-1- Hal ogenated pol ysilane and pl asma-chem cal process for producing the
sane The present invention relates to a hal ogenated 5 polysilane as a pure
conpound or a m xture of conpounds each having at |east one direct Si-Si
bond,” whose substituents consi st echU§%yer of hal ogen or of hal ogen and
hydrogen and in the conposition of which the atomc ratio of substituent to
silicon is at least 101:1. Chlorinated polysilanes of this kind are known
in the prior art [references: DE 10 2005 024 041 Al; DE 10 2006 034 061 Al;
WD 2008/ 0314 Fplegenabegh Po3Y6slans PR EISSTRIshAPigal mrogeffilyer, P.
Voss "Cber das Siliciunchloriddrddabilng thée samer g. allg. Chem (1964) 334,
50-56 (Schreisser, 1964); US 2007/0078252 Al; DE 31 26 240 02; UK 703, 349].
On the one hand they can be produced in a purely thernmal reaction
(Schmei sser ,Th20 1864ychy heatvargt il or asillzares | hovapor harlmowintah ealr

wi t hout r in ent_ at tiv L gh t res -(above 700C) The
chl ori na ed%%bgﬁgiég%%g”bb é&ﬁ%% %%@%g%géagﬁtggﬁﬁgﬁggﬁo%ffF6ﬁ$ Fppf-yellow
to yel | ow skadighbalyioan ¢Schhessserond96#irest i ghit134 29 qgrbenivsiesgel | ow,
gl ass-like, Nigh-ROJIIRN " )-or3PaGt r ascopi & davestd gat gns have showy t hat

t hese pol ysil anes produced purely thernally have a hL%h proportion_ of

short - chai nPeECAFEhe And YEYEOITEE ndt@cilPesthFUFPRECTBE Ot hef nivRiGhe

obt ai ned i s theavdamil0 comtanbnatedswitheALCL3 oWing-d0 1heaprodugti on
conditigﬁs (very high tenperatures). GB 702, 349 discloses that when silicon
al | oys e reacted with chlorine gas at 190-250C a m xture of 35

chl orinated polysilanes is condensed fromthe gas stream The average

oL e o Ik sh s e T aershatl i) Oy, Bagiee, 2
priocr art [references: DE 10 2005 024 041 Al; DE 10
2006 034 061 Al; WO 2008/031427 A2; WO 81/03168; US

15 2005/0142046 2l; M. Schmeisser, P. Voss "Uber das
Siliciumchlorid [SiCl;].", Z. anorg. allg. Chem. (1964)
334, 50-56 (Schmeisser, 1964); US 2007/0078252 Al; DE
31 26 240 C2; UK 703,349]. On the one hand they can be
produced 1in a purely thermal reaction (Schmeisser,
20 1964) by heating chlorosilanes in wvapor form with or
without a reducing agent at relatively high
temperatures (above 700°C). The chlorinated polysilanes
obtained have a faint coloration from dirty-yellow to
yellowish-light-brown (Schmeisser, 19¢64; "slightly
25 greenish-yellow, glass-1like, high-polymer").
Spectroscopic i1nvestigations have shown that these
polysilanes produced purely thermally have a high
proportion of short-chain, branched and cyclic
molecules. Furthermore, the mixture obtained is heavily

30 contaminated with AlCI1; owing to the production

conditions (very high temperatures).

GB 702,349 discloses that when silicon alloys are
reacted with chlorine gas at 190-250°C a mixture of
35 chlorinated polysilanes 1s condensed from the gas
stream. The average molecular weight of these mixtures
is relatively 1low, because on distillation only 2% of

the silanes have n greater than 6.



-2- OF 31 26 240 02 describes the wet-chem cal production of chlorinated
pol ysil anes from 5i 2016 by reaction with a catal yst. The m xtures obtai ned
still contain the 5 catal yst and are therefore washed with organic

sol vents, so that traces of this solvent and of the catal yst remain.

Mor eover, PCS obtained in this way are strongly branched. O her
wet - chem cal nethods are presented in Us 2007/0078252 Al: 10 1. Reduction of

hal ogenat ed aryl ol i gosilanes wi th sodi um f ol | owedbycl eavagew t hHC1/ A1013
aromatics. 15 2. Transition-netal -catal yzeddehydrogenati ng
pol ymeri zati onof aryl at edH si | anesand subsequent dearylation with HCl/ A1013.

3. Anioni callry zatabyzed rihgdepemiibgspalhsrendzatheni 20( RgRbdekt(%h012) 5
dear'yl at | on ik (1 KL AT, " 35 {147 | “CHBS6 R@thods. “BnGL ABaln PCS
cont am nat ed wcehasgbtentTicat aliydturarse obtained. $niH Starderin Pthe
Lassaches, Eatd@@%Qe’ gehtsclyd ft b orore  washed with organic
solvents, so that traces of this solvent and of the
catalyst remain. Moreover, PCS obtained in this way are
strongly Dbranched. Other wet-chemical methods are

presented in US 2007/0078252 Al:

10
1. Reduction of halogenated aryloligosilanes with
sodium followed by cleavage with HC1/Al1CI1;
aromatics.

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

3. Anionically catalyzed ring-opening polymerization

20 (ROP) of (SiCl,)s with TBAF (BuyNF) .,

4. ROP of (SiAry)s with TBAF or Ph3;SiK and subsequent

dearylation with HC1/AlCl;.

25 With all these methods, once again PCS contaminated

with solvent/catalyst are obtained.

In H. Stiger, P. Lassacher, E. Hengge, Zeitschrift fir
allgemeine und anorganische Chemie 621 (1995) 1517~
30 1522, ©SisClgH 1is converted to the corresponding bis-
cyclopentasilane 8Si;0Clig by boiling with Hg(tBuy) in
heptane. Alternatively, c¢yclization of SisPheBr with
naphthyllithium or K and/or Na/K can be performed in

various solvents with subsequent halogenation with

35 HC1/AlCls5.



al I genei ne und anorgani sche Chem e 621 (1995) 2527- 30 1522, Si5Cl3H is
converted to the correspondi ng bi scycl openta' silane Si 10C113 by boiling
with Hg(tBu2) in neptane. Alternatively, cyclization of Si5Ph9Br wth
napht'hyl i t hi um or K and/or Na/K can be perfornmed in various solvents with
subsequent hal ogenation wth 35HC1/ A1C13. -3- Production of hal ogenated
pol ysilanes of this kind by a plasma-chem cal process is also known. For
exanple, DE 10 2005 024 041 Al relates to a nmethod of production of silicon
from hal osilanes, in which in a first step the 5 halosilane is converted to
a hal ogenat éd POISGsiarmd WP FHTGdRE iRsht 6T Pt asha 8is8nhkige, ¥né this is
t hen deconpesednize clichiicon igracsaconsd step, nidwh .hemdt ngxahpléhi sEknown
met hod, in n t.i Wi duction of the as hi_ gh .ener densities
are used (ag®v2%%05 %%4\/%6453%Parr1%18t%ee5 end %r%%%%?g?gfap%%u%g?gxﬁ act,
waxy-white tsalyelonowirsie bralws dradgownisovhdchSpecta oSTopt cstaveshiegat i ons
showed t hat roduct .ghtaiped has a relatiyvel i g - f
crosslin inél%ltfl ﬁgﬁ%ﬂ%h g%eray densfgti es used Iaeag\ét?lgxg:aod‘8?29%?§ﬂ|89h 15
mol ecul ar weight ®rodesiilGm@ T m imsoltiii di 50 a1 owndushbe| Leythen
i nSi C140nl yghettpelaibn @ noL ML pressure. sksodemnsty, ated-bynthe; agd 5i 3H8
by connecti n% several reactors in series. The 30 sjtuation is simlar
accordi ng t 6UDEEE 2666 H3ACHBIC Al 11 AORARER 18 si v HarPFedietFbrrti ef
descri bed, ithewhdsrgaseatughanchdiqui deRPEStare ohiai nedd widdv& 2C46 as the
mai n constituent (p. 3, ,/00161]). Admttedly the authors describe how the
nol eculg(f vv‘t.’aqlcfgﬂht)s’ oafnfhte}{ePC%léég%%dr?l%te Thet exded By usPRg  sevel afYr eact or s
connected i mhséri e, brutlowisis-londwn possipioent e @btdi nSpatereoatophat can be
converted u@ﬂ@%Q@E@ﬁ@gohg %ﬁ%w@@stﬁgﬁs%héT@ﬁ% product obtained has

a relatively high degree of <crosslinking. The high

energy densities used lead to products of high

15 molecular weights, resulting in insolubility and low

fusibility.

