI DI present method.

actors, including the structures of the
[0043] In step (1v) of the present method, the second mixture is dlstllled to remove the
neopentasilane. The second reaction mixture can be distilied at atmospheric or

subatmospheric pressure. For example, the second reaction mixture is typically dlsulled
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tetrakis(trihal osilypsilane and the tenperature. The
reaction is typically carried out for an 15 anount of
time sufficient to conplete reduction of the
WOr2008 @ ¥Bs(tri hal osil ypsil ane to t he neopent XEMTLEHAT/019165
As used herein, the term"to conpl ete reduction”
nmeans the silicon-bonded hal ogen atons originally
present in the tetraki(trihalolsilyGsilane are
repl aced wi th hydrogen atons. For exanple, the
reaction tinme is typically fromO0.1 to 4 h,
alternatively from0.5 to 2gh, alternatively 1 to 2
It, at a tenperature of from20 to_60C,_ 20 [0041]. The
under regpeediREesSHreHt 2 IAEPEPIER BYk SFEAET AR & A9 R d Asdised Berpine the term
==reduc&@ }eréi&e 9 (hdaink b QS YRS ithANBrrloSpHerRipsadksing stk %o Volatilize
6, alternatively from12 to 14, alternatively from
the neqssntaeﬂ:w angwemove i fivst theraagtionjmixture s The prtieylar pggsure depends

on the msﬁhhﬁ& Widder £@R! FoP et RNBGhE Bressure can be from 13.3 mPa to 20 kPa at
tetrakis(trihal osilypsilane ih addition to

a temprrabise of fom Bitrel 00/AGrltematingly drom P tg 6kkRer atamperature of
o o

som 51800105834 B BROSEES bt SRR of fom 20100 .

the distiBatiyotenprratye duaredsesiingbe abwerreng‘#snthetmeq@\a@gem@d@p

volanlf}gﬁ@rggfn& eﬂ&l%g%@&ga%g )ﬂ? wh-gﬁ%. sgfv%ﬁ{‘i's r%QJltV solvent

e an aproti c or ararotlcor ncs
typicallzhbas mhng gomt siectitthatine e&pqs et CO-dIStlll mth the neopentasxlane

[0044]:]5%%?%%1’?‘ an l cﬁ‘sché %zleg tln?e}?ﬁod L &péﬂ ¥1|.1 Qécﬁl@ﬂﬁlﬂ "Yrder or

e neo ane pro uct und
simultamndfslw basexmpl,shptetekis(tihalokibyd)silEraem lmtreated with the

o3 3 0151955 Ay

| nmpmsaﬂpmg |A¢l)emzitntd1se thgy ietrakis(trikalbeilysiline wodericatadwvit the

dnsobﬂtglaﬂf{l%g{dnl 1 'tdg withl &b ¥1§ }nggré % ﬁ%'f %@%ﬁ%'?{ﬁﬁ‘g chrcmove

ure can
the necpgbasiboeps et isdorprals s mnﬁmzw@npb@metnhe oﬁmmed side reactions

typically distilled WO
thatcaé%@ﬁ%@g%ﬁ%%gﬁow 019165 8 under reduced pressure '
[00645]atIf d_eslmab theateopentasiiang pbtained hyHthamt®d@f thspresead invention can be
r e " I- .
ﬁlrﬂterlq)zxgigi'e bg a@ ?Eiagp(;ﬂqqm&%%ﬁﬁﬂtlgfh %8#&)%,’{0?1)&%&?0%3%3%&%% n?typlcaily

I'C pressure su
distilied @ aterhparatutchel lamhml@{g’l C anderandhced posssuriet from t he

| fo04s]! OAS géog?m”}n Htine g%geexﬁ Z{nterng% RbnBhs %%é&ta@ﬁ%%ﬂsa ke of high

purity. pingssticudarg the d@mﬁosmmnlﬁneallvﬂaomnia k336 93% (/=) neopentasilane,

R o ) e
baseddﬁthaltdptalwaiglht/efgneﬁ:ompusmaﬁ to 133 Pa at a tenperature

f f 2 60C , .
00471 I RA o el Senf bR b Rbbbds B BREL BB i iy in
high viklik qu:loaanﬂy,zthd: nenpenfasﬁmmpmntbaseachhyeand@ﬁ@wbscemsub from the

