1 Hal ogenat ed pol ysil ane and thermal process for producing the sane The
present invention relates to a hal ogenated polysilane as a . pure conmpound or
m xture of conpounds each having at | east one direct Si-Si. bond, whose
substituents consist exclusively of halogen or of halogen and hydrogen and
i n whose conposition the atomc ratio Substituent:silicon is greater than

1:1. 10 Such chlorinated pol ysil apes (PCS),are known, for anple, from DE
10 2005 024 041H¢&?G%E?E%dzﬁ%gyﬁgﬁaﬁ%la%?;tsffﬁagsPﬁﬁfif? %%F WO 81/ 03168;
US 2005/ 0142046 Al; M SchneipgseducthgVoss &&per das Siliciundichlorid 15
[SiC12]." [Concerning silicon dichloride [SiCl2].], Z anorg. allg. Chem

(1964) 334, 50-56; U52007/0078252A1; DE 31 26 240 02; GB 702, 349; R Schwarz
and H. Meckbach pi@remtem nnSehitdicanchietfbeder Fornel Shadoieratfdoncer ni ng

a silicon gh i f _t.he, f.ornul L1002 r RO xZurany . cahbgun&hem
(1937)%232§O£g%§g§%? ?%esicg%g%e%g?gﬁared,:%n tﬁeugne gané, uIr}reans of a
purel y theeaah reaiciidn,dsudifeds dE86ri BédeStor Séxanpl B8O Fn N%hose

Schnei sser ;B Vossu&hes dasSkhkei uatticthlsaried ] SicGl2]»dlogden anorg. oél | g.

Chem (1964) 334, 50-56_25(Schnei sser_1964), heat | FQUS | osi | anes
with aredu%?%@%%%nt?%?,%&ﬁ§?%§%¥at?%%lyl%idgg?%%pe¢§%5¥§£9%§H7og%§The
hal ogenat ed: pol ¥ sidahessobt i nednarei $icght by greesfieshtyen éwlcol ored,

gIaSSéjgnd hi ghly polynmeric. Furthernore,the literature 30 mxture is
I

stron contam nated with A1Cl13 due to theEE£Sparation

Such c¢hlorinated polysilanes ( are known, for

example, from: DE 10 2005 024 041 Al; DB 10 2006 034
061 Al; WO 2008/031427 AZ2; WO 81/03168; US 2005/0142046
Al; M. Schmeisser, P. Voss "Uber das Siliciumdichlorid
15 [8iClz]x" [Concerning silicon dichloride [85iClz1x], Z.
anorg. allg. Chem. (1964) 334, 50-56; US2007/0078252A1;
nE 31 26 240 €2; GB 702,349; R. Schwarz and H. Meckbach
"Uber ein Siliciumchlorid der Formel S110C102"
fConcerning a silicon chloride of the formula $i:;0Clez],
20 Z. anorg. allg. Chem. (1937) 232, 241-248. They can be
prepared, on the one hand, by means of a purely thermal

reaction, such as described, for example, in M.

Schmeisser, B. Voss "Ober das Siliciumdichlorid

(SiCl,]<", 2. anorg. allg. Chem. (1964) 334, 50-36

25 (Schmeisser 1964), by heating vaporous halosilanes with
a reducing agent (Si, Hz) to relatively high
temperatures (> 700°CY. The halogenated polysilanes

obtained are slightly greenish yellow-colored, glassy
and highly polymeric. Furthermore, the literature

30 mixture is strongly contaminated with AlCl; due to the

preparation.

In R. Schwarz and H. Meckbach "Uber ein Siliciumchlorid
der Formel Si:oClse", Z. ancorg. allg. Chem. {1937y 232,
35 241-248, a silicon chloride having the composition
'Si10Cls; is further presented, which was obtained by
reaction of SiCl, with silicon carbide at 1050°C. The
authors describe it as a highly viscous oil with a

molar mass of 1060 g/mol.



In R Schwarz and H Meckbach "Cber emn Siliciunchlorid der Fornel

5i 100122", Z. anorg. allg. Chem (1937) 232, 35 241-248, a silicon chloride
havi ng the conposition Si 00122 is further presented, which was obtained by
reaction of SiCl4 with silicon carbi dezat 1050C. The authors describe it as
a highly viscous oil with a nmolar mass“of 1060 g/nmol. Simlar results are
described by P. W Schenk and Hel nuth Bl oching "Darstell ung

undEi genschaften des Siliciundichlorids (SiCl2)" [Preparation and
properties 5 of silicon dichloride (SiCl2)d ", Z. anorg. allg. Chem (1964)
334, 57-65, V\/no obtain products with nolar nmasses of 1250 (Si 12Cl24) to
1580 (Si 18 1 / mol ol OW,., ViSCo t - Lhke, cyclic
subst ances: I?fMﬂ%c]Eltg Qfé ﬁ%g%%&éé Esem%fl S?ICF]%%{HB%I orid der
Formel Si 'él{n@hc@lmcriglw sf‘lfiacréﬁeéﬁlhmq dénéf tt?é-‘if%‘rsrﬁﬁaaftﬁrbl]jesz anor g.
allg. Chemg,lﬁ}g?@ndgéﬂlo%%s 4X5 ca ,PCS {@f’r@ E%afﬁq_@?psaxtcﬂ oprShettissreport ed.
This is 15 conplete I.nsol ub Buffy,

S. Haydse, °R SW‘ééFOHAﬁgé\WlO@%éiFh ﬂ?égi ELR 1%14‘33%&% \é@é%s Elcream white
solid) is deseni begl;gz;y\/m S’rfl 65, f orned byteing- p26dopesi ngipbl ymeiezati on of

Si4C18 and is insol | cystomar l.ven I fhoachgker and
Julius Ni cRFSE8Ber®T '?IEO Ie| % ggms\ghtt(%ll si'c ?— 28| Cl2 und die
t hernb- - colorless to yellow, v1scous resin- llke, cyclic
substances. '
10

Tn R. Schwarz and U. Gregor "Uber ein Siliciumchlorid
der Formel SiCl" I[Concerning a silicon chloride of the
formula SiCl], Z. anorg. allg. Chem. (193%9) 241, 395~
415 a PCS of the composition SiCl is reported. This is

15 completely insoluble.

In J. R. Koe, D. R. Powell, J. J. Buffy, 5. Hayase, R.
West, Angew. Chem. 19898, 110, 1514-1515, a PCS (cream-
white solid) is described, which 1s formed by ring-

20 opening polymerization of Si,Clg and is insoluble in all

customary solvents.

nd J”f4”s Niekl "iber das Reaktions-

~hEE
larel an Ha i s

In Harald Sc
gleichgewicht S8i + 8iCls = 28iClz; und die thermo-

55  chemischen Eigenschaften des gasfdrmigen Silicium(II)-
chlorids"™ [Concerning the reaction equilibrium Si +
gicl, = 28iCl, and the thermochemical properties of
gaseous silicon (II) chloride], Z. anorg. allg. Chem.
{1953) 274, 250-264 and in R. Teichmann and E. Wolf

30 "Experimentelle Untersuchung des Reaktions-
gleichgewichtes SiCli{g) + 8i(f) = 28iCl:(g) nach der
Strémungsmethode”, [Experimental investigation of the
reaction equilibrium SiClg{g) + Si(f} = 28iClz(g)

according to the flow method], Z. anorg. allg. Chemn.
35 (1966) 347, 145-155, thermodynamic investigations on
the reaction of 8iCly; with Si are carried out. PCS5 is

not isolated or described here.



25 cheni schen Ei genschaften des gasfQrmigen Siliciun{ll)- chlorids"

[ Concerning the reaction equilibriumSi + SiCl4 = 2Si Cl2 and the

t her nochem cal properties of gaseous silicon (I1) chloride], Z. anorg.
allg. Chem (1953) 274, 250-264 and in3R Teichmann and E. - Wl f 30
"Experimentell e Untersuchung des Reaktionsgl ei chgewi chtes Si Cl4(g) + Si(f)
= 2Si C12(g) nach der Stronungsnethode", [Experinmental investigation of the
reaction equilibrium SiCl4(g) + Si(f) = 2Si Cl2(g) according to the flow

met hod], Z. anorg. allg. Chem 35 (1966) 347, 145-155, thernodynan c
investigations on the reaction of SiCl4 with Si are carried out. PCS is not
i sol ated or,deggri bed, Bene. tﬁelnré£b€98n348f thalbeaaéiogaef ehkbrine gas

wth calciumsilicide.in a fluidi ed S t bve. |l ower
per chl or ooFR§6sFRafie ic§d3e§8rﬁb '%% rﬁ?éupgsg orne ‘gfge(\fat!3

unbranchedg@ﬂeacaau@&'otmﬂh@ibawoﬂammﬁxﬂanaﬁ cont aiimsavikydl i cTPES and

conS|st of abgﬁ%agow %%%Q%QE%QQ %hgcg%gghﬁgggélgg 0. L1%:Si 4€140and sl
an

anounts of "&f* e m xtures of these conmpounds are
col orl ess Lpquitdsipegeritiaian nePliR gy cnes wffd- 5 ePEONFEM atf Dy €AC12 due

;gStPEfI p588§§5%oDES§}C?§a%ﬁpEﬁ%CQ?S&ﬁl£&§ltbﬁnM@b chenbcatl preparation of
rom Slség%lG a%noruer?tcstl %r% V%:Egcla{g cat Ayglgcgﬂe The mixtures of
these compounds are colorless liguids, contain no

10 cycles and are contaminated by CaCl, due to the process.

DE 31 26 240 C2 describes the wet-chemical preparation
of PCS from 8i,Cls by reaction with a catalyst. The
mixtures obtained still contain the catalyst and are
15 therefore washed with crganic solvents, whereby traces
of the reactants, the solvents and the catalyst remain.

Moreover, these PCSs contain nc cyclic compounds.

Further wet-chemical processes are presented in

20 US2007/0078252A1:

1. Halogenated aryleligosilanes to be reduced with
sodium and subsequently to be cleaved with
HC1/AlCls aromatics.

25 2. Transition metal-catalyzed dehydrogenating
polymerization of arylated H-silanes and
subsequent dearylation with HC1/AlCI;.