Furthermore, WO 81/03168 describes a high-pressure
plasma process for synthesis of HSiCls, in which PCS are
20 formed as minor by-products. As these PCS are produced
at extremely high gas temperatures, they are relatively
short-chained and strongly branched. Moreover, this PCS
has a high H content, owing to the hydrogenating
conditions (HSiCls synthesis!). US 2005/0142046 Al
25 describes PCS production by silent electric discharge
in SiCl, at normal pressure. Only short-chain
polysilanes are formed, as 1s demonstrated by the
author with the selective reaction of SiH; to SisHg and
Si3Hg by connecting several reactors 1in series. The
30 situation 1is similar according to DE 10 2006 034 06l
Al, in which a similar reaction is described, in which
gaseous and liquid PCS are obtained, with S$i,Clg as the
main constituent (p. 3, [00161]). Admittedly the
authors describe how the molecular weights o©of the PCS
35 can be increased by using several reactors connected in
series, but it is only possible to obtain material that

can be converted undecomposed to the gas phase. This



-4- situation is also expressed by the authors in the clains, in which they
envi sage distillations for all PCS m xtures obtained. 5

| naddi ti ontochl ori nat edpol ysi | anes, ot her hal ogenated pol ysilanes 'Si"Xy (X
= F, /Br, |) are also known in the prior art. E. Hengge, G O brich
anatshefte far Cheme 101 10 (1970) 1068-1073 descri bes the production of
a polymer with a sheet structure (SiF)!4_-The sheet-structure polyners
(SiCl)" or (SiBr)" are obtained fron1CaSi2 by reaction with I01 or IBr. A
hal ogen exchan i.s _then pe forned mnth meve artlal %radation

of the 15 Si°HE éFQQtrﬁétu? 8cc%¥%re%%% %It S c¢dht aih§ t he
anount of C&@hﬁnﬁaseﬂnomﬁsﬁﬁlchheynumyvﬁsagn OaSsﬁ;laadlbhss:@amnaﬂlbe

washed out. ti f. | yfluorosilane (SiF2)" is described 20 for
exanple in ﬁﬁgsghﬁggg%ér%&fﬁﬁéggkdte Chem e 66 (1954) 713-714. Sl Br2F2

reacts at roomtenperature in ether with magnesiumto a yellow,

hi gh- pol ymer;,( Si E2)4,.c Conpounds such, as, 5 490192, Si Bi)Zoand Skhadrie can

be rehal ogenated with ZnF2 to the corresponding fluorides. 25 The standard
met hod of pPEdGEEraieef RSB ERD RS pPesent 4 For'ex%ﬁplélrﬁ¢£La TP,
R A. Kent, InGwnERiherhe drhiorMargrave, Journal of the American Chenica
Soci ety 87 (1965) 2824-2828. In this, (SiF2), is produced by |leading SiF4
over silicon at 1150C and 0.1- 30 0.2 torr and freezing out the resultant
SiF2 at -196C wﬁehggelynérizaﬂbomcduriMgnsbbbeﬁﬂentfﬁhamﬁhgmi@helﬁmlorIess

to pale yell ?}ﬁ’uo' asﬂd6%~%'7>ém9<{e§% tk?e@”};__ﬁ@"ﬂ‘%‘w:@&uk‘h%@ %leﬁgk’um and

rel eases per |nated silanes from$S | east 15%3
silicon-richipbl yrer sESEF), sterathise wiiSéR)at 4Doe 1@@E@é0®ﬁ?@@é§re

vi gorously gel%gé}san@hl%l L1be | onerrperftdiorgpgl yskl anes, args£ol gyl ess
liquids or -5- crystal I|ne sol i ds mhlch can be isolated by fractional

condensat i oﬁe?ﬁtﬁaﬂpl tidd > 95oPr iBﬁ'r abed DB oRYALFRBE tier t FRPY ani nes
catal yze thpebfpehyaewizat EoR; OfH@@éxféﬂprpaD&i@DSdé@.ﬂ@@atﬂm 82232n8
i a_rea t|on at_eve h| her te era% 51F cts mn%h Si in an

d |
Ar-pl asha 1 Fane 05 FE G 1S 0BT r00 STES comnt) h 10 RhortSehai n

perbronlnatednpahy3|taaesapehornédCaClz based on st01chlometry from
CaSi,, and this cannot be washed out.

The production of polyfluorosilane (SiF,)x is described
20 for example in M. Schmeisser, Angewandte Chemie 66
(1954) 713-714. SiBryF, reacts at room temperature in
ether with magnesium to a yellow, high-polymer (SiF;),
Compounds such as Si19Clgz, (SiBr)yx and SiioBrig can be
rehalogenated with ZnF; to the corresponding fluorides.
25 The standard method of ©production of (SiFs), is
presented for example in P.L. Timms, R.A. Kent, T.C.
Ehlert, J.L. Margrave, Journal of the American Chemical
Society 87 (1965) 2824-2828. In this, (SiFs)x 1is
produced by leading SiF,; over silicon at 1150°C and 0.1-
30 0.2 torr and freezing out the resultant SiF, at =-196°C
with polymerization during subsequent thawing. The
colorless to pale yellow plastic polymer melts on
heating to 200-350°C in vacuum and releases
perfluorinated silanes from SiF, to at least Si;4F3p. A
35 silicon-rich polymer (SiF), remains, which at 400 + 10°C
decomposes vigorously to SiFy and Si. The lower

perfluoropolysilanes are colorless liquids or



according to A Besson, L. Fournier, Conptes rendus 151 (1911) 1055-1057.
An el ectric discharge in gaseous HSi Br7 produces SiBr4, 5i23r6, Si2Bre and
Si 4Br20. 15 K. Hassler, E. Hengge, D. Kovar, Journal of nolecular structure
66(1980) 25-30 prepare cyclo-Si4Br2 by reaction of (SiPh2)4 with HBr under
AlBr3 catalysis. In H Stuger, P. Lassacher, K Hengge, Zeitschrift fr

al I genei ne und anorgani sche Chem e 621 .£1995) 1517- 20 1522, Si5Br9H is
converted to the corresponding biscyclopentasilane SiuBris by boiling W th

Hg(tBu2) in hepta Al ternativel cycli ion i 5Ph9Br wit

napht byl |1 LSRG 6 U trar e bt by Hb T RL5FFORY. SOROHES i ¢ h
subsequent hﬁhmgﬁnﬁﬁnmm1mni@mZSHBEbAbB@2/ngh nnlecular silicon

sub- brom des can be prepared, according to M Schnei sser, Angewandte Chem e

66 (1954) 713-714, on the one hand by reaction of SiBr4 with 30 nmagnesi um
in ether inTﬁ@@eﬁorﬁfoqu¢mp@ﬁﬁy(mwr sbbrdLa8yBroxinand wtalhezot hére hand by

the actign of gh%&iz%Ql%|e%%nb%&f§bo%% ~L330Gs:wWhiehy in addition to (SiBr),

al so produces and ot her oligosilanes such as 35 -6- vacuum at
1000- 1200C €Hr ottt i | iRondgFFtoOSther 8 | SSRGS f ot 'mt PBAN of RESPBE2) X,

along with achidklla® u9e23rH6.F, reacts with Si in an Ar-plasma flame
to SiF, (0.8 : 1 mol, 70% SiF, content).