. wWhe I t.. th icall .
i o AR, P38 BR0AE e SR o o s
reactiohdthan émpﬁmhamnbaaml yigld. [AiSd.4he Seapestatilarie)is fivel of salyentf which
can be ?le ro%? %git:%fluf alﬂ)j{gu $x§;bg§p%?{ &?g{%}e etlecttxﬁr s hefd! tﬁurhner the
method edn'lad @irﬁéd 61I:th=ﬁbﬁﬁtﬂc§m§ Mhﬁﬁﬁstomhmhﬁenﬁcf aabad oniohly stight excess of

[ obu n rid illation
aiisobigyla R IR NI duRer, e PO seblsf e S8l
nmnuﬁ&hh&@n@bbaﬁjy, t he tetrakls(trlhaI03|IyI)S|Iane can

be treated with the diisobutylal um num hydride wth
concomtant distillation of the reaction mxture to
renmove 15 the neopentasilane as it is fornmed, thus

m nim zing the occurrence of unwanted side reactions
that can dimnish purity and yield. [0045] If

desi red, the neopentasil ane obtained by the nmethod of
the present invention can be further purified by at

| east one nore distillation. For exanple, the
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25 high yield. Inportantly, the neopentasilane can be
readily and efficiently renoved fromthe reaction
~mxture by distillation. This separation mninizes
- WOt2qe8/9¢28r r ence of unwant ed si de reactions t R&I/US2007/019165
dim nish purity and yield. Al so, the neopentasilane
is free of solvent, which can be deleterious in
certain applications, especially in the electronics
field. Further, the nmethod can be carried out
economcally with a stoichionmetric anmount or only
slight excess of 30 diisobupyl al um num hydride. Still

further, the nethod can be scal ed %g quonner0|a
[0048] né[ﬁ@fng@pqﬂtqsﬂ@nfbp% gresenhjpyention can as a precursor for the

fonnah%g Q@éﬁ%&%gﬁ%ﬂggﬁﬁy é&zl%@ﬁl&, &1ﬁ9&8&:arfﬂil@ and silicon nitride, by

neopent asi | ane o the present invention can be used
chemicgkorphypisel yaper denssitioRe f orrnati on of

silicon-containing films, such as silica, silicon

car bide, and silicon nitride, by chem cal or physica
EXAMPEESr deposition. 5 EXAMPLES [0049] The fol |l owi ng
[0049] "lélié%ﬁéwﬂf le% gregt%téd%tﬁlﬂﬁeﬂ iihstedd Bleohlh@sition and

conp05|t|o an the present invention, but
methodapfthe presens lmeen@onsw arecpt 4e by considener elamitigehe fuygotion, which
is delu&’?éﬁﬁ by 12 s8RLWIN g%tliﬁ.ﬁs @_Intieg;g ol RWnBEACLIR piTEs addPiRBtages

erw se not and percent ages reported
reporteiiiin teexampinslasbn mxgbfy ’\I\br lowitg wethoids onsl myteralsivers
.were 10 enpl oyed in the exanpl es:
mnpkn%?g?on ﬁﬁ péctra [ 0050] Proton nucl ear nagnetic
resonance spectra (1H NMR) of neopentasil ane
Proton pOviBSBpettons were obtai ned using a Varian VXR 400 MHz

[0050] NIPébidnSReIehf ﬁﬁgﬁ@io redi@n&odpetes (1 NMR) af hddippniasilaae

di,ssol ved  in - I.n NMVR t ub
compOFHGRTETS q’ﬁﬂaﬂ%{ ‘é‘im%? %ﬂ %ﬁﬂg Sﬁéﬂ% SBEGtpmags) g samples
~0.2 n(@))w&%msfskﬁ;@d 1401 [ONRL OF BERIRE-GRNi8 ah NMRI thiBe Rivilok BBuneter of 5
per mllion (ppm, neasured relative to benzene-4. .
mm. TGash&hicansdtiifh gahield)Yesercin the ometples £0 if Gaif14f parte per million
nts_of neopentasilane conpositions were
(Ppm)’l“b"g‘g F&F@G“Y%ﬁoﬁif a‘gﬁ chr omat ogr aph- t nass
spectromnet er conprlsed of an HP 6890 gas

chromat ogr aph, equipped with a DR-1 colum (30 m x
Gasclggsawmaphbfﬁﬂessr%@@@omn HP 5972 Mass Sel ective