3. Anionically catalyzed ring-opening
polymerization {ROF) of (SiClﬁg' with  TBAF

30 (BusNF) . _

4. RCP of (SiAr,)s with TBAF or PhsSiK and
subsequent dearylation with HCl1/AlCl;.

in all these methods, PCSs contaminated with
35 gsolvent/catalyst are in turn obtained, of which only

the distillable fractions can be effectively purified.



m xtures obtained still contain the catal yst and are 15 therefore washed
with organi c sol vents, whereby traces of the reactants, the solvents and
the catal yst remain. Mreover, these PCSs contain no cyclic compounds.
Furt her wet-chem cal processes are pregented in 20US2007/0078252A1: 1.

Hal ogenated aryl oligosilanes to be reduced with nrH im and subsequently to
be cl eaved with HCl/ A1C13 aromatics. 252.

Transi ti onnet al - cat al yzeddehydr ogenati ng

pol ymeri zat i onof aryl at edH si | anesand, subsequent dearyi ation with
HC1/ 11/ 21C12. BEod¢foni™atliyéat Sﬁyg%ﬂgbnﬁgbje ng etk eralofe Toe

pol yneri zapionf RER) 6f 65 €42) Sowire hr FBAEL306BUANF). 4. ROP of (SiAr2)5 with
TBAF or Ph3Si k and subsequent dearylation with HCl/ A1LC12.

I nal | t hesenet hods, RCSscont am natedwi th 35 sol vent/catalyst are in turn
obt ai ned, pf whisch fondtheatthe st | | abl e presdcticonsSicdh bezepfeeeieel y

purifi%p. pélysilanes via a plasma-chemical process. For example,
DE 10 2005 024 041 Al relates to a process rfor the
preparation of silicon from halosilanes, in which the
halosilane is reacted in a first step with. generation

of a plasma discharge to give a halecgenated polysilane,

10  which is subsequently decomposed in a second step with
heating to give silicon. This known process is carried

out at high energy densities (> 10 Wem™) with respect

to plasma generation, the end product being a not very
compact waxy-white to yellow-brownish cr brown sclid.

15 Spectroscopic investigations have shown that the final
product obtained has a relatively large degree of
cross—linking. The high energy densities used lead to
products of high molar masses, wherefrom insolubility

and low fusibility result. Moreover, this PCS alsoc has

20 a significant hydrogen content.

rurthermore, a high-pressure plasma process for the
synthesis of HSiCly is described in WO 81/03168, in
which PCSs are obtained as minor by-products. Since
25 these PCSs are obtained under hydrogenating conditions

(HSiCl; synthesis!), they have a significant hydrogen

content.

In US 2005/0142046 Al, a PCS preparation by silent
30 electric discharge in 8iCls at normal pressure is
described. In this process, only short—chain oligo-
silanes result, as the author shows by example of the
selective reaction of SiH; to give SizHs and SijzHs by
connecting several reactors one after the other.
35
The behavior is analogous in DE 10 2006 034 061 AL,

where a similar reaction is described in which gaseous



No product mixture of high purity can therefore be obtained fromthe above
reactions. It is further known to prepare such hal ogenated 5 pol ysil anes
via a plasnma-chem cal process. For exanple, DE 10 2005 024 041 Al relates
to a process for the preparation of silkicon from hal osilanes, in which the
hal osilane is reacted in a first step with generation of a plasma di scharge
to give a hal ogenated polysilane, 10 which is subsequently deconposed in a
second step with heating to give silicon. This known process is carried out

at hi gh ener y densi > 10 W wi,t h .resp | a ation,
the end pré&# ct%ﬁﬁ%ﬁ; éﬁ%tfve?y %%ﬁ%% ﬁﬁ%ﬁl lfeiio8 OMF@?géﬂlsh or
br own SO|idon&518@@ﬁtf0$@0pl03;nvé@@l@htLOnﬁlh@m@g§hOWMh¢ha@uth@r$lna

product obtalned has, {el dvely Iarggsggﬁ ﬁfOf 6L 058~dd nkizng.,dhe high
ener gy den es use 0 pro dicts o % masses, wherefrom

Insolubl|ItycaﬁdS@@MI¢ﬂSI¢ﬁ¢thf ré@@ﬁﬁalwbﬁééﬁéprsthF@“P@Stﬁﬁsoo%%s 20 a

si gni f'acanéfﬁ&”ctg?é" BQHE%N oﬁh‘“ﬂ@ﬁ:@ﬁ%l acﬁhgl’bé)r%%?dél’l@ae@' As&Be Pr ocess
for the synthesis of HSi CL descri be in which PCSs are

obt ai ned aéhﬁfnéﬁﬂbyb%r666%¥§1 Stice 2 gmiH%ge ﬁ’ ar%ngﬁ?%?%%ﬁeﬂhder
hydr ogenat irrg gg@dbksomﬁjﬁifﬂiiﬁ&msyn&he$|shﬁpathem.havetmescgmlm$cant

hydr ogen cont ent US 2005/014 0 _ r S nt 30
el ectric d?%cﬁgPégl Eh§VC14¥éY nor %%FAL?egggggaﬁégggs2%%%e3§¥ ?éf
process, omiytehesto@haumaﬂ|gﬁ@r¢®me@0r@suMﬁee@cﬁﬁemﬁﬂW%W“%%OW% by

exanpl,g, of pf he, 5?#@@%3’@ FEachi on-of n phHqLA- 9bM€a§hZh’@ and Si 3H8 by
connectlng Several reactors one after the other.
Besides <c¢hlorinated polysilanes, further halogenated
polysilanes SiyH, (X = ¥, Br, I) are also known in the

prior art.

15
According to F. Heéfler, R. Jannach, Monatshefte fiir

Chemie 107 (1976} 731-735, Sis3Fg can be prepared from
Sis(OMe)s with BF; in a closed tube at =50 to ~60°C
(8 h) in yields of 55-60%. The methoxyisotetrasilane is

20 completely degraded to shorter perfluorosilanes under

these conditions.

E. Hengge, G. Olbrich, Monatshefte fiir Chemie 101
(1970) 1068-1073 describes the preparation of a 2-
25 dimensionally built polymer (SiF).. The Z2Z-dimensionally
constructed polymers (SiCl)x and ({SiBr)x are obtained
from CaSi, by reaction with ICl or IBr. A halogen
exchange 1s then completed with SbF;. Rowever, partial
degradation of the 81 layer structure occurs héere. The
30 resulting product contains the amount of CaCl; specified

stoichiometrically from CaSi, which cannct be washed

out.

The preparation of polyfluorosilane (S51F) is
35 described, for example, in M. Schmeisser, Angewandte
Chemie 66 (1954) 713-714. S8SiBrp;F, reacts with magnesium

in ether at room temperature to give a yellow, highly



5 and liquid PCSs are obtained with Si2Cl6 as the main constituent (p. 3,
[0016]). Although the authors describe that the nolar nasses of the PCSs
can be increased by use of several reactors connected one 5 after the
other, only material can be obtained hgre that can be brought into the gas
phase undeconposed. The authors al so express this situation in the clains,
in which they provide for distillations for all PCS m xtures obtained.
Furthernore, the PCSs mentioned in 10 DE 10 2006 034 061 Al are

hydr ogen- cont ai ni ng. Besides_chl ori pat ed pol silaﬁis, f L%gﬁr hahogenated
pol ysi | ane$oSiviaEy 1CX (S1F2) = grConHo at'y v §or e g?ﬁ xafte 15
Accordi ng tsa,BrHOH:er , bR tdansaehpgbbaatshefteh f UnFehem eg10y (hO76)

731- 735, Si 3E8 can ﬁe pr%ga%%ddfron15i2(owb)8 with BF3 in a closed tube at
-50 to - 60EEERY IR el ds °5f-“55-60% . The net hoxyi sotetrasilane is 20
conpl etely degraded to shorter perfluorosilanes under these conditions. E.
Hengge,- G A lric tshefte f ; 1 (41979) -1043 descri bes
t he pre%argfigﬁ o?egkg$§25@aiths?%ﬁg?ﬁgh%&%ﬁf S%Iyger%igﬁkggs Tﬁe

2- di mensi offiakFy &bnsh r ukt-8d  pol ARSI IS E15Mi akay (Si%Br i %7 ate 6BParned from
CaSLZSg;ézr @agggi QB pWirth ﬂh(;]tl oséiZIE@r geéph@lo@fg@nhﬁxcm]@g@ t5 ther campl et ed

Wi t : wever, partial, degradatio .the Si layer .stru occurs
here. The §6dr§§ﬁPti%§ 6¥Hﬁﬁgﬁgb i g ?ﬂésa ﬁ?mg%ﬁ Cr2 é%@%ﬁfied

st oi chi onetehcakl yotadm=GaSi , whi ch cannot be washed out.
Theprgg?rationofpolyfluorosiIane(SiFZ)xis 35 described, for exanple, in M
Schneisser, Angewandte Chem e 66 (1954) 713-714. SiBr2F2 reacts with
magnesi um Theetemdard ovaithefpei@t ukbst PEPIEchigBl 1Gw, Righy 1%

pol ymeri ¢ ﬁ%&ﬁgixatggrg%&dsem&s $h1@C122, ¢SinfE). randy Si 285t 16 can be

transhal oggnated wth Z0F2 19 OhiS 18 LoTFE3PAnd 0g {LHOTAHES: can
Chemical Society 87 (1965) 2824-2828. Here, (SiFz)x is

15 produced by passing SiFy over silicon at 1150°C and 0.1~
0.2 torr and freezing out the resulting SiF; at -196°C
with polymerization during the subsequent thawing. The
colorless to slightly yellow plastic polymer melts on
warming to 200 - 350°C in vacuo and releases

20 perfluorinated silanes from SiFs to at least Si:4F30. A
silicon-rich polymer (SiF)y remains, which decomposes
vigorously at 400 # 10°C to give SiF; and 3i. The lower
perfluoropolysilanes are colorliess liguids or
crystalline solids that are isolable by fracticnal

25 condensation in purities of > 95%. Traces of secondary
or tertiary amines catalyze the polymerization of the
perfluorocoligosilanes. US 2,840,588 discloses that SikFs

ig formed at < 50 torr and > 1100°C from SiF,; and Si,

$iC, silicon alloys or metal silicides. For the

30 isolation of ' (8iF:)y, the intermediate must be cooled
rapidly to < 0°C. G. P. Adams, K. G. Sharp, P. W.
Wilson, J. L. Margrave, Journal of Chemical
Thermodynamics 2 (1970) 439-443 describe that (SiF2}y is
prepared from SiF; and Si at 1250°C. In & similar

35 manner, according to US 4070444 A (S8iFy). is prepared by
reaction of a perfluorosilane with metallurgical

silicon and subsegquent deposition of the SiFs.