10 Short-chain perbrominated polysilanes are formed,
according to A. Besson, L. Fournier, Comptes rendus 151
(1911) 1055-1057. An electric discharge in gaseous

HSiBrs produces SiBrg, SigBrg, Si3Brg and SisBraig.

15 K. Hassler, E. Hengge, D. Kovar, Journal of molecular
structure 66 (1980) 25-30 prepare cyclo-SisBrg Dby
reaction of (SiPh;), with HBr under AlBr; catalysis.

In H. Stlger, P. Lassacher, E. Hengge, Zeitschrift flr
allgemeine und anorganische Chemie 621 (1985) 1517~

20 1522, SisBr¢H 1is converted to the corresponding bis-
cyclopentasilane Sii¢Brig by boiling with Hg(tBuz) in
heptane. Alternatively, cyclization of SisPheBr with
naphthyllithium or K or ©Na/K can be performed in

various solvents with subseguent halogenation with

25 HBr/AlBI3.

High-molecular silicon sub-bromides can be prepared,
according to M. Schmeisser, Angewandte Chemie 66 (1954)
713-714, on the one hand by reaction of SiBr, with
30 magnesium in ether in the form of the vyellow, solid
(SiBr)y, and on the other hand by the action of SiBr, on
elemental Si at 1150°C, which in addition to (SiBr),
also produces Si;Brg and other oligosilanes such as
SiigBrig.
35
DE 955414 B also discloses a reaction at high

temperature. If SiBry or Bry; in vapor form are led in



The ring-opening pol ynerization of cyclo-Si5Br10 and yel p-Sista by the
action of Bu4NF in THE' or DME is claimed in US 2007/0078252 Al. For
exanpl e E. Hengge, D. Kovar, Angewandte Chem e 93 (1981) 698-701 or K
Hassl'er, U. Katzenbei sser, Journal 10 of organonetallic chem stry 480
(1994) 173-175 report on the production of short-chain periodated
pol ysil anes. By reacting the phenyl cyclgsilanes (Si Ph2), (n = 4-6) or
SiSPhs with H under All3 catalysis, the periodated cyclosilanes (Sil2)n (n
= 4-6) or Si 318 are 15f i sser ri ederich, Angewandte
Cheni e 76(1§§ﬁ§?§?d%§cﬁ%Q§eagp'oﬁérgg?ggggrFﬁglﬁFHHu@FFSHOf%% 7iodated
pol ysi | anes maSinll?) dicsmpraduced datsidppr oX.ald%yivel dh whenitSiédsvapar. is |ed
over elenental silicon at 800-900C at high vacuum The 20 pyrolysis of Sil4
in the sane conditions gives the same product, which is very sensitive to
hydrol ysis &hé¢ i siserabFeina beazenerigadérnt hefacrivoncof iaBglowadidschar ge
on SillL yap@?%létsmgn VA UWRE aaé@iw o%rmélpmusmreﬂﬁsary%? wigilicon
sub-i odi de o nposi tion 2)n, insoluble in all e usual
sol vents, i§l6bf&rnéd Eﬁ 400’ érq’ ?5§0Aﬂo 70% (relative to Sil4). Pyrolysis
of this substance at 220 to 230C at high vacuum|eads to a dark red
(Sii2)n, with 5il14 a 215 being forned sinultaneous|y. The che cal 30
properties 6f" tﬁﬁﬁwggﬁ15%n E@SﬁﬁSun s (SP125n BQEEF&@t EXLEPte £ 8
solubility i(hSBénzené- 7OPyme$S|§aﬁsKéﬁIZDr1Kﬁtﬂéﬁﬁéaﬁs@rthvaﬁuum
pr oduc S1 Qor frdabl t h osition
(Sil) nelso( Si Fg) nO%gggl%Hg&% t h?ggﬁﬁégg b4r8‘ooﬁ1 rgfg %Qi \/\gleﬁr,%’4 ]'g'ZOStC ggﬁ +25C to
benzene-sol @bl e, ixed BrPPE6hisubhal $Hes §@@ﬁta§h@$mC1l)peanddésﬁﬁrl)n At
hi gher tenpgratyiesnthe Si- Skachains t@ﬂreep%le%@%@%&mﬂééﬁe Orpyom ne
wi th sinul taneous total substltutlon of_the iodine. Conpounds of tﬁe type
Si nX2. 1+2 i A'="2-% %orox Sigfhenwdth gif gpnger Brblzace tohtaiifed. TS 1 2) x
reacts vmthpeodbaetaa 29 10s120Gdsn asbonh t(ube=cqrﬁ%l et@l:yst-@zél d4e and
5Si 21 6. Thefgres |ngegt|on S b2§e%ﬂon 5$S§x0f creat t|n
hal ogentat ed” poTyer | Hne 6f"FhESStat &d ﬁﬁﬂ? fgewandt Emie

76 (1964) 782 describe various routes for the
production of periodated polysilanes. (S1iI2)« is
produced at approx. 1% yield when SiI, vapor is led over

elemental silicon at 800-900°C at high vacuum. The
20 pyrolysis of SiI; in the same conditions gives the same
product, which is very sensitive to hydrolysis and 1is
soluble in Dbenzene. Under the action of a glow
discharge on Sil, vapors at high wvacuum, a solid,
amorphous, reddish-yellow silicon sub-iodide of the
25 composition (SiTs.2) x, insoluble 1in all the usual
solvents, 1s obtained at a yield of 60 to 70% (relative
to SiI4). Pyrolysis of this substance at 220 to 230°C at
high vacuum leads to a dark red (SiI,)x, with SiI, and
SizIle being formed simultaneously. The chemical
30 properties of the resultant compounds (SiI;), coincide -
except for solubility in benzene. Pyrolysis of (SilI,)y
at 350°C at high vacuum produces Sils, Si»Is and an
orange-red, friable solid with the composition (SiI)y
(SiTI,)x reacts with chlorine or bromine between -=-30°C
35 and +25°C to benzene-soluble, mixed silicon subhalides
such as (8iClI)y and (SiBrI)y. At higher temperatures

the Si-Si chains are cleaved by chlorine or bromine



particularly soluble and fusible. Furthernore, a nethod 10 of. production
of said hal ogenated polysilane is to be provided. According to a first
enbodi ment, for a hal ogenated pol ysilane of the stated type, this task is
solved in 15that a) the halogen is chlorine, b) the hydrogen content of the
polysilane is less 20than 2 atom% c) the polysilane contains hardly any
short-chain branched chains and rings,the content of branching points of
the short-chain fraction 25relative to the total product m xture being |ess

than 1% d) it has a Raman nol ecul ar vibrational spectrumof Ilon/T132 > 1,
where | no défdthes StRELRAPER UiSnt ERSPLY T LADO£7: 10and L. 32ddékot es t he

Raman i nt engjdmpcaind3£mhandyg isn,050.; NWR spectr a&drt sx sk goi fi gant
product si gnals are jn the range of  sher cal, shift Lrom 113 pamto,
at 90 to 120°C in a bomb tube completely to SiI; and

5  SijTs.

The present invention 1s based on the task of creating
a halogenated polysilane of the stated type that is
particularly soluble and fusible. Furthermore, a method
10 of production of said halogenated polysilane is to be

provided.