[0051] Def‘}fécéo%pogdﬂtg T’H%p?en{\ﬁﬁacn Jsﬂiﬁ& %Jerc {éRiified using a gas

tenperature was hel d at i ncreased
chromategraBiongss spectromegias cgmpm_s@i @}w B 68391 ) &S lrematosspb, eguipped

with a D1 2ok (30 m x 0.25 mm), interfaced to an HP 5972 Mass Selective Detector

Quadrupole Mass Spectrometer. Oven temperature was held at 35 ©C for 4 min., increased to

250 ©C at a rate of 152 C/min., and held at 250 °C for 5 min.

{0052] Hexachlorodisilane, 99+%, was prepared and purified at Dow Corning Corporation
as a by-product in the preparation of trichlorosilane from gaseous HCI and silicon.

{0053] I,4-Diazabicyclo[2-2 Z]octane, 98%, was obtained from Aldrich (Milwaukee, WI)
and used as received.

[0054] Diisobutylatuminum hydride, reagent grade, was obtained from Aldrich

(Milwaukee, WI), and degassed under vacuum for 30 min. prior to use.

Example 1



10

15

20

25

30

25 [0052] Hexachl orodi sil ane, 99+% was prepared and

purified at Dow Corning Corporation as a by-product

in the preparation of trichlorosilane from gaseous

WOHREB/AsHds si | i con. [ 0053] : PCT/US2007/019165

1, 4- Di azabi cycl o[ 2. 2. 2] oct ane, 98% was obtained from

Aldrich (M| waukee, W) and used as received. 30

[ 0054] Diisobutyl al mi num hydri de, reagent grade, was

obtai ned fromAldrich (M| waukee, W), and degassed

under vacuum for 30 mn. prior to use. Exanple 1 WO

2008/ 051328PCT/ US2007/ 019145 10 [0055] A sol ution of

0.23 g of 1,4-diazabicyclo[2.2.2]octane in 2.5 nL _of
[0055] dilesaiytioneffb?3 amé I&d@@aabaméqiz&izomq Bgen mlgoddigthy! ether was
added L?fv%gf'wﬁtgébnrfg 230 %kadi® %t?ﬁ@ bRy Heghdnii8dislar i830I0LmL. two-

-néck round bottomflask, wth stirring. The _
neck ropnst bottem sk viftosiiraing o The anigtuge s ellgrctio stand undisturbed

. overni ght,,. .during _ whi i me a.precipitate.fqr
overaighy chunfd e e Mhositofits BC TRl 858 pedhTBog oC undera
pressurd o8 1BaP4 fok 7 holi@utbd $ive0l If g 6f tkik8kig(tithlorosilyl)silane as a white powder.

tetralds(trichlorosilyl)silane as a white powder. ‘
2981 NIRsan\GR-MiScroalysivsoafiamyd the ideniity phig Profick.dent i ty of

t he product. Exanple 2 [ 0056] A solution of 3.93

g (6.94 mol ) of tetralds(trichlorosilyl)silane in 21
ExampR 2. of 10 dii sopropyl benzene was added under dry

100561 i SAHA0 b3 4 s k6. 08 mind o LR f¥orosityDyilane in 21 8 ml of

diisopreptleerganthwehadded hadexdyyarigegandodfl . itk (A$-Rmpmel) of

i ; | X oY)
assoin ARG R34 B0 00t 0800 £ G0t g ot e
mixturd RERENeE leisthanl B@ o1 A fidrahs\Bddifibie wabh eahpleienathedhiXtige was stirred .

under a pressure of 1.3 Pa and the volatile
for 1 h gloepomtempsraee e The Intixtire wap thea heated at $QHC pmder a pressure of 1.3 Pa

and the%%ﬁ@ %ﬁ?&%&t@%@%ll&f?& ifla dold (tég%I\Hé Wind@nsate contained 0.81 g
neopentastlane, 0.61 g (41% w w) of
(54% wfiv) obpeansytablaneefé] sdd %owoT) of JiBopmpylbersensg: s 0.07 g (5% wiw)

 of othef tlAA0S S dBRaAGLE G REE SRRE 1H MR Bxample 3

Example 3

[0057] Diisobutylaluminum hydride (43.2 mL, 242 mmol) was added under dry nitrogen o
9.93 grams (17.5 mmol) of tetrakis(trichlorosilyl)silane in a 250 milliliter Schlenk flask at a
rate such that the temperature of the mixture remained less than 60 @C. After the addition
was complete, the mixture was stirred for 1 h at room temperature. The mixture was then
heated at 50° C under a pressure of 1.3 Pa and the volatile components were collected in a

cold trap. The condensate contained 1.9 g (93% w/w) of neopentasilane, 5% of other silanes,

and 2% w/w of hydrocarbons, as determined GC-MS and 1H NMR.