5R L. Jenkins, A J. Vanderwielen, S. P. Ruis, SS R Grd, M A R ng,

I norganic Chem stry 12 (1973) 2968- 2972 report that Si 2F6 deconposes at
405C to give SiF4 and SiF2. By condensation of this internediate, (SiF2).
can be obtained. 10 The standard nethad for the production of (SiF2)" is
illustrated, for exanple, in P. L. Tinmms, R A Kent, T. C Ehlert, J. L.
Mar grave, Journal of the Anmerican Chem cal Society 87 (1965) 2824-2828.
Here, (SiF2)" is 15 produced by passing SiF4 over silicon at 1150C and

0.10.2 torr, and freezing. out the.r i i.E - i thy

pol ymer i zatEpflSﬁmSErYisﬁa the g%%sg)cﬁ}" n L%h%\%gﬁg.se%hgé%%i or: ejémststl%lgloflght ly

yel | ow pl asfi c hpghygmer prelity orihaar mitHee t 05 290t ing50TatATrdaéuo ARG rel eases
20 perfluog, iilanes £ om SHE4 4103 ad0d easty 1R1ARRD. sév-sddi gen-rich

pol yrer (st??EEgnﬁ?@%\%ﬁich deconposes Vi %or,od"sl y .at ,4500 10C to give

Si F4 and SPurTReCPBWeR - pefilLu6PBpoFy&F| aReETtar-8ScoRor"ess™ i Gdi d§or
crystald i n%mﬁ@'ﬂ@ﬁ t hat-cakeciiseliabl ey frachbopaks2hceondessati en in
purities of > 95% Traces o condary or.tertiary am t.al yze the

pol yrer i zat FBRSGF “the°perfl L]o[?{goﬁ(’)i gosi 1A U Z%Kﬁr)g“gcg% ?f?ls%'osgs t hat
SiF2 is forordeatasibl bdr rthandrodl@0CI£$ onnSItFd andh St BE&Issibi con

al l oys or t al Lcides ..the .30 A sqlatd Ofs (§F2)isiLbhespnternedi ate
must be co %ds?%%}g}lggt 816588.&?%9%’1 I%.:El ch%ansdé)s% GS ,Shlgr pj,” JI“D V\:IL W son, J.
L. Margravéirdburfmalctefoncherh thd THEr mrfiEh 68§29 C¢ 297030 UER W3 escr i be
that (9 F2)5,h81pr ega&gd flEom Si.F4 angSi1 atqd258ss1niansi ofl achd5 manner,

according to US 4070444 A (Si F?% o&s recgared b reactiondoflia Lid
per | uor osPPRWESHI ta a4l | Ur gf 24l © sifti ¥OH Shd BUsEetuent “depoition of the

Si F2. 7 Thernohysisaoédt hel polager whélebaseseel Enent alecsitbosen! ofchi gher
purity than.the starting n%ﬁrLagg T{ge process disclosed in US 4138509 A
|i kewi se s&tVesStorPurfrication. SiTicon that contains al umi numas an 5
impurity is reacted with SiF4 in the presence of 5i02 at tenperatures >

L100C in ofder sb0sproguce; Sidizss i cogdensationrof dthe groductigassin to
stages leads to the selective de}c)05| tion of the gaigous, i mpur #I es in a
first fractemperahiFe. t ReFsetBRACFr 4ctior cohli &f's 76 F 94 g Pure

(Si F2) x. Therpele deconpasid:iomgf, the: pol meforatent0Q - 300C produces
gaseous and |iquid perfluorinated silanes, which are then deconposed to
give silicon at 400 - 950C. 15 FI 82232 B discloses a reaction at even
hi gher t enpiesat urieaiSi FoesactsimitedSi palani Mnpbasnard| ankcrtedi ve SiF2
(0.8:: O”‘D'%C 7§‘V&§1ﬁ€2t8°ﬂt. eaL ) soRhORL - GRAI, RET bRl £dendus 151
pol ysi“l"ane ar ef or med ‘ , , )

(1911} 1055-1057. An electrical discharge 1in gaseous

HSiBr; produces SiBry, S51:Bre, SisBrg and 3Si4Brig.

K. Hassler, E. Hengge, D. Kovar, Journal of mo;ecular
25  structure 66 {1980) 25-30 prepare cyclo-SisBrg by
reaction of (SiPhs)s with HBr under AlBrs cataiysis.
In H. Stiger, P. Lassacher, E. Hengge, Zeitschrift fir
allgemeine und anorganische Chemie 621 (1995) 1517-
1522, SisBryH is reacted by boiling with Hg(tBuy) in
30 heptane .to give the corresponding bis-cyclopenta-
silane SigBrig. Alternatively, a ring linkage of
SisPheBr with naphthyllithium or K or Na/K in various
solvents can take place with subsequent halogenation
with HBr/AlBrs;.
35
Perbrominated polysilanes are described, for example,

in M. Schmeisser, M. Schwarzmann, Zeitschrift fur’



20 according to A Besson, L. Fournier, Conptes rendus 151 (1911)

1055-1057. An el ectrical discharge in gaseous HSi Sr3 produces Si Br4,

Si 2Br6, Si3Bre and Si4Br10. K. Hassler, E Hengge, D. Kovar, Journal of

nol ecul ar 25 structure 66 (1980) 25-30 prepare cyclo-Si4Brs by reaction of
(SiPh2)4 with HBr under Al Br3 catalysis. In H StUger, P. Lassacher, E.
Hengge, Zeitschrift fU allgeneine und anorgani sche Cheme 621 (1995) 1517-
1522, Si5Br9H is reacted by boiling with Hg(tBu2) in 30 heptane to give the
correspondlng bi s-cycl opentasil ane Si 10Br48. Alternatively, a rln% | i nkage
of Si 5PhoBNatiuf arasttingl |1 i dMPSE) K DI N K- | AlvartusesBlvent £can take

place wit hMg;U %{Bh hal ogesati-on; wi mllﬂangeBﬂ;’er 35w08phlats@@f argchung 11b
(1956) 278-282. In e reactl on o I\%turnl n 534 i_n _boi.li ng et her
two phases f&F&For néde t HEWGwerCof Wi ¢h CS %1?%13 of gRES M oni de

etherate amgf3icBr) ¢ thmute tdved upER phasewhident ehas W2 dirssel ved in

et her d smal | .anmoynt rsiljco ( C be
purifie fo\%?ﬁlnﬁg%%sﬁ? et stpi C{e irlgega(g:'éciﬁ(%% (b)aTncHSn %(?%M\“/aggrgﬁ\}/l\nttshggi at
1200C and |lmweacmlprcc¢ducei$b~bbmmld®$| t IS8 Brgi-Bregyr bahpurified by

hydrol ysi s; sensi, mt%lu%%thaélce e r@@&*&:{yoﬁ%@bls%%? '&er@@nZ@ﬂﬁ @ﬂd nost
non-pol ar sol'ven I'n vacuo, the Gyuq deconposes, fr

0
el i m nati oﬁtof12§|02°§r @ﬂdAtlﬁSST@@U(OSlFBﬂ eeff’rﬁ?%%wnff Lﬁ¥h‘%*ff@va§%flﬁ62 t*0 550- 600C

leads to ekgaenighr$i}d CoMeddit Svor esumdrome t he hasidi of tsbeu@dled

lubility that (Si B ts 15 f t Th
rsnc))l gclu]idar y\%v@l : (Zfé}e;r%?%;f%g%lﬁsdfo%bno% %Oaahvgaggrsrﬁargéga { e%lh%Sl Br 2)ex

reacts w tbolvgmem etihepmbo sgisve f(rSinBr 4 UB)T . \EJEtIQSSﬁlAmBHIBitkéW sérdi scl oses

a reaction @ty h| gh,te ur Si Br 2 VAPOL - i S, 038 through
silicon gri PE2i 20 {t/a(r:rjt]%ég{i3 l(gsoloéglfoogéﬁ?rgﬁﬁfy f(Iyl Si Br 2% resulsnteggI in addition

to some Si 25@660ﬂ690ﬁ€ﬁdﬁ6tpo M Rslerl Chaewandf eP EREHTEI66™ ( 1954)
713-714, ippadditian 4o {3 Bidod aksoubt 226 amd of urditer,) g5c@hsgessl anes

such %%SSI%EB%%G ?ggggoszdre t?gé%gg.cglé% Br%hgnzggfggﬂE SI 8gt115oc
determination of about 3000 appears unreliable. (SiBra)x
‘reacts with Mg in ether to give {8iBri selx. DE 955414 B
likewise discloses a reaction at high temperature. If
SiBr, or Br, vapor is passed through silicon grit in
50  vacuc at 1000-1200°C, mainly (SiBrz)y results in

additicn to some SiBrs.

+o M. Schmeisser, Angewandte Chemie 66 (1%934)
713-714, in addition to (SiBr)x also Si:Brg and further
25 oligogilanes such as SioBrig are formed by action of

SiBrs on elemental Si at 1150°C.