According to a first embodiment, for a halogenated

polysilane of the stated type, this task is solved in

15 that
a) the halogen is chlorine,
b) the hydrogen content of the polysilane 1is less
20 than 2 atom-%,
C) the polysilane contains hardly any short-chain
branched chains and rings, the content of

branching points of the short-chain fraction

25 relative to the total product mixture being less
than 1%,
d} it has a Raman molecular vibrational spectrum of

T100/I132 > 1, where Ijp denotes the Raman intensity

30 at 100 cm™t and I,3; denotes the Raman intensity at

132 cm™t, and

e) in “°Si-NMR spectra its significant product signals

are in the range of chemical shift from +15 ppm to

35 -7 ppmn.



35-7 ppm -8- In a second enbodi nent of the invention, for a hal ogenated
polysilane of the stated type, the stated task is solved in that 5 a)the
hal ogen is brom ne, and b)29Si - NVR spectra its significant product signals
are i’n the range of chem cal shift from-10 ppmto -42 ppm from-48 ppmto
-52 ppm and/or from-65 10ppmto -96 ppm The hal ogenated pol ysil ane
descri bed above preferably has typical_f&aman intensities at 110 cm1 to 130
cml, at 170 cm to 230 cm1, at 450 cnl to 550 cm1 and at 15940 cm1l to
1000 cm 1. e hydrogen content of this polysilane is referag | ess than
4 atom % 207 nd hi T eRbodPRERTOTERE noent ISt £ e BPBTEient | Bed task |
sol ved accor}milrmg;etrmtteme povent lame i pft Hate aitaEehalto,mn i shé| weritre, and 25
inits -Si -mfjlv{g}?g%c lirped lrﬁasc |tgn|f| cant product signals in the range of
[

chem cal shi rom§ ppm to ppm and/or from-45 ppmto -115 ppm
5 a) the halogen is bromine, and
b) in 2°3i-NMR spectra its significant product signals

are in the range of chemical shift from -10 ppm to

-42 ppm, from -48 ppm to ~52 ppm and/or from -65
10 ppm to -96 ppm.

The halogenated polysilane described above preferably

has typical Raman intensities at 110 cm™ to 130 cm™?, at

170 cm™ to 230 cm™, at 450 cm™ to 550 cm! and at
15 940 cm™ to 1000 cm™

The hydrogen content of this polysilane is preferably

less than 4 atom-%

20 In a third embodiment of the invention, the
aforementioned task is solved according to the

invention in that

a) the halogen is fluorine, and

25
b) in its ?°Si-NMR spectrum it has significant product

signals in the range of chemical shift from 8 ppm

to -30 ppm and/or from -45 ppm to =115 ppm.

30 This fluorinated polysilane preferably has typical
Raman intensities at approx. 180 cm™t to 225 em?, at

approx. 490 cm™ to 550 cm™ and at approx. 900 cm! to
980 cm™.

35 The hydrogen content of this polysilane is preferably

less than 4 atom-%.



30 This fluorinated polysilane preferably has typical Raman intensities at
approx. 180 cm1 to 225 cm |, at approx. 490 cm | to 550 cm | and at
approx. 900 cm1 to 980 cm 1. -9- |nafourthenbodi nmentofthei nventionthe

af orenenti oned task issolved according to the invention in that 5the

hal ogen is iodine, and b)in its 29Si -NVR spectrumit has significant

pr oduct signals in the range of chem cal shift from-20 ppmto -55
ppm from-65 ppmto -105 ppm and/or 10from-135 ppmto -181 ppm This

i odat ed pol ysil ane preferably has.typical man .i ntensities at approx. 95
cmilto 120%%h}1? at%356£§n}]e$%oiﬂﬁg%%}lfﬁgt cnﬁfVF8%§§@'anBeand at
480 cnm' to B5%2@remtlionBue hydebgeniscontentvedf tacsopdlygil dame i she

preferably liess thap 4.atem% 20 The invention also relates to a
hal ogenat ed pol ysil ane, which contains hal ogen substituents of several

di fferent hal ogens. The 295i - NVR spectra were recorded on a 250 Mz 25
i nstrunment af th@hgr%gqbg@BXi%SQohﬁg%,wgh@ t he pul se
sequencezg30andwer er ef er encedagai nst
b) in its ?°Si-NMR spectrum it has significant product
signals in the range of chemical shift from -20

ppm to =55 ppm, from -65 ppm to =105 ppm and/or
10 from -135 ppm to ~181 ppm.

This iodated polysilane preferably has typical Raman
intensities at approx. 95 cm™' to 120 cm™, at 130 cm™!

to 140 cm™, at 320 cm™ to 390 cm™? and at 480 cm™t to
15 520 cm™t.

The hydrogen content of this polysilane 1is preferably

less than 4 atom-%.

20 The invention also relates to a halogenated polysilane,

which contains halogen substituents of several

different halogens.

The 2°Si-NMR spectra were recorded on a 250 MHz
25 instrument of the Bruker DPX 250 type with the pulse

sequence zg30 and were referenced against
tetramethylsilane (TMS) as external standard
[5(*°S1)=0.0]. The acquisition parameters are: TD=32k,

AQ=1.652 s, D1=10 s, NS=2400, O1lP=-40, SW=400.
30
The Raman molecular vibrational spectra were determined
with an XY 800 spectrometer from the company Dilor with
tunable laser excitation (T-sapphire laser, pumped by
Ar-ion laser) and a confocal Raman and luminescence
35 microscope, with liquid-nitrogen-cooled CCD detector,

measurement temperature equal to room temperature,



tetramethyl silane (TMS) as external standard [6(29Si)=0.0]. The acquisition
paraneters are: TO-32k, AQ 1.652 s, 01=10 s, NS-2400, 01P-40, SW400. 30
The Ranman nol ecul ar vi brational spectra were determined with an XY 800
spectroneter fromthe conpany Dilor with tunable |aser excitation
(T-sapphire | aser, punped by Ar-ion | aser) and a confocal Raman and

| umi nescence nicroscope, with |iquid-niitgrogen-cool ed COD det ect or,
nmeasurenent tenperature equal to roomtenperature, -10- excitation

wavel engths in .the .visible reqi of . t he . spectru anpng. ot her 4.53 nm

and 750 nwnefﬁgjngﬁ¥§h8?F?gﬁg ﬁﬂﬁseﬁPh§¥% rgﬁﬁﬁggetor?%bgg Sgio Sunds for

whi ch n = 2s®eathere ruisd e hegrrberl 40> 3Sinmategrws Mdundnt 0o each ot her

directly. Therefore polynmers for which nis greater than 6 are regarded as

| ong-chain. 10 "Al nost no" neans that the m xture contains |ess than 2%

"Mainly" medi$ t Hetrt heskonhtemtabt t HESfel &pdrt constituentoi ntiweeni xture

15 compound That ars | oned toqether by S o4 bonds. The halogsnated
conpound that are joined together by Si-Si nds. e hal ogenat e

pol ysi | ane ﬁ&rn@&%ﬂﬁxﬁgﬁqﬁft(f%fﬁ??%Ren??%%risngSGGééd W PRIESASEder abl y

"mlder" (eperngwedensidy)wiplasm tondirtbons. tAsra ¢ estbt retfbed20 pel ysil ane

pr oduced, wﬁ%@ L%%%Hively hi gh average chains lengths (n= 9-25), is readily

sol ubl e and regdily fiisi bl e. The degree of branching of the chlorinated

pol ysil ane 25 was determ ned by 295i - NVR spectroscopy. It was found that

the chlayinated Rel ysid anes, or educed usi Ro.t he. ProcesSS raccordi ngytg the

i nvention have a | ow content
2%. "Mainly" means that the content of the relevant

constituent in the mixture is more than 50%.