Example 4 |
[0058] Diisobutylaluminum hydride (550 g, 3.90 mol) was added under dry nitrogen to 160
grams (0.283 mol) of tetrakis(irichlorosilyl)silane in a two liter four-neck flask equipped

with 2 mechanical stirrer, at a rate such that the temperature of the mixture remained less than

55 0C. After the addition was complete, the mixture was stirred for 2 h at room temperature.
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[0057] Diisobutylal um num hydride (43.2 nL, 242 mmol)

was added under dry nitrogen to 20 9.93 grans (17.5

nunol ) of tetrakisftrichlorosilyGsilane in a 250
WwWOorzs/Gsi28er Schlenlc.-flask at a rate such t h&CT{Us007/019163

tenperature of the m xture remained | ess than 60C

After the addition was conplete, the m xture was

stirred for 1 h at roomtenperature. The m xture was

then heated at 50C under a pressure of 1.3 Pa and the

vol atil e conmponents were collected in a cold trap.

The condensate contained 1119 g (93% w w) of

il 5% of h [ .. 25 d 2% WkW-ef.-
e vy pep e o o S S D e T on
apparatus tb Bpozﬁxke Iy igstﬂ*i’iébd;yérﬁs_ﬂﬁilé] UThdydcidiiee probeduge was Seatst four
was " added under

s ry mtrogen_#o 160 grans (0.283 nol)
more tinads toobtain 8 igtak oI 0@ FNePpFtesiaite in a two liter

[0059] ffﬁ‘c{ '&?%hwﬁih&%%&%d&ﬂ%%%@om backeté@ ehasibqapped with a
st ?e , at ante such that_the tenperature. of th
hormocnipleymaiesivestinber, med -5tAgs Pl9ersbay ARRIEHOR (Ol ASE AFY

: conpl 6‘2’513'“%%5 B3 15 dht PRk £1Q7°2 tindek vaan (~6.6
mmge"rwgﬂi?e RPtT e Sl pysen 17 US2007/ 019165 11 Th
KPa). Affiex {5 peof\dsiluieswad dodldctad, e reseine vies phangarppd e

___ Uusing_a short path disti Lon apparat us :
distillripn FRbio<R A3 AT BHFEY (10 DACRERERASY ol LADES GO,

-

* CgD, %EG.QW(EQH%%?S&H@J )i 08S (bs, ) MR(GROCH), D22, PhH3), 3.20-

I “neopentastlane. 100591 The neopentasilane was _
3.70 (e, lﬂri]&{l)?ﬂ.ﬁf(s,léﬂiﬂﬂs_MD-ﬁﬂé%@@gBS@dkﬁ;ﬁﬁu?-b% &a, AF H), whege the
t hermocoupl e, magnetic stir bar, and_5-.stage )
multiplicitive A5 AR{ngR 86 AHIRT BriteBFiniPIH For I porgRlg; and br.
bmadantB.e é@@ %B hASits 8P @ie \W8spdiitibh Wepsidepifiatby GE-Mass $pasmetry.
a u

der vacuum (-6.6 kPa). After 1 of
The purity $ifithd airepositiorcweid @idudated ubiog ﬂwetageq*edf\g@%éﬁé SRfEEum as
’agflb?OPti nued distillation produced 158 g of high
shown ig 130§ 11 97 10§ neopentasilane. 111 NVR (400 Mz, -
CeD6, 8): 0.10 (t, (H3SD3Si H2CE13), 0.85 (br s, CGH),
1.25 (m CH, 2.12 (s, PhQL_13), 3.20- 10 3.70 (c,
Si-H), 3.45 (s, SKS/113)4), 3.89 (q,
(H3S1) 3Si Met 12)), 7.10 (m Ar H), where the
- multiplicities are defined as follows: s, singlet; t,
triplet; m multiplet; c, conplex; and br, broadened.
The conponents of the conposition were identified by
GC- Mass Spectronetry. The purity of the conposition
was cal culated using the integrated 1111Nl MR spectrum
as shown in Table 1. '
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N.O encr encn 00 WO