Tn US 2007/0078252 Al, the ring-opening polymerization
of cyclo-SisBrye and cyclo-S5isIip by action of BwWNF in

30 THEF or DME 1is claimed.

For example, E. Hengge, D. Kovar, Angewandte Chemie 93
(1981) 698-701 or K. Hassler, U. Katzenbeisser, Journal
of organometallic chemistry 480 (1994) 173-175 report
35 on the production of short-chain periodinated

polysilanes. By reaction of the phenylcyclosilanes
(SiPhs), (n = 4 = 6) or of B3i3Phg with HI under All;



In US 200770078252 Al, the ring-opening polynerization of cyclo-Si 5Br40 and
cyclo-Si5llo by action of BudNF in 30 THE or DME is clainmed. For exanple,
E. Hengge, D. Kovar, Angewandte Chem e 93 (1981) 698-701 or K Hassler, U.
Kat zenbei sser, Journal of organonetalligc chem stry 480 (1994) 173-175
report 35 on the production of short-chain periodinated polysilanes. By
reaction of the phenylcyclosilanes (SiPh2)n (n - 4 -6) or of 5i3Phe with
H under AII3 9 catalysis, the periodinated cyclosilanes (Sil2)fl (n =4 -

6) or 51318 result. M Schneisser, K. . Friederich,  An te, Chem,e 76 5
(L064) " 782°abSLFPbis v&FPodE FOUTHE TS THEl B ARAPSE oo af befT odl fat od

pol ysi |l anes. 6{ Sbt2¥i;TesuwlstsSti.n about 1% yield on passing Sil4 vapor over

el emental silicon at 800-900C in a high vacuum The pyrolysis of Sil4 under.
the sanme conditions yields the same very hydrolysis- 10 sensitive and
benzene- soMubl écipredsser . OnKt heF et ®Ri6h, a JrefransdtRar GESBASS 4 vapors
in a high yaggum 78,Sld«hy mrphous; s yebhewsr eddi sthsi breparsubohodi de of
the conposition (Si12.2). insoluble in gl I, cystomar So ven]tos T;ES pbt ai ned
with a yi ePd BPrE0dtR2Y70% PBA¥Ed-$8%8n ﬁﬁ&y.xﬂﬁ%%%/m ySi &§°6Fthi's
substance @fe2200h0 390G i aibi ghapacuumd eads etnengadard:ristbr( Skt 2) .,

si mul t aneo ,ng_Sil4.and 5i216. The. c ) . Pr opekti-es he
conpounds %@#Té§59¢hg§ bt dihe %ﬁﬁéﬁﬁcﬁb% %ﬁ%%%?é%gr8?hgagélag??%ty in
benzene. Thiee 2Gapyr obysi st béng Sivid)ldsat tBE0GMe a isixgh Véduohyaifords Sil 4,
Si 216 .and - : [ e.50l,i-d c0f, L8, GOMeSI thON2(Sid) . o (Si 1 2).
reactéﬁhﬁtﬁg%%{%$?§e£§§ B?%%%%% Sg?&ggﬁ fp30C and +25C tov%jve

benzene- sof ulslle v %eecki TR o subt hal Y8BSTSuch” ag (BH&1I VoAid (SiBr1).. 25
At higher {epperatureshotiie SieiSiowhaldsi @t estleaved dyn-chidrdsecdr bronine
wi th sinmultaneous conplete §§bitg§ution oé &hg iaqgn 11CoppouNds.. f the
type S i nX2rR2 CERPOS G For (XT22¢)x n TR EWPeF XL Bl are obtal hed.
(Si12). reastsecoaplet elbyadirtchl ivadimeaatyi®d.d coB0820Ca W & bopds¢dbe to

gi ve 5i.l4 and 5i.216. The Jnvepti IS t Bjoect , of
creatgﬁg hal’ddéhat ed po §§?ﬁ§%350#§?hggﬁfiespﬁggggggd,yﬁhgqh i s

parti cul ar230 f@adinl yasdiidil evaggum leads "to a dark-red (Silz)x

simultaneousl forming SiIy and Sizls. The chemical
properties of the compounds {SiIs)y thus obtained
coincide - except for the solubility in benzene. The

20 pyrolysis of (Sil.)y at 350°C in a high vacuum affords
5iI4, SizIs and an orange-red, brittle solid of the
composition (Sil)x. (8ilz)x reacts with chlorine or
hromine between -30°C and +25°C to give benzene-soluble
mixed silicon sub-halides such as (8iClI), and (SiBrl)x.

25 At higher temperatures, the S5i-5i chains are cleaved by
chlorine or bromine with gimultaneous complete
substitution of the iodine. Compounds of the type
Si.Xpmp (n = 2-6 for X = Cl, n = 2-5 for X = Br) are
obtained. (Sil.}y reacts completely with icdine at 90 to

30  120°C in a bomb tube to give Sily and Si;Is.

The present invention is Dbased on the object of
creating a halogenated polysilane of the type
indicated, which is particularly readily soluble and
35  fusible. Furthermore, a process for the preparation of

such a halcgenated polysilane is to be provided.



35 fusible. Furthernore, a process for the preparation of such a

hal ogenated polysilane is to be provided. 10 This object is achieved
according to the invention with a hal ogenated pol ysil ane of the type
indicated in that the polysilane consigis of rings and chains with a high
proportion of branching sites which, based on the total 5 product m xture,
is greater than 1% has a RADI AN nol ecul ar vibration spectrum of 1100/1132
< 1, where 14(x) denotes the Ranman intensity at 100 cm 1 and 1122 denotes
the Raman intensity at 132 ¢cm 1, and in fhe 29Si NM. s ecéraﬂhg§t'ts

si gni i canfpP oBBEECEI §HalPSR VERe 2E6 ‘%aﬁosﬂ??tl?gﬁﬁ “f

rom+23 ppmto
-13 ppm f5ORR13:GpRmMCHO pBY yifmnanc 1 r ohe - Ty oppnirtdi c@3ppm Thet29Si NWR
spectra were recgrdeg on a %§36@§%8§Pg ratus, 0 5g5aggu5§{hquhg§9 type

with the ptf§eP?5Y8&4d8Rc& 7g3¢ ‘referenced agal nst tetramethylsilane
(TMS) as theopxteinal oft hmdactifg(298ep ¥hd. @], Hheedcoui §i¢i oAt par anet ers
nere are: ID 7,32k, 80 5.1, 65265, blatcld SniS = 2400;201P = 2dlly SW -
400. 20 Th %i N nol ecul ar vi bration ngctra wer e d%terq%ned fﬁth an XY
800 spect ropbeer 1 #¥ ofi-BIrFSA O SREAT IS dbf eftaédiszexcitat V8T { T- $4pphire
| aser, pun@ggQ?%Sﬁfhgpgah@?eﬁht@méiﬁgﬂgﬂﬁalOgﬁsﬁﬁiandilﬂﬁinegnehgg

m croscope, W i quid_nitrpgen-co et e : SEHA:N

t enper at ur Eeqaar o +8bitte efﬁiugé? é%%f%af?gﬁ %éve:engtﬁg %ﬁ t he

vi si bl e spesétatarange, it ersighiidiSBnt53 pmacaad 750 9Rml sThénhat dgenat ed
pol ysi l.ane_f orned. a [ SQ 3 Nventi en IS prepar ed- usi Nog
consi&é%ab?@emﬁ% %e%ﬁgggnggF%%n??%ihan deggﬁibed, for exanple, in

[ Schiei sseppri964] . ThB seabaasdt FaeMt né3r BAGt £6n~PS EBFried out at | ower

tenperature and el evated pressure, whereby an
The 2%g1i NMR spectra were recorded on a 250 MHz
apparatus of the Bruker DPX 250 type with the pulse
15 sequence 2zg30 and referenced against tetramethylsilane
(TMS) as the external standard [5(*°Si) = 0.0]. The

acquisition parameters here are: TD = 32k, AQ = 1.652
s, DI = 10 s, NS = 2400, 01Pp = =40, SW = 400.

20 The RavaNn molecular vibration spectra were determined
with an XY 800 spectrometer from Dilor with adjustable
laser excitation (Twsapphire laser, pumped by Ar ion
laser) and confocal Raman and luminescence migroscope,
with liquid nitrogen-cooled CCD detector, measuring

2% temperature equal to room Cemperature, excitation

wavelengths in the visible spectral range, inter alia

514.53 nm and 750 nm.

The halogenated polysilane formed accoxding to the
30 invention 1s prepared using considerably "mildex"
conditions, than described, for example, in [Schmeisser
1964]. This means that the reaction 1s carried out at
lower temperature and elevated pressure, whereby an
excess of 8iXy (X = halogen) is present in the gas
35 phase, with which the SiX, formed can react with
insertion into the Si-¥X bonds. By means of this, the

degree of polymerization of the SiX, is reduced, whereby



excess of SiX4 (X = halogen) is present in the gas 35 phase, with which the

Si X2 forned can react with insertion into the Si-X bonds.

By

means of this,

t he degree of polynerization of the Si X2 is reduced, whereby 11 a liquid
and better-sol uble product results. Mfigover, the conversion rate is

i ncreased, whereby a technical preparation process is obtained. 5 The

pol ysilane has a slight coloration fromdull-yellow to yell ow sh-1ight
brown and is not glassy and highly polyneric, but oily to viscous, which
shows that the degree of polynerization is conS|derabI | ower . The

pol ysi | aneai st i@wgshphies ?85§?5ﬁ§@lﬁ?%?uﬂ§QH%QFaﬁ%f%ﬁ% 10"REEAY SFasses of
up to about,200Q. g ymls:dherdegr ee ofndreanchiing was gt ex mcpetnbya29Si NWVR
spectroscopy. |t was di scovered, hergathat t he hal ogenat ed pol ysi |l anes

prepar ed UBTREZEREHF0EESSEFE 4Ech

?ﬁ&'td t he invention have a high

cont ent of branched short-chain and cyclic conpounds, their branching sites

having LenbilAiting oL gfal Jmad hecocioﬁz%stwﬁnf%dm Fheabranchings in

the 29 Cafe-d&én “herein fromb -

to 20 - 93 ppmyam@qmdrwi@ﬁprww §§é1ctlr% BPCt Wéaﬁﬁlyyséi“l‘

i

pmand 5 -
E%gﬁéﬁordlng to

the invent }é% yRLear resonapces ale s$eemolB,t hasecH egh@mg Hee high cont ent

of branche

thernodynaﬁ?@éﬁﬁy Fror P9 BT bt 1 Han Hal GQaE

polysilanes js thus 25 related to 4&{ ct hat t he gatter are
o P&ﬁég halF
ysi ving

unbranchedpgmygm§aa@d1bhe;e&@mﬁﬁaxeéebabhmc@ewmxxunetwmimh&Vﬁahgeeactlon
t hat proceedfanear to th theEan%ngglggﬁqgvhggrlun1 The content of

r masses O

The degree of branching was determined by ?°Si NMR
spectroscopy. It was discovered = here that the
halogenated polysilanes prepared using the process

15 according to the invention have a high content of
branched short-chain and cyclic = compounds,
branching sites having a content in the total mixture

their

of more than 1%. The branchings in the 2°Si NMR are seen
here in a range from & = =18 to -33 ppm and & = =73 to
20 -93 ppm. In standard “°Si NMR spectra of the polysilanes

according to the invention clear resonances are seen in

these regions.