"Backbone chain" comprises all silicon atoms of a

15 compound that are joined together by 3i-Si bonds.

The halogenated polysilane formed according to the
invention is produced with considerably "milder"
(energy density) plasma conditions. As a result, the

20 polysilane produced, with relatively high average
chains lengths (n= 9-25), 1s readily soluble and
readily fusible.

The degree of branching of the chlorinated polysilane
25 was determined by 2991 ~NMR spectroscopy. It was found
that the <chlorinated polysilanes produced wusing the
process according to the invention have a low content
of branched short-chain compounds, and their branching
points represent a proportion of the total mixture of
30 less than 1%. The branchings appeared in the 2°Si-NMR
spectrum in a region from & = -20 to -40 ppm and & =
-65 to -90 ppm. In standard 2951 -NMR spectra "of the
chlorinated polysilanes according to the invention,
only very few or even no resonances appear 1in these
35 regions, which 1s a clear distinguishing feature‘
compared with e.qg. thermally produced chlorinated

polysilanes, which have a high proportion of branching



of branched short-chain conpounds, and their branching points represent a
proportion of the total m xture of 30 less than 1% The branchi ngs appeared
in the 295i-NMR  from5 = -20 to -40 ppm standard 29 Si-NWR spectra
according to the no resonances appear a clear distinguishing and 5 - of
the ention, these feature points. This is connected with the fact that the

| atter chlorinated pol ysilanes are thennedynam cally nore favorabl e than
chlorinated polysilanes wth unbranched chains and are therefore forned

preferentlalgg |g tq%>% HQ?QQ%n éﬁ%& QFE m@ggeﬁgc# Bkhg Qk%sqgtgggcess

whi ch t akes place far away fromt ynam c equi rru
t her nody nanicéalony nagee f@mﬁzﬂﬂkﬁmﬁ%nchﬂﬁgsEﬂ&?@@ﬁmﬁ¢m€¢@llﬁd mp@eThe

content of %%Io%%uoh@neéqa@@sc@iél@lfalg%@&%@q@stma%%% NMR-@nd ,Baman e g
spectroscopy, and it was found that the content of small rings (Si4, Si5,

Sidis veryChéw!SMGEbveFe Fﬁ@QﬂﬂQﬁqr%@%%ﬁ%0P§§ﬁﬁéﬁ@§Lﬁ&ﬁﬁbd“écé@?dlng

5 thermal reaction, whereas in the plasma process, which
takes place far away from thermodynamic equilibrium,
the thermodynamically more favorable Dbranchings are

less preferred.

10 The content of cyclosilanes was also determined by 2°Si-
NMR and Raman spectroscopy, and it was found that the

content of small rings (Si,, Sis, Sig) is very low.

Moreover, the chlorinated polysilanes formed according
15 to the invention have a Raman molecular vibrational
spectrum of Iig9/I132 > 1. In particular, in the low-
frequency region there are strong Raman signals in the
range from 95-110 cm’?, whereas far weaker Raman

intensities were measured in the range 120-135 cm™’.

20
Chlorinated polysilanes produced purely thermally have
an Tigp/I132 ratio of < 1.
This may  be explained as follows. For cyclic
25 chlorinated polysilanes, theoretical, guantum-

mechanical calculations show inter alia intensive
characteristic modes between 120 cm™' and 135 cm™t. 1In
contrast, such calculations for linear Thalogenated
polysilanes do not show any pronounced modes 1in this
30 region. In contrast, the lowest-frequency, intensive
modes of the linear compounds aré displaced with
increasing chain length to smaller wavenumbers. In the
mixture of halogenated polysilanes they appear as Raman
bands between 95 and 110 cm™. To that extent, the
35 Ti100/I132 criterion provides informatién on the content

of cyclic or linear molecules.



15 to the invention have a Raman nol ecul ar vi brational spectrum of
1130/1132 1. In particular, in the | owfrequency region there are strong
Raman signals in the range from95-110 cm 1, whereas far weaker Ranan
intensiities were neasured in the range 120-135 cm1l. 20 Chlorinated

pol ysi | anes produced purely thermally have an 1100/1112 ratio of < 1. This
may beexpl ai ned asfol | ows. Forcyclic 251¢hl ori nat ed pol ysi | anes,

t heoretical, quantum nechani cal cal cul ations show inter alia intensive

characteristj.c des bet

cml. In coh?%bggéfgﬁﬁﬂaggg 2&¥%ﬁ%§?%ﬂ'pFP%@ﬁ?dha?8§8ﬁg%38 pot y$i'fanes do
not shom/anyjp%ﬂNOumcedsmxﬁﬂruhﬁnrnshéEHCthﬂZHﬂ | .nconhepast itt hes

| owest - frequency, d “Eﬁ“%ﬁ W&, ”‘%@%e%ftst hegli ”éi‘r?arrﬁ)g%po QHS é%{sell% spl.aced

wi th increasing chain ength to smallér wavenu n the mxture of
hal ogenat ed I5810ysid anesCt hey appPeeits Raped bands befo@ento®1andInio cm 1

To that @Xt%@Etl%@Qa35hﬂQ9/hé@ggéﬁbﬁgﬁl%%l@%QW%gﬁ§ f@f@é@agbeara@nbhe

content of cyclic aor |inear gP ec ‘Hﬁf q%%?a ogenat ed E i | ane produced

accor di ng t &% &S MRt o S Furd THAHACtEYY zed FRSE aFO#WeP§Ssoluble

in many sol verhs assgithat béneanceasblyeche, rﬁaﬁaeﬁlﬁrenba react sbtused for

producti on. In SOgartlcuIar the halggenated %f ys blage fornegga cordlng to
ol v S

t
the inventi & had gooéaéﬁiﬁb eiy i'ninert s ek tas
benzene, tob@énentparafﬂmnsetcconﬂnﬁ&ﬂﬁtleﬂlmbon1t@aperhﬁ&pgeaauedn cold

and hot; ©r ggq Lkag,sgl vep&gduzaas cgaLpasigow thot hechal oogeated 10

pol ysi | ane uced accordin he aforesai d publication
041 Al, wh|@ﬁbﬂé6ﬁ690§opﬁbﬁ@ 200 10y Wl o v k¢l ght extefPlithlsuch

sol vents. The hahogenahed pel vsikhapetaegerdingnt guthe sibnvemntison 15 is
preferably characterized in that its substituents consist exclusively of
hal ogen or of hal ogen and hydrogen. The hal ogenat ed pol ysil ane forned
accordi ng tohehen22®demeerdd opopyet erabl ywdwas dmigl yol ang charestoonaver age

n=8 to]%p)'is preferably characterized in that its substituents
consist exclusively of halogen or of halogen and

hydrogen.

The halogenated polysilane formed according to the
20 invention preferably has mainly long chains (on

average: n=8 to 20).