20081051328PCT/ US2007/ 019165 13 That which is cl ai nmed

is: 1. A conposition conprising: at |east 93% (W w)
woabosnsoent asi | ane; not greater than 5% (w WPCIfUSONT®L19165

silanes; and not greater than 2% (ww) of '

hydr ocar bons. 2. The conposition according to

claim1, wherein the conposition conprises at |east

97% (W' w) by neopentasil ane.

13
That which is claimed is:

1. A composition comprising:
" at Jeast 93% (w/w) of neopentasilane;
not greater than 5% (w/w) of other silanes; and

not greater than 2% (w/w) of hydrocarbons.

2. The composition according to claim 1, wherein the composition comprises at least

97% (w/w) by neopentasilane.

3. The composition according to claim 1, wherein the composition comprises not gréater

than 3% (w/w) by other silanes.

4. The composition according to claim 1, wherein the composition comprises not greater

than 1% (w/w) by hydrocarbons.

5. A method of preparing a composition comprising neopentasilane, ihe method
comprising: : . '

(i) treating a hexahalodisilane having the formula X3SiSiX3 wherein X is ~Cl or —Br,
with a tertiary amine catalyst to produce a first mixture compﬁsing a tetrakis(trihalosilyl)-
silane and a silicon tetrahalide; '

(ii) separating the tetrakis(trihalosilyl)silane and the silicon tetrahalide;

(iii) treating the separated tetrakis(trihalosilyl)silane with diisobutylaluminum hydride to
produce a second mixture comprising neopentasilane; and

(iv) distilling the second mixture to remove the peopentasilane.
6. The method according to claim 5, wherein the hexahalodisilane is hexachlorodisilane.

7. The method according to claim 5, wherein the tertiary amine catalyst is 1,4-
diazabicyclo[2.2.2]octane. '



3. The conposition according to claim1, wherein the

conposition conprises not greater than 3% (ww) by

ot her sil anes. 4. The conposition according to
wochaeomn ks wherein the conposition conprises ®EI/US2007/019165

greater than 1% (w w) by hydrocarbons. 5. A net hod

of preparing a conposition conprising neopentasil ane,

t he nethod conprising: - (i) treating a

hexahal odi si |l ane having the fornula X3Si Si X3, wherein

Xis -C or -Br, with a teygiary am ne catalyst to

produce a first m xture conprising a

tetralds(trihalosilyl)- silane and a silicon ; .
8. Tietmeahall adwrding to laih 5s whereint thegongratration of the tertiary amine

t ST v n o
catalyst fsgi-{ré‘glgglﬂ(t&ref;g%%%i e ICIt ?ggt“i%% t%ﬁgle?e%ar at edﬂane

tetral ds(trihal osilypsilane with diisobutylal uni num

dride, to pr.oduc . m SV 8 carried out in
9. ﬁé&??éﬁ‘fdagﬁcf’aﬁ'é% yoa‘glg& §’%§%}g?r%%%ﬁ)ﬁnﬁ%§i{ @ second
sequentméﬂduf.e to renove the neopentasilane. 6. The nethod
according to claimb5, wherein the hexahslodisilane is
hexachl or odi si | ane. 7. The met hod according to_
10. Theingihad asbRaRigtotdkamt % mtieasiy sepi(ing asdstap (i) afecagriofd out
) di azabi cycl o[ 2. 2. 2] octane. WO . _
simultaneeygly 051328 PCT/ US2007/ 019165 14 8. The net hod
according to claimb5, wherein the concentration of

the tert.| .am ne catal yst. i s.. - 0d: ide to
11. Basmetion SRl ichge g CraRolrafiin bf etk abuitibiig My dride

the t ddsteensifrom Intodai m 5, wherein step (iii)

and step (iv) are carried out in sequential order.

10. The nmethod according to claimb5, wherein step

(iii) and step (iv) are carried out sinultaneously.

11. The method of claimb5, wherein the nole ratio of

the ciiisobutylal um num hydride to the

tetralds(trihalosilyl)silane is from1l2 to 14.

s