The high content o¢f branched polysilanes

is

25 related to the fact that the latter
thermodynamically  more favorable than halogenated

polysilanes having unbranched chains and

thus

are

therefore

preferably result in the thermal reaction that proceeds

near to the thermodynamic eguilibrium. The content of

30 cyclosilanes was . also determined by %51
spectroscopy and additionally by RaMAN speclroscopy (see
below), where it was seen that a relatively high

content of cyclic molecules is present.

NMR

35 The halogenated polysilanes formed according to the

snvention further have a Ravan molecular

vibration

spectrum of Ti00/ 132 < 1. In particular, weak Raman



30 cycl osilanes was al so determ ned by 29Si NWR spectroscopy and
additionally by RAMAN spectroscopy (see below), where it was seen that a
relatively high content of cyclic nolecules is present. 35 The hal ogenat ed
pol ysil anes formed according to the inyention further have a RALVMAN

mol ecul ar vibration spectrumof 1100/1132 < 1. In particular, weak Raman
12 signals in the range from95-110 cm 1 occur in the | ow frequency range,
while in the range 120-135 cm 1 significantly stronger Raman intensities

wer e neasured 5 For | anation_of t ttentio y. be I to the
fol | owi ng. STHQBFétﬁEblgﬁgaﬁ?ﬁﬁ? ﬁgnﬁ%%%jéglculatfgﬁggfgf %gg 186

hal ogenat edrpaliyaikanesnglkow, wWhtler almna, thﬁtemﬂm@@tﬂﬁﬁQnﬁ%ﬁls¢mc
vibration udes oL bet yeen 120 -Gmilgnd 138 Lo Sugh £aldtlhatns o

linear 10 RaFogéena ol'ysiTanes, however, show no distinctive nodes in
this range. The | owest frequency, intensive nodes of the |inear conpounds,
howevers S@bt;tey&bmnh@%%a@fn%@@w %ﬂt%}gilhﬁqtrﬁaﬁn@élﬁély\@ﬂetenghhs In the

nlxture of halogenate po es, ¥ CﬁgANAN 15 ngs bet ween
95 and 110fefF2ving- tmh$Qé%Fl oﬁ%?ﬂg Bn cORtERES f Cyclic and
| i near ﬂD|@@@l&%mﬁaﬂ:baama@@nbm@mntpelybmméheez sidw er ilor.erThelhal ogenat ed
pol ysil ane, acgording Lo,the. Lpyentfon, 20.Les bur thetedi shinoblenedsin that

it is coon%E%P?lg%lu fn-nany inert Solvents, sdch that if can easily be
removed frofacreactod uséd fon ‘t.heSprépaFal cona tTREShalf8genki 882Hol ysi | ane

for”EQIﬁCCR% §8n£9e&h§x%§éﬂmﬁﬁgéOnh%@@vbﬂlﬁ%ﬁé@Uk@r besdissolved readily
In 1nert so sSucC s benzene t ol uene par aff_{lﬂ etc nanel Yy

both at ro®APEenpdr abiie A% soThA coP™F Sind Tw& o hoi Sof¥entss.
This is inggQeaLrast tghétuiﬂﬁﬁaage@@m@@um@by5|hamevpmepasedfso act@rdlng to

t he publication nentlo ed_a Qve . DE 10 20 0 4 ha
sol ubl e atl%F¥e?ﬁl%%cﬁ eoPveRtstor &sn on95£%?%gggéﬁ%%ﬁp%o %psﬁa ext ent .

The haIogemﬁkeﬂr@pbyshbangepatpdeﬁ@ﬂa@h#a®ﬁa%adﬂéwﬁZ%Rp%§¥|¢ﬁt3%%mlts
SUbStltue Sng ngéé%egécbgsbxalXl@fcpﬁipgﬁp-thﬂégway, a conclusion

about the content of cyclic and linear molecules can be

made from the Iip0/I13z criterion.

The halogenated polysilane according to the invention
20 is further distinguished in that 1t 1is completely
soluble in many inert soclvents, such that it can easily

be removed from a reactor used for the preparation.

The halogenated polysilane formed according to the
25 invention can in particular be dissolved readily in
inert solvents, such as SiCl,, benzene, toluene,
paraffin etc, namely both at room temperature and also
in cold and warm or boiling solvents. This 1is in
contrast to the halogenated polysilane prepared
30 according to the publication menticoned above (DE 10
2005 024 041 Al), that is not soluble at all in such

solvents or can only be dissolved to a small extent.

The halogenated polysilane is preferably characterized
35 in that its substituents consist exclusively of

halogen.



The hal ogenat ed pol ysilane fornmed according to the invention preferably has
a high content of branched chains and rings. It is oily to viscous

exception.

5 The hal ogenat ed pol ysilane according to the invention

wi t hout
is

intrinsically clean on use of corresponglingly pure starting materials and
consists only of Si and X (X = halogen). 10 15 To a consi derabl e accordi ng
to the even under vacuumdistil them extent, the hal ogenated pol ysil anes
are further not volatile and deconpose if it is attenpted to The

i nvention

hal ted l'ysi | d di the i ti furth
ompar 60+ 8" Enehol HERRE ERem LAYy pr Rar SAEPALy SPI ARG QNS hi sar -

conpared t

iffers
prior art

(DE 10 2005n024t041 Abjeferdhby the pel ysidhanearudet 20 krarehpdepar ed
has a | over, average Eha'r’irﬂg%r]gﬂito‘c i1y :ogi_‘:%; RpalLys-bhe plasneas

pr epar ed hgpogenate polysi

I'ane of the pri art has a higher nelt

hem cal |l y
ing 25

t enper at ur exchahithe hal ogenated pol ysilane according to the invention. A
furtherg di stinguishing criterion conpared to the prior art (DE 10 2005 024

041 Al ; DE 10 2006 034 061 30 Al ;. W 2008/0%&@27 A2: . 81/03168
ébrapndx%% %%

in the factfREhdRloweRdisshenat $at pot§siacare
contai ns neshydreges isuldty tubsds. ofherpol y$i lane exgpordimy t opthe

i nvention

10

15

20

25

30

35

tHé%ihv

g%agggﬁge%aﬁ@rials and consists only of 51 and X (X =

halogen) .

To a considerable extent, the halogenated polysilanes
according to the invention are further not volatile

even under vacuum and decompose i1f it 1s attempted to

distil them.

The halogenated polysilane formed according to the
invention further differs compared to the plasma-
chemically prepared polysilane of the said prior art
(DE 10 2005 024 041 Al) in that the polysilane crude

mixture prepared has a lower average chain length of n

= 3-9.

Finally, the plasma-chemically prepared halogenated
polysilane of the pricr art has a higher melting

temperature than the halogenated polysilane according

to the invention.

A further distinguishing criterion compared to the
pricr art (DE 10 2005 024 041 Al; DE 10 2006 034 061
Al; WO 2008/031427 AZ2; WO B81/03168) consists in the
fact that the halogenated polysilane according to the

invention contains no hydrogen substituents.

The polysilane according to the invention 1is further
highly pure with respect to catalyst and - solvent
contamination on account of its preparation in a high

temperature symproportionation process, which is a

consi sts
tion




35 highly pure with respect to catal yst and -sol vent contam nation on
account of its preparation in a high tenperature synproportionation
process, which is a 14 further distinguishing feature to the wet-Chem ca
process for the preparation of polysilanes, since in the latter process
traces of solvents and netal saltlike reagents always remain in the
product. 5 The invention relates in particular to a chlorinated polysil ane.
The abovenentioned object is further achieved by a 10 process for the
preparation of hal ogenated pol ysilane of the type described above. by
reacting hareshfane &FFHH§PP?ééﬁgat%ﬁﬁﬁﬁxﬁénﬁéyatﬁ?%s,wﬁEFEHeW§Cal
characteri gedckBst hajr t BRer @astjondisocaptti egobusi Wehhsan sixeessiof

hal osilane with respect to the_dihalosidyle | X2). 1 - in_the
reactor. ThI'§ B&ﬁ%ﬁéké”ﬁwﬁ% X F%?Cgiaﬁgié%3g§eé§%ué%ﬁhgm%%%pfg?%ﬁtion tine
of the hal oskkaneagantssilivepn pasked badtbsedroguche grain size of the
silicon used. 20 The worki ng pressure conpared to the prior art (smaller
than 1073 hPa, Schneisser 1964) is further preferably significantly

i ncreased {0el1ir0G0tHPa) ralefrdér o PﬁEFé§§éaﬁhet%réba%g¥?¥§n%?e%ctive

col l'isions,gf ;Lthea S X2 formed with SiX4 in the gas phase, whereby 25
polyneriza%ion of the Si X2 fornmed by wall reactions is suppressed. By neans
of this neasure on the one hand the formation of a highly polyneric,

gl assy, sltghtlabgresmiyeblei sdaliattdeser i Fed tihext hechiiteeat ubg (Bchnei sser
1964) .i.s suppresse n ; Jhand- 3@ _t S} o the
polysﬂ#%neggg%%%?d%ﬁg ﬁg%?hgggﬁ%gﬁﬁﬁgﬁ ngsgggﬁaéﬁﬁﬁ%%'%ﬁ£¥ig%§%£(greater
than 4 tines)tkenpapeddescrhbegr pbevar LY ASanttiier R¥Fetemts atihy feature
is the lo a r gt yt-he , pehyisiH anesc1of r 300 800/ 1wl

conpar ed r%{ﬁg%%é %glgggﬁgfgﬁﬁg

that the reactlIon i;r]éggy?g Sgﬁtlggﬁﬂh‘ an excess of
halosilane with respect to the dihalosilylene (SiX5)
15  formed in the reactor. This can take place, for
example, by adjusting the retention time of the

halosilane in a silicon packed bed used to the dgrain

size of the silicon used.