The halogenated polysilane formed according to the
invention also differs from the plasma-chemically

25 produced polysilane of the stated prior art in that the
polysilane raw mixture produced has a smaller average
chain length. Thus, the average chain length of the
resultant raw mixture of halogenated polysilane
{(average size of the backbone chain) 1is preferably n =

30 8-20. After distilling-off the short-chain polysilanes
n is preferably 15-25.

Another distinguishing criterion relative to the prior
art is that the halogenated polysilane according to the
35 invention has a iow hydrogen content (less than 2
atom-% or less than 4 atom-%) and in particular

contains less than 1 atom-% hydrogen.



The hal ogenated pol ysilane fornmed according to the invention also differs
fromthe plasma-chem cally 25 produced pol ysilane of the stated prior art
in that the polysilane raw m xture produced has a snaller average chain

| engtth. Thus, the average chain length of the resultant raw m xture of

hal ogenat ed pol ysil ane (average size of the backbone chain) is preferably n
= 30 8-20. After distilling-off the shgrt-chain polysilanes n is preferably
15-25. Another distinguishing criterion relative to the prior art is that

t he hal ogenat ed pol ysilane according to the 35 invention has a | ow hydrogen
content (less than 2 atom%or less than 4 atom% and in particul ar
cont ai ns | esgitttianrnb rat,om% hydrogerrne -d@zoFditdetnotees tiheepaliysi, | ane

according tQddiedvant] oy, Bagause bl of paprqduced,io.a plasas progess, s
of high purity wth respec? to contam nation w th doping 5 agents/ietal s
and sol vent UHAtYCh ¥istlanot hgpedr st iteguishitmgriredtiee relaki véopénghe

wet - chent caly gatchods tafl spr oducy i onsef vpatysi | angs,cipecause i ntbhge

| ast - menti oned net haods, traces of solvents and netal salt-type reagents

al ways renmaidt St ERe SpridGuct S0 BEFEICEHRar Lot h& PRI ghepuFre)ipelysi | ane
obt ai ned i nnatploasneo pr eeess: cadeor dbAg dod vidia anregnt besaneet Sid hehe
requirenentﬁa% Lmus%igne%hq%gyg&gaic%r i.e. i% i.s.of Qhoto%ﬁlta%c grade. 13
The hal ogenatéd PorysiT'dne 1S A G y viESEsust 0°SoI'FE A thi BF FAat ed

pol ysi | ane iselliasvaegreeagshtyeld owito beimghth orangeror preddicth bfawn col or
and as om ysi e it s l.Qr | | o The .t ask stated
above igwfgpggggggggééd t@gakﬁé¥tgﬁﬁ%fgérg§§ %?%ﬁg%f ﬁ%}%g%%gté' p%lysilane
of the typePdéstri heECaddve AL TEHEIT nohatbsi [iarieemitdn hygesgentdet h

production etqaipkasarsdischange, mhi ghotsvehagasterized incthat it uses a
m xture ratlg of 25 halosilane to hydrogen of 1:0-1:2 and, with respect to
pl asma di scRAPGeYOwrEhCaH 8MErgy density of |ess than 10 Wm 3.

15 The halogenated polysilane is highly viscous to solid.
As chlorinated polysilane it has a greenish-yellow to
bright orange or reddish brown color and as brominated

polysilane it is colorless to yellow.

20 The task stated above is further solved by a method of
production of halogenated polysilane of the type
described above by reacting halosilane with hydrogen
with production of a plasma discharge, which 1is
characterized in that it wuses a mixture ratio of

25 halosilane to hydrogen of 1:0-1:2 and, with respect to
plasma discharge, with an energy density of less than
10 Wem™>.

The method according to the invention is characterized
30 in that it employs "milder" plasma conditions than in
the prior art, which with respect to the plasma
discharge 1s reflected in an energy density of less
than 10 Wem™. Thus, the plasma-chemical process of the
prior art employs energy densities of more than
35 iO Wem™, whereas the process according to the invention

preferably has energy densities of 0.2-2 Wcm >.



The nethod according to the invention is characterized 30 in that it

enpl oys "mlder" plasma conditions than in the prior art, which with
respect to the plasma discharge is reflected in an energy density of |ess
than 10 Womi. Thus, the plasma-chem cal process of the prior art enploys
energy densities of nore than 35 10 Wm 3, whereas the process according to
the invention preferably has energy dengities of 0.2-2 Wm3. -14--

Energy density neans the input of power at the nonment of the gas discharge,
di vided by the excited gas volunme. 5 Moreogver, the process according to the
i nvention i s"Eh&EYac eé?‘?g@ﬂ,m?@?ﬁt P& td'HHe PfiBPYEFt 2 by A° shRT'Far
proportion eff hytrogersi ndikehatrget i nginixedr ebyThise aemcxtuse gaski o of

hal osi | ane %%lgxgrogen of 1:0-1:2 is enployed according to the invention,
so that there’i's a 10 further marked reduction in the energy input per

equi val ent of hal osilane to be deconposed. This is preferably about

850- 15305 kIRl chal.osi L ape., dhe Ju ogess aceer di §g {10- t he Jnventi ongi s
preferably 15 carried out in _a pressure range of 0.8-10 hPa. Generally this
pressure raf§érrStRirgRer t HEt dT ehe Dride BFELCForr dtowif edstfel §as

di scharges (@ocgorPEochO 0200502404 Aldhe adthiting deetstye that, in the

process according to the invention.the higher pressure O.CZﬂﬁfe,achieved
Wt hout SUpPOFERRG Ml o8 f BPLERELArSor oh SORARGE (ror: Wi oo

hi gh-vol t agemdiisghar gerorwheneas tthies iirsredefian,t edy tecessiasye i hsthe prior
art ( 0 4 ). W t the afarenent] S t, Lp the
priongfg i%gggggénlgééggéibfghkg%%gpk %@'aﬁ55$§§%ﬂ$§§90f9$§§% t%%% 1 hPa.
The coupl i ngaiavefenhe désikabodblre pdier 49 s dglcspraskidevedhin the process

according tg -tRe LRYENLLONWeEHOUE 38URBPRLI NG MBASULGS. Thus, in the
process 30 according to the invention, 1gnition can take place w thout any
probl em at 100 W Wiereas, as nentioned, a mxture ratio of halosilane to

hydrogen of r4&0-pliczdss eapkoyadnin tdetpeocesse3di @ccardi pige tOrihey
ventian, L0;L0g.pl sefe afom gal, prosess of the prier A1 i s, xture

Generally this pressure range 1is higher than 1in the

prior art for low-pressure gas discharges (e.g. DE 10

2005 024 041 Al), and it 1is decisive that 1in the

process according to the invention the higher pressures

20 can be achieved without supporting measures for the

plasma discharge (for example high-voltage discharge),

whereas this is definitely necessary in the prior art

(DE 10 2005 024 041 Al). Without the aforementioned

support, in the prior art it was only possible to work

25 at pressures of less than 1 hPa.

The coupling-in of the desired lower powers 1s also
achieved 1in the process according to the invention
without supporting measures. Thus, 1in the ©process
30 according to the invention, ignition can take place

without any problem at 100 W.

Whereas, as mentioned, a mixture ratio of halosilane to
hydrogen of 1:0-1:2 is employed 1in the ©process
35 according to the invention, 1in the plasma-chemical
process of the prior art this mixture ratio is 1:2-1:20

(DE 10 2005 024 041 Al; WO 81/03168).



-15- Regarding the tenperature of the reactor in which the process
according to the invention is carried out, the reactor parts on which the
hal ogenat ed polysilane is to 5 be deposited are preferably naintained at a
tenperature from-70C to 300C, in particular -20C to 280C. Cenerally the
tenperature of the reactor is kept relatively low, to avoid formati on of

Si. 10 Wth the process according to the-i nvention, product m xtures can
preferably be produced whose nol ecul es on average have 13-18 Si atons. For
the process according to the invention, for exanple 15 an el ectri cal
voltage or alternating electromagnetic fields can be used for producing the
pl asma discmwgyrdﬂﬂqﬁmm$quepeyaghmm/dﬂéchmﬁgesaatomekatiwbkyhlaWe

pressures (g lawhral.ars rplecrede 2029t the ar ocess, agcarding Lo the

invention,a ane 1's used as startin ance oéllane nmeans,
in the sensée@fcttcma rdcess arch:mkdnﬁgetl@am@emm%ﬁt Pohysédapeunds tef the

type HnSi X4, Q%pbéitéé1a§¥1pﬂefékabf&f%af%%hﬁﬁééuégsatQ%h%%&atHQQEVer 25
hal osi | anes mnth m_xed gfn substi t'ution can al so_be used |n t he process
accor di ng t & 4%He |39eﬁt|Bﬁ 0%fhe das Rpkthre! %ﬁalo%@l%néxhné Ry &rogen)
used in thegenecess yaccordi @ﬂ@ﬁmﬂQVMI ofth€anradditbi-onakl y kbet30

diluted mnth ﬂn |neﬁgg sand@prcancont %dnlxt r§§, whi ch pronote pl asna
product i on. “FHé SadifitRt ard  of 9 Aty §E§a S %hot"" Moviever, absolutely

necessary in the process according to the invention. 35 In another

e od TR LN PLORGRRACCOLA) 00y 0yt e, | BNENL B, el oot Lan e added

to the n strea fter t as passed th asma zone
-16- mlxtures can preferably be produced whose mo ecules on

average have 13-18 Si atoms.

For the process according to the invention, for example
15 an electrical voltage or alternating electromagnetic
fields can be used for producing the plasma discharge.
High-frequency glow discharges at relatively low

pressures (a few hPa) are preferred.

20 For the process according to the invention, a
halosilane is used as the starting substance.
Halosilane means, in the sense of the process according
to the invention, compounds of the type H,SiX,., (X = F,
Cl, Br, I; n = 0-3) and mixtures thereof. However,

25 halosilanes with mixed halogen substitution can also be

used in the process according to the invention.

The gas mixture (halosilane and hydrogen) used in the
process according to the invention can additionally be
30 diluted with an inert gas and/or can contain
admixtures, which promote ©plasma production. The
admixture of inert gases 1is not, however, absolutely

necessary in the process according to the invention.

35 In another embodiment of the process according to the
invention, halosilane is added to the hydrogen stream,

after the latter has passed through a plasma zone



(renote plasma). In this case both the hydrogen gas and the hal osil ane can
be diluted with an inert gas and/or can contain adm xtures that pronote

pl asma production. The haiosilane can al so be used diluted w th hydrogen.
In the process according to the invention, preferably iiuoicsiianes or
chlorosilanes are used as hal osilane. An especially preferred starting
conpound is SiCl4. 10 The hal osil ane: hydyogen volune ratio in the
producti on of the halogenated ponS|Iahe is preferably 1:0 to 1:20, nore
preferably 1:0 to 1: invention js described bel ow on the basis

of 15 exanpl @%emoé?arib]faesnia A W xtut® of S50B°5Rof heHR YEKA 9560 IS0t SSi O 6
(1:1) is fedm20 hatesaldareactor badeiohtgdamtiziglassinthe peecess frressure
bei ng kept %pnstantténnthgmgaggres g %t8 hPa Tranﬁltlon fcfh§f as mxture
to the plasna statetts t heh &t Fegsed By §h-% r ByGahcy PdioSarge s and t he
chl ori nat ed Tpd y=i llcarid anfwatcaforatss d §>edem:£si tdadUdIEd het 25 hywbodeeh ( 200)
quartz gkass walls of the reactor. The power input is 400 W After 2 hours
the yellow to orange-yellow product is renoved fromthe reactor by

di ssol vi ng i ath¢t PIrecSEE1ACHLENT efBvalncof 1 hen'Si @14 pAGdengddium 91. 1

g polysil anefllu%ﬂc%fltlabl%@ gk i @hw@os@la@ém gfrearu%@ng@ yelhlewiwingcous
mass. The avera ul ar is determ ned cr osc y as appr ox.

1000 ol o e A T i R aF dive | T L

corresponds to an average 35 chaln Iength of approx n 17 for (SiCl2)n or

approx. ; for n+2 ti i to_C. in the oduct
nlxture |s ﬁétern?%%%sﬁ Y deconp% ??oﬁ b3mgh oridéagﬁgraffbn gégording

to Mohr as Siro@l=Lizn( whi chh@ohaés;p@nd§etio adHe sanpird cab  pardkyeidal )
formula 51032),. +, 1:20, more preferably 1:0 to 1:2.

The invention 1s described below on the basis of

15 examples.

Examgle 1

A mixture of 500 sccm H; and 500 scem SiCly (1:1) 1is fed
20 into a reactor made of gquartz glass, the process
pressure being kept constant in the range 1.6-1.8 hPa.
Transition of the gas mixture to the plasma state 1is
then effectzed by a high-frequency discharge, and the
chlorinated polysilane that forms 1is deposited on the
25 cooled (20°C) quartz glass walls of the reactor. The
power input 1is 400 W. After 2 hours the vyellow to
orange-yellow product 1is removed from the reactor by
dissolving in a little SiCl,. After removal of the SiCly
under vacuum, 91.1 g polysilane 1is left behind in the

30 form of an orange-yellow viscous mass.

The average molecular weight is determined by cryoscopy
as approx. 1700 g/mol, which for the chlorinated
polysilane (SiClz), or SipClsnye corresponds to an average

35 chain length of approx. n=17 for (SiClghl Or approx.
n=16 for SipClops«s.



5 The hydrogen content is 0.0005 mass-% and accordingly well below 1 nmass-%
(as well as below 1 atom %, as can be seen fromthe foll ow ng H NWR
spectrum (Fig. 1). For this, the integrals of the solvent are conpared at
5= 10 7.15 ppm and of the product at 6= 4.66 ppm The content of the

sol vent C6D6 is approx. 25 mass-% and its degree of deuteration is 99%
Typical Si -NVWR shifts at approx. 3.7 ppny--0.4 ppm -4.1 ppmand -6.5 ppm
can be seen fromthe foll ovvi ng spectrum (Fig. 2) These signals are within

the range of;, shi or n 2) i.ch | |c of signals of SiC13
end groups (pri rr%%;ﬁllé % d%é\d C(]qu whi ch i é@ du|c(:fal mf{%m gnal'§ of
Si C12 groupsletsswonddr yagteQO G o) s Sluicdn adnt herihlalred}@r eSentatopnexarrpl e

as connectipg.bi-nks 'ncé h@omgléw %f Joinean chah sy Tébefﬂe%gs
short-chai n branche npounds, . decachl oroi sotetrasil ane (armng ot her s

6= -32 ppm) th?SQ@BélééﬁéFil é@BﬁééﬂfSéﬁ?éél farButansnaglot hers 5= -80 ppm) can
al so be sseen fromthe next "sl-NWR spectrum (Fig. 2) By integrati on of the