20 The working pressure compared to the prior art (smaller
than 1073 hPa, Schmeisser 1964) is further preferably
significantly increased (0.1-1000 hPa) in order to
increase the probability of active collisions of the
8i¥, formed with SiXs; in the gas phase, whereby

25 polymerization of the $iX, formed by wall reactions is
suppressed. By means of this measure on the one hand
the formation of a highly polymeric, glassy, slightly
green-yellow solid described in the literature
(Schmeisser 1964) 1is suppressed and on the other hand

30 the conversion rate to the polysilanes according to the
invention is significantly increased (greater than 4
times) compared to the prior art. A  further
differentiating feature is the lower average molar mass
of the polysilanes of 300-900 g/mol compared to 1600-

35 1700 g/mol in Schmeisser 1964.



15 As far as the tenperature of the reactor in which the process according
to the invention is carried out is concerned, the reactor parts on which

t he hal ogenat ed pol ysilane is deposited are preferably kept at a 5
tenmperature of -70C to 300C, in particigar -20C to 280C. Cenerally, the
tenperature of the deposition zone is kept relatively lowin order to avoid
the formation of Si. 10 Using the process according to the invention,

nol ecul ar m xtures with average nol ar masses of 300-900 g/ nol can be

pr epar ed. articul arl.ypreferredhal ggenat o] i e .15 di
t ot hei nven oﬁﬁ?éEF%é§é$cﬁ?%P8§aE8F§sfﬁgﬂggg(E%gf%ggof}iﬁﬁgﬁg%cggg
accordi ng poothesi mventidimg atd éher gynveunrées timt ceaniBei Myl hésreact or

to the “608§1§§{3_¥n38, reagtion Lenpepatyces,, f ohiexarmle gheshehsabq

resi stance I'ng, gas burners or solar furnaces (concave mrror), can be
used for captyshyapat the FEREEIERY EIFEE riREGLTEEI St antePheattng?i s
preferapl y: used, 28RS c& VErY ACEHr 308 teenpes abuke ieantrol -1° @5t possi bl e
with this. A alosilaneigﬁfus as_ a star%jqﬁ%su%stggce &groghg.ﬁ ocess
according fo%the iGRENT onr A oSS A n “The “Heant R 8T "t Re process
accordi ng genéheid nweniti oned@tisedesi gnat eth asomdirpothwds agbithetbgpe Si X4
(X=F d_,  Br,.l) a eir mxtures, it also being possible to enpl oy
halosilanegoﬁf?%l%gxgg %alogen substitution. The gas m xture
(hal osilane(s)) used in the process

10 Using the process according to the invention, molecular

mixtures with average molar masses of 300-900 g/mol can

be prepared.

A particularly preferred halogenated polysilane
15 according to the invention are the perchloro-

polysilanes (PCS).

For the process according to the invention, all energy
sources that can bring the reactor to the necessary
20 reaction temperatures, for example electrical
resistance heating, gas Dburners or solar furnaces
{(concave mirror), can be used for carrying out the
reaction. Electrical resistance heating 1s preferably

uged, since a very accurate temperature control 1is

25 possible with this.

A halosilane 1is used as a starting substance for the
process according to the invention. A halosilane within
the meaning of the process according to the inventicn
30 is designated as compounds of the type SiXs (X = F, Cl,
Br, I) and their mixtures, it also being possible to

employ halosilanes with mixed halogen substitution.

The gas mixture (halosilane(s)) used in the process
35 according to the invention can additionally be diluted
by "an inert gas and/or contain admixtures which favor

product formation. The admixture of inert gases,



35 according to the invention can additionally be diluted by an inert gas
and/ or contain adm xtures which favor product fornmation. The adm xture of
inert gases, 16 however, is not conpulsory in the process according to the
invention. In the process according toi¢ he invention, fluoro- 5 silanes or
chl orosil anes are preferably enployed as the halosilane. A particularly
preferred starting conpound is SiCl4. The hal ogenat ed pol ysil ane
according to the invention 10 can al so contain hal ogen substituents from
several different hal ogens. 1n t.he oces c ' t j hyeption,
halosiIaneEO%?Yﬁrhiiéd%ﬁﬁ(ﬁﬁ&?%ﬁj%ﬁgtﬁﬁigﬁgc n%%%g%tébéﬁg?%ﬁ%dgg 17
Wor ki ng exan®pl énte2d40cg. of SiCl4 are led in vapor forminto an evacuated
quartz gl ass tube, which is conducted at a gradient of 5 about 30 through a
furnace, and the Si Cl4 vapor is led through a 20 cm | ong silicon packed bed
heated to 1200Qe t HE qicstes § S5PEsst% BE n§PRept "¥ERabBIY 1ThPRZCAf t er

| eavi ng t hg; heat £d,Z0RR1 okHE 1 PEAEYCEH Hd Xirrie: i oondensedednat hehquart z

ol ass mallgafgg{fgnép %0%5¥¥%Cularly preferred starting compound

is SiClg.

The halogenated polysilane according to the invention

10  ecan also contain halogen substituents from several

different halogens.

Tn the process accoerding to the invention, halocsilanes

with mixed halogen substitution can also be employed.



10 nostly drains into a receiver flask cooled to -196C. After 6 h, the

vi scous red-brown product is renoved fromthe reactor by dissolving in a
little SiCl4 and filtered. After renoving the Si Cl4 in vacuo, about 80 g of
chlorinated polysilane remain in the formof a red- 15 brown viscous
liquid. The typical 29Si NWR shifts ang the high content of various,

short chai n branched conpounds, e.g. deca- chloroisotetrasil ane (|nter alia
5 = -32 ppWerkdagesxampdecdi or oneopent asilane (inter alia 5 - -80 ppm

(these signals occur in the shift region at (3), which is typi cal for
i.s t glcal for

signals of SiC groups (tertia i atons

signal s of 23{ étdﬂ%sgﬁffhEE%%IL%?vépyv§PO§US§F?Tu% t% faugngﬁgry Si
atons)), amﬁa2ﬁzammmayntunmttmhhﬁ3|ssotomuadhﬁd(nur@ gpedt.eum OFig. 1).
By integrat Qn of mh [ een~th gontepnt of
S|I|co§9at8#§ that f%PﬁF% I\élb?ranc f%g s%%%s§ %e??F%ri%a%QE ugternary Si
atoms) of theosbbrtach ndwadehen, sb séﬁnonpt%%e@thﬁd 3GOn1xture

is 1.8 mas Rg i $rkhus 2kamss% mem Cad @hé{t§bbﬂttmeh§83| NVR
spectra at§%%g g n?t% %1§C§bnt Su d (2 GHE%shomlfm nals of SiCl3 (end

1) ))
gr oups) aanS?€12£§%6ﬁﬁk Y%%bpﬁﬁéﬁgd:%ﬁgﬁn bRecPEPE et TohsY- %t h8 signal s
in the rang@nﬁéﬁgbdl&HDMﬂd(Quéﬁk$p@léé§)Wa&ﬁsSh@MEﬁiﬂﬁﬂSZ@fCSE@ﬂ groups
and of_ the solvent, Si.Cl4 (about -19. 6.1 t r es for
exanpl®® | #° atzﬁcﬁii ForoiPsot et ¥ asi Iréar?gl and %%ggk r&ﬁ)}';él%cfn %heﬁrgg;rjlce 18 from
-73 ppm t 0o2£98rppgm ar e tioe beriaconisbured- b@oqnatteeryt Siisat éﬂ@owdt he

chl orinated pol ysil apes. . s %h yd§§§0P5§§§nE: for :exampl egién, and
dodecachloroneopenta5| ane e aver age mass Is 5 deterné ed by

cryoscopy fblberapeubfozs éﬁﬁﬁWlH@hﬁéﬁad%%?%%ﬁdhd%aQ%PttﬁpQﬁﬁ n%ted
pOlySIlaHEOESbgig} QEe&'%@@%érﬂéd@ﬁiﬂmﬁihhﬁﬂlﬂgeaﬁo&WERﬂgeaCheﬁﬂ | engt h
of about n = 10 for (SiC r about n = 9 for Si8Cl2,182. The ratio of Si
to d 4 t?%o%?oﬁh%? " xtu¥e'f's 10 deternmined after deconposition by
chloride titration according to MOHR to be Si:Cl=1:2.1 (corresponds to the
empi ri cal fanalytical) formigeS G12:4). Jhe shonalial aboutyil9,6 ppm
ori gi nates ¥% o EHE S0l vén etrachl orosi | ane. ecul ar wei ght
cycI05|Ian@$r36UQan Peo diet @lez e |@F4m@hﬂ¢xt%@@80%9dﬁANWN dpeci®estopy by
means of ?ﬁf@?ﬁv§b@@@9§siﬂaﬁge Eﬁgbgnaghala? em-Lo Iqdicatienscof the
presence o osi |l anes are also found i e 298|(gNR sgec ra Q¥ t he

si gnalké§ atC@ﬁQfQ@?%P¢Wta%E%%%ﬂldfnéﬁﬂ7Sa 152 ppn1%

signals occur in the shift region at ' whtch is

typical for signals of S5iCl groups (tertlary Si atoms),
and (4), which is typical for signals of S5Si groups with
exclusively Si substituents (quaternary Si atems)), are
25 apparent on the basis of the.following spectrum (Fig.
1y. By integration of the 2931 NMR spectra, it is seen
+hat the content of silicon atoms that form said
branching sites (tertiary and gquaternary Si atoms) of
the short-chain fraction, based on the total product
30 mixture, is 1.8 mass% and is thus > 1 mass%. The
chemical shifts in the %°Si NMR spectra at +23 ppm to
-13 ppm ((1) and {(2}) show signals of 35iCls (end groups)
and SiCl, groups (unbranched chain or cycle sections),
the signals in the range from -18 ppm to -33 ppm ((3))
35 show signals of SiCl groups and of the solvent SiCly
(about =19.6 ppm}, as théy are present, for example, in

decachloroisotetrasilane, and the signals in the range



A typical RAVAN nol ecul ar vibratio
is shown below (Fig. 2). The spect
Ranman intensity at 132 cm1 (1182)

n spectrum of the chlorinated polysilane
rumhas a ratio 1100/18 of < 1, i.e., the
is clearly higher than that 25 at 100

cm1 (1100).

For conpari son,

t he spectraum of a pl asma-chem cal |y produced

pol ysil ane m xture and the cal cul ated spectrumof cyclic tetrasilane

(oct achl orocycl ot etrasi | ane,

Si 4C18) are shown, where in the case of the

pl asma- chenically produced polysilane 30 m xture the ratio changes to
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average

was fittedCWITSEMGt i€ chaft ©
of the peaks.Cliwz obtained having an

about n = 10 for (8iCl:;}, or about n = 9
The of Si to Cl the
determined after decomposition

according to MoEr to be 81:Ci=1:2.1
formula SiClz.1).

chain length of
for SinC12n+2.

ratio in product mixture is

by chloride titration

10
{corresponds to the
The signal at
the

cyclogilanes

empirical (analytical)

-12.6 ppm solvent

originates from

about
tetrachlorosilane. Low molecular weight
can be detected in the mixtures by Raman spectroscopy by
means of intensive bands in the region of 132 cm™?

Indications of the presence of cyclosilanes are ailso
found in the 2?Si NMR spectra by the signals at & = -1.6

(815Cl1q) and & = {(S1gCLlys7 .

15

ppm ~2.7 ppm

20
of the

2}, The

the Raman

A typical RauaN molecular vibration spectrum:

chlorinated polysilane

spectrum has a ratio

shown below (Fig.
13z of < 1,

is clearly higher than that

is
Ti00/1
intensity at 132 cm™ (Iiz)
at 100 cm™' (Iig). For comparison,
plasma-chemically produced polysilane mixture and the
calculated of tetrasilane
(octachlorocyclotetrasilane, S1,Clsg)
the case of the plasmaféhemically produced polysilane

i.e.,

25 the spectrum of a

spectrum cyclic

are shown, whers in

30 mixture the ratio changes to Tige/I13z > 1.

This chart also shows by way of example the section of
{redj. the guantum

[Hohenberg P, Kohn W, 13564.
Sham LJ. 1965. Phys.
Holthausen, A

a theoretical curve Here,

chemically-calculated modes
Phys. Rev. B 136:864-71; Kohn W,
Rev. A 140:1133-38, W. EKoch and M. C.

35

ect to th oretjcal curve
ﬁll 5 régéépsé iTitensities




in theory originate directly fromthe first principle calculation. It

shoul d thus be shown that certain 10 intensities are typical of cyclic

ol i gosilanes. Wrking exanple 2 158 g of SiCl4 are led in vapor forminto
an evacuated 15 quartz glass tube, whicth is conducted at a gradi ent of
about 300 through a furnace, and the Si Cl4 vapor is led through a 10 cm

| ong silicon packed bed heated to 1200C, the process pressure being kept at
about 5 hPa. After |eaving the heated zone, the product mxture is 20
condensed Qn the, gool ed guartz wal i tl r.al NSyl a cool ed
recei ver f?%%’ﬁ?sﬁf?erf% ours, ?%?%?%co%@%%%%b?%ﬁ%i i pv%g%,i is
renoved frideitheimeadirol byndi sstl@ihgang affittele SEIA and fiftered,

Af ter renoﬂjp?gngpep% Gl4 sl 0 ¥acHo, &7i8hofs Ghlofddat edo25 pehysitane remain
in the formof a sl |,gahtly yel low viscous liquid. The typical 29S NWR
shifts andthfe cHiogH Bemtadt ©FSVRIF bud eSSt Yhai {1 b af&iéd Conpdunds,
g-g- d%ﬁﬁcﬁﬁ@r0£§9é@ﬁ£?3iEﬁ?@néﬁﬁye{ alhiea &heoﬁﬁﬁgnﬂm,(curve was |

odecachl or oneopent asi |l ane,(inter alia.5 = -80 : se signal s occur
in the shiftar% ﬁ%l%?d(f?)u,mv\h?]%%ti &t ybt c&F9¥ (‘)“’reﬂg‘l gﬁggg E)tPl%Si %ﬁé%?oups
(tertiary sdons)luandatédn. wihehriedatypiecadln tfeors igiigrral & othgrioepss wi t h

excl usively_Si tituent u ) ard Lidh the aid
of the fol %Witﬁ‘%%gglspéec %ur% %i gggé??ﬁ%yq?ﬁ}gg%gtei (f%r%]&pt gf%% i, NVR
spectra,. ¢talé¢slawipnt haltt hetheok enthef SPEi cORCRR onsR220 THAt2¥0r m sai d
branchigng sit&ess{teLdiary @f@igélﬁt@f nayy1 Sk ategsyiohntbe short-chain
fraction, based on the total product mxture, is 2.1 mass% and is thus
greater than 1 mass% The chemical shifts in the 295i NWVR 5spectra at +23
ppm to - 13vgukadd loxamsiig¢ 23) show signals of SiCl3 (end groups) and Si Cl2
groups (unbranched chain or cycle sections), the signals in the range from
-18 ppmto -33 ppm ((3)) show signals of SiCl groups and of the sol vent

Si C14 (aboii8 -4906 PRl are led in vapor form 1nto an evacuated

15 guartz glass tube, which is conducted at a gradient of

about 30° through a furnace, and the SiCl, vapor is led
through a 10 cm long silicon packed bed heated to
1200°C, the process pressure being kept at about 5 hPa.
After leaving the heated =zone, the product mixture 1is
20 condensed on the cooled quartz glass walls and partly
drains into a cooled receiver flask. After 3 hours, the
viscous vyellow-brownish product 1is removed from the
reactor by dissolving in a little SiCl, and filtered,
After removing the SiCls in vacuo, 27 g of chlorinated
25 polysilane remain in the form of a slightly vellcow
viscous liguid. The typical 2%si NMR shifts and the high
content of various, short-chain branched compounds,
e.g. decachloroisotetrasilane (inter alia & = =32 ppm),
dodecachlorcneopentasilane (inter alia & = =80 ppm)
30 (these signals occur in the shift range at (3}, which
is typical for signals of SiCl groups (tertiary Si
atoms), and (4), which is typical for signals of &5i
groups with exclusively Si substituents (quaternary Si
atoms)), are apparent with the aid of the following
35 spectrum (Fig. 3). By integration of the %31 NMR
spectra, it is seen that the content of silicon atoms



10 as they are present, for exanple, in decachloroisotetrasilane, and the
signals in the range from-73 ppmto -93 ppmare to be attributed to
gquaternary Si atons of ‘the chlorinated polysilenes, as they are present,
for exanple, in 15 dodecachl oroneopentzasi | ane. After renoval of readily
vol atile oligosilanes in vacuo, the average nolar mass is determ ned by
cryoscopy to be about 795 g/ nol, which corresponds for the chlorinated

pol ysilane (SiCl2)," or SinClZD+2 to an 20 average chain | engt h of about n

8 f S 1 f h
produg{ gli €)§?§md§?é éﬁ%gr é%%%é&%ﬁ?%ﬁ? ﬁ g??%%r%?ffgt:gn ©

according $b NEHRsto be Sﬂﬁﬂlshoxtzch@é@rr%@@@ﬁé§325kSﬁG%?)OnTh%h%he

sol vent Cy%{)% (ﬁuéﬁeﬁl&@éEepylgf 21§2Irﬁ@sl% and 19 thesegpésteal

(anal ytica a signal at about -19 m ori, tes 4 om
tetrachlorb@¢¢aﬁe Magi ol 686G aF MRBLGRE cﬁﬁﬁgtﬁe Hgteg?%d TRt RS xt ur es

by RmAN by geanss ofad ntiensi yembands 413t hent edi (@ Thedsi ghabs @lted = - 1.6
ppﬁl(Si5C11lg§£q36 of 8iCls (end groups) and 8iCl, groups
(unbranched chain or cycle sections), the signals in
the range from =18 ppm to —-33 ppm ({3)) show signals of
SiCl groups and of the solvent S5iCly (about -15.6 ppm),
10 as they are present, for example, in
decachloroisctetrasilane, and the signals in the range
from -73 ppm to =93 ppm are to be attributed  to
quaternary Si atoms of the chlorinated polysilanes, as
they are present, for example, in
15 dodecachloroneopentasilane.
After removal of readily volatile oligosilanes in
vacuo, the average molar mass is determined by
cryoscopy to be about 795 g/mol, which corresponds for
the chlorinated polysilane (SiCla), or SisClense to an
20 average chain length of about n = 8 for (SiCl;), or
about n = 7 for SinClopss. The ratio of Si to Cl in the
product mixture is determined after decomposition by
chloride titration according to Momr to be 5i:Cl = 1:2
(corresponds to the empirical {analytical) .formula
55  §iCi,). The signal at about -19.6 ppm originates from
the solvent tetrachlorosilane. Low molecular weight
cyclosilanes could be detected in the mixtures by RAMAN
spectroscopy by means of intensive bands in the region
of 132 cm™. The signals at & = -1.6 ppm (8i5Clip) and &
30 = -2.7 ppm (SisCliz} show the presence of cyclosilanes

in the ?’si NMR spectra.

Working example 3

35 125 g of SiCl; are added dropwise to a quartz glass

tube, which is conducted at a gradient of about 30°



30 = -2.7 ppm (Si 6C112) show the presence of cyclosilanes in the 2951 NWR
spectra. Wirking exanple 3 21 through a furnace, evaporated and the 51014
vapor is led through a 10 cmlong silicon packed bed heated to 1200C, the
process pressure being kept constant ajjabout 1013 hPa. After |eaving the
heated zone, the 5 product gas m xture i s condensed on the quartz gl ass
walls cooled to 20C and nostly drains into a receiver flask cooled to OC.
After 4 h 30 min, the brownish product is renoved fromthe reactor by
dissolving in a I|ttIe SiCl4 and filtered. After remnmoving the SiCl4 in 10
vacuo, 10 @hépuéhl6r?HéﬂéﬂepoﬁyépPéﬁEeﬁeﬁﬁﬁnt@ﬁ HE owﬁgBF a®s h? htly
yellom/0|lyhkbgghd aThe typi cabnz9Si NMRbshifdiskand Hde denttent ob vari ous,

hort-ch d d 5 t t I
S Do DR dbdecdth SFgesenP At LG (FALAT ol s L nig(teLegel ]
si gnal s ocebbuin 1Hes shid:. régitem ateg8ingwhiled ifsatspl caﬂoﬂf@or §hgnal s of
SICl gré’”pén %%8%' %%Bé] Sh: 2t QPE) 1lsang b hALns ¥l Qih | $nbyRhERle S 0p18kgnal s of

Si groups usive stituents (quaternary Si atoms)), are
appar ent onaihe ba@ﬁ@doﬂx%H@yﬂ%l@%%nﬁ@s§bécﬁﬁ@ﬁWﬁﬁiPtQ)a BGSFAYEHrati on of
the 29Si NWMR.speclyAed trbs {S@en rheért e worMeEntinf Sitd copoahoss that
formsaid branching sites r#lary and qua%ern?gycgiz%fgm. o{ Zg t he
short - chai R*PFacti oA, THISE 43 196 t6t af S Br 6dhc L Kt i e Vi 171 frass% and
is thus grQQEELetbaall aasls %1 Ifthe scheni Cad r s iefoy iing tthee 28 ST LNMRspect r um
at +2 pmto m.( (1 f (end ups) and
Si C12 ou%%cf%hb gﬁcﬁedx%hg@%o&%%%tgﬂg“%%i2525?8%3.éé?%%nsﬁghagégln t he

range fronfed8 ppratoli@etppnyef 3Py Shéw sigHaFs of SiCl groups, as they
are present, for exanple i n decachl oroi sotetrasilane, and the signals in

the range from-73

ppm, -93 p re to be_ attrihuted t uaternary Si
atons of t'ﬁléec’hlf%%?%gt ed 3503 g}éjrf %e@ndaghﬁhé‘}?r’%@éltpr geﬁ? *§97’ exanpl e,

i n dodecach)erongopent asi bane.ched? compounds, deca-
15 chloroisotetrasilane ({inter alia & = -32 ppm), dodeca-
chloronecpentasilane (inter alia & = -80 ppm) (these

signéls occur in the shift region at (3), which 1is
typical for signals of SiCl groups (tertiary Si atomsi},
and (4), which is typical for signals of Si groups with

20 exclusively Si substituents (guaternary Si atoms)), are
apparent on the basis oI the fellowing spectrum (Fig.
4). By integration of the “°Si NMR spectra, it is seen

that +the content of silicen atoms that ferm said
branching sites (tertiary and gquaternary Si atoms) of
25 the short-chain fraction, based on the total product
mixture, is 1.1 mass% and is thus greater than 1 mass%.
The chemical shifts in the 2°8i NMR spectrum at +23 ppm
to ~13 ppm ({1) and (Z2})} show signals of S5iCl; (end
groups) and SiCl,; groups (unbranched chain or cycle
30 sections), the signals in the range from -18 ppm to -33
ppm ((3)) show signals  of SiCl groups, as they are
present, for example, in decachlorcisotetrasilane, and
the signals in the range from -73 ppm to -93 ppm are TO
be attributed to guaternary Si atoms cof the chlorinated
35 polysilanes, as they are present, for example, 1n

dodecachloronecopentasilane.



The average nolar nmass is determ ned by cryoscopy to be about 315 g/ nol,
whi ch corresponds for the chlorinated polysilane (SiCl2),, or SinCl2,2 to
an average chain 5 length of about n = 3.2 for (SiCl2)" or about n = 2.4
for SinCl21,+2. The ratio of Si to C 44 the product mxture is determ ned
after deconposition by chloride titration according to MOHR to be
Si:Cl=1:2.8 (corresponds to the enpirical (analytical) fornula 10 Si Cl2.4).
The signal in the 295i NWVR spectrum at about -46 ppmoriginates fromthe
sol vent hexachl oro- disiloxane. 23 Patent clains 1. A hal ogenated

pol ysil ane as a pure conpound or m xture of conpounds each having at | east
one directT8h- S=b0nd, mahasemsulstiist uRrdesrntionsi shy of rhatogen andben whose
conposi tion the tio su stltuent SI|IC S
characterlﬁgﬂan%ﬁﬁa@4ﬂ? ol V55T aR8* E5REFS (ﬁbél%%% %ﬁgé é?%gdmjth a
hi gh propopbipsibinbranghihg -si bes SWwQﬂmpaba§ed on t heereval phadbct

m xt ur i 9 _ha N_nal on.sp m,of.. 1 209/ 1132 <
1, mhe?% I;%n éé%o?e%ﬁgﬁﬁAggnaggl%fgag%tYsgbé%l O§ ggg&g f€32 %e%otes t he
Raman i nt efsit\Saf1132. cRE  &AdLPn ®he 5¢ONNﬁ@sp€th§ehaErP?§C

si gni ]fl Ca%ll,g&%élctlsw&@@é% ﬁniz@e%hf%f@&%m %@&oﬁbbéhtﬁgﬁgﬁjj r@miﬁad@pm to -13
ppm from ppmto - m an rom to - ppm . 2. Tt
haIogenate9156@9%?$anea%5%%§ﬂ?%g H6>C|£%WF Rar a ?erlgédg%ﬁitga§ it

mai nly contabnsebpamededtohaichs. &mpﬂnadmﬂ(xﬁﬂmﬂkxt;m&yﬁimé@em@b@ording to
one of the cedi cl ai hapacterized i h velage,ghai n I ength
of thé'cru%QEﬁi ghof %ll%agngb g’ﬁ%lygg éﬁgicgﬁ?EESSﬁ ds to_n z 3-9. 4.
The hal ogenéas edppml yswtmren@‘m%r difmgm o oie ofs e ecR RGN EPEP TS,
characterl%gg L ] o it is oily to viscous. 5. The hal ogenat ed ponS|Iane

according to one o the preceding clains, characterized in that it has a
slightly yellow to intensively orange or red-brown col or.



MOSUP 24 6. The hal ogenated pol ysil ane according to one of the preceding
clains, characterized in that it is readily soluble in inert $ofyaems. 7A
process for preparing hal ogenated pol ysil ane according to one of the
preceding clainms, in which halosilaneds reacted with silicon at high
tenperatures, characterized in that the reaction is carried out wth an
excess of halosilane with respect to the dihalosilylene (SiX2) forned. 8.
The process according to claim7, characterized in that it is carried out
at a tenperature of over 700C. @at¢ﬁéppééé§§accord|ngtoclaanorB
characterized in that the retention tinme of the halosilane in a packed bed

of the siljcon used.is adjusted E§ T rain size of the silicon. 10. The
process accor di‘hg "Ed GF& 5Ll BPMESYLE88, TharacPerifzed°TROEAGL §% is
carried out |rlmnxﬂw5§UKﬁfr@n@@OMm@mloeéem01BahEag 14t The= pt ocess

according to s 0l é”EJ éq}&o’wﬁﬁ%a%&éé&%é&é h%n‘sE%tf ec?‘§t or parts

on which the h ogenate polys dne 1I's e deposited are kept at a
t enper at ure of h&0@am @@@ClﬂlWﬁﬁﬂq|QQWQﬂSlQQEﬁt§h28@@OmiC ratio

substituent:silicon is at least 1:1, characterized
in that the polysilane consists of rings and
chains with a high proportion of branching sites
which, based on the total product mixture, is >
1%, has a RaMay molecular vibration spectrum of
Ti00/T132 < 1, where Iig denofes the Raman intensity
at 100 cm™ and I,3; denotes the Raman intensity at
132 om™, and in the “%3i NMR spectra has its
significant product signals in the chemical shift
range from +23 ppm to -13 ppm, from -18 ppm to -33
ppm and from -73 ppm to -93 ppm.

2. The halogenated polysilane according to claim 1,

characterized in that 1t mainly contains branched

chains.

The halogenated polysilane according to one of the

(ad

preceding claims, characterized in that the
average chain length of the c¢rude mixture of

halogenated polysilane corresponds to n = 3-9.

4. The halogenated polysilane according to one of the
preceding claims, characterized in that it is ocily

to wviscous.

5. The halogenated polysilane according to one of the
preceding claims, characterized in that it has a
slightly yellow to intensively c¢range or red-brown

color.
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The halcgenated polysilane according tce one of the
preceding claims, characterized in that it 1is

readily soluble in inert solwvents.

A process for preparing halogenated poclysilane
according to one of the preceding claims, 1in which
halesilane 1s reacted with silicon at high
temperatures, characterized 1in that the reaction
is carried out with an excess of halcosilane with

respect to the dihalosilvlene (Si¥X;) formed.

The process according to claim 7, characterized in
that it 1s carried out at a temperature of over
700°C.

The process according to claim 7 or g8,
characterized in that the retention time of the
halosilane in a packed bed of the silicon used 1is

adjusted to the grain size of the silicon.

The process accoerding to cne of claims 7 o 9,
characterized in that 1t 1is carried out in a

pressure range from 0.1-1013 hPa.

The process according to one of claims 7 to 10,
characterized in that the reactor parts on which
the halogenated polysilane 1is to be deposited are
kept at a temperature of -70°C te 300°C, in
particular -20°C to 280°C.