" Si - NVR speihra it can be seen t hat t tent of SI| con atg ch
formthe braREhitNgp&isht sCBFthe dffor- n"fPAce &‘ﬁl refatt én%byto t he
total produstlim kelupe Lsm@s6- l%as(sl-s%wid S |hseﬂceesl t dtadm 4% rrB.SaSs Y%aan

"SI AR spentr 3 Ehesb foura SRow ARaTp el Snal s b (LG hhi (540 6, 9=
-1.7 ppm (SEBGHi cXhes-intEgm gplgm ¢85 t@@lli@)lvemtt @h@s@Oalp@rﬁdt a‘fou@fi - 18-

A typical Ranas ggﬁnegﬁaaefvweatpl&%lcts@%ctawrm e the, chtprinat ed, ¢
pol ysilane is shown bel ow 3). The spectrum has an 11n/1139 ratio

greater thapfithe. gcolyget rfrﬁﬁ 1 hit 8BRBFPY - at 0180 56me1 Ad §% Feg ke’ y

hi gher 5 thandé¢hatratids2iemds(1132). The spectrumof a thermally
produced perchl oropol ysilane nmixture and the cal cul ated spectrum of
octachl orocycl otetrasil ane (Si 4018) are given for conparison, and in each
case the rafypiceVerfses-NR| $03/tE321 esspthan 13..7 ppm, -0.4 ppm,

15 -4.1 ppm and -6.5 ppm can be seen from the following
spectrum (Fig. 2). These signals are within the range
of shifts for (1) and (2), which 1is typical of signals
of SiCl; end groups (primary Si atoms), and (2), which
is typical of signals of SiCl, groups (secondary Si

20 atoms), such as they are present for example as

connecting links in the region of linear chains.

The low content of short-chain branched compounds, e.g.
decachloroisotetrasilane (among others &= =32 ppm),
25 dodecachloroneopentasilane (among others &= -80 ppm)
can also be seen from the next 2°Si-NMR spectrum (Fig.
2). By integration of the 2951 -NMR spectra it can be
seen that the content of silicon atoms, which form the
branching points of the short-chain fraction, relative
30 to the total product mixture is 0.6 mass-% and so 1is

less than 1 mass-—-%.

Low-molecular cyclosilanes cannot be detected in the
mixtures. In the “?Si-NMR spectra these would show sharp

35 signals at o= 5.8 ppm (Si4Clg), o= -1.7 ppm (SigClig), &=
-2.5 ppm (SisClyz), but these are not found.



10 This diagram al so shows, as an exanple, a section of a theoretical

curve. For this, the quantum chem cally cal cul ated nodes {Hohenberg P, Kohn
W 1964. Phys. Rev. B 136:864-71; Kohn W Sham U. 1965. Phys. Rev. A 15
140: 1133-38, W Koch and M C. Hol thausen, A Chemist's GQuide to Density
Functional Theory, WIley, Winheim 2nd edn., 2000] are adjusted with a

Mul ti-Lorentz peak function, which roughly sinulates the experinental

spectr al resolution Wth respect to the absolute 20 intensity, the

t heoreti cal ormalized, so that it fits well in the gla ram for

vi ewi ng. TheA er%%F%i 69 eSS hra Y h?élBEaEéoPﬁlt I Hedty 8 at e
directly framldwercelecul avilgnifirom fis stshprimcbplles: cakegl atdon. Tﬁbls

shoul d showQ%$?g%égﬁ:ggglg§ ikn O?ESItEg%l%r égyé?ﬂﬁﬁg cycl&c pol¥§|lanes

The data of n spect rum’poihit to.a IPower con of cyc
pon5|Ianes1$$W¥helpta§ﬁatﬁheﬁ¢céWWyC@roddéeM>poi§SLm%Wk£¢ﬁyt@mehewhlch is

consi st ent wiidh e VR data deee ahoye)7nd0sExanple 2r A Ehkiineigf 300
scorn H2 and 600 sccm Si Cl4 (1:2) ed into a reactor nade of quartz
gl ass, the ﬁFG@&&?@y?ﬁﬁ9§$ﬁﬁQ?Qkﬁ%ﬁ}%&ﬁnm%%ﬁ%ﬁ%ﬂ@“?nt?ﬁeCﬁéﬁ@éaieg 1.6

hPa. Transi tdger tafunt h&)igasoa’i:&t:ldﬂérb@ybmﬁt@{:Qéﬁﬁléh@te issi then etfected by
a high- frequenc¥'d|schar chlorbnated oI S|Iane t hat
e

forms is deydsiTed 6h th m@&&ﬁé&“’ZOéquuéPtzeaF ss “R&Fl s "8F t h&tr8act or .
The power i nputerises4B0WL; Af/tles, 4eeurrsanhé .or ange-yel | ow product is renoved
fromthe,reactor by dissolving in a5 little SiCl4. After renoval of the

Si C14 under vacuum 187.7g of chlorinated polysilane is left behind in the
form of an dhasgelyelneow a/di sSTotowassas an example, a section of a

theoretical curve. For this, the quantum-chemically
calculated modes [Hohenberg P, Kohn W. 1964. Phys. Rev.
B 136:864-71; Kohn W, Sham LJ. 1965. Phys. Rev. A
15 140:1133-38, W. Koch and M.C. Holthausen, A Chemist's
Guide to Density Functional Theory, Wiley, Weinheim,
2nd edn., 2000] are adjusted with a Multi-Lorentz peak
function, which roughly simulates the experimental
spectral resolution. With respect to the absolute
20 intensity, the theoretical curve was normalized, so
that it fits well 1in the diagram for viewing. The
relative intensities o©of the ©peaks in the theory
originate directly from the <calculation from first
principles calculation. This should show that certain
25 intensities are typical of cyclic polysilanes. The data
of the Raman spectrum point to a lower content of
cyclic polysilanes in the plasma-chemically produced
polysilane mixture, which 1is consistent with the NMR
data (see above).
30

Example 2

A mixture of 300 sccm H; and 600 sccm SiCly (1:2) is fed
into a reactor made of quartz glass, the process
35 preséure being kept constant in the range 1.5-1.6 hPa.
Transition of the gas mixture to the plasma state is

then effected by a high-fregquency discharge, and the



The average nol ecul ar weight is determ ned by cryoscopy 10 and is approx.
1400 g/ mol, which for the chlorinated polysilane (SiCl2), or SinCl 2,1i.2
corresponds to an average chain | ength of approx. n=14 for (SiCl2)c or
approx.. n=13 for Sic C2a+2 15 The ratio of Si to O in the product

m xture is determ ned after deconposition by chloride titration according
to Mohr as Si:Cl=1:1.8 (which correspands to the enpirical (analytical)
formula SiCl1.8). 20 The hydrogen content is well below 1 mass %(0 0008%
(al so bel ow atom96€¥ije as.can. be s %lg fromthe, fol owln pectrum

fre

(Fig. 4). T2 G%e PRtEgtarsco GiVent Sar O%t £7.15
ppm and of td’t&lm‘d)dtﬂ@@ ar 5}&5&1:725 @pa%s 25za'lme cofit e;mie Ofeéhdi’l‘eoﬁm u‘a@t C6D6

i S appr ox. A S ts re t I 9 y .. 2951 - NMR
shifts at a%pr‘"{)%s J_ng%gg 4@&% e§0 4 %fﬁtr m%ﬂﬁ% %%%g-g &eggnwge seen
fromthe foldmsiusrg slﬁécmrum”é@l érOE) th?hé@@@@n@_\s QI@SWVhIM thear ange of

shifts at (h);qnd (e whithds typieal ofr SékQéWa‘sJS_C@I Sh&d3 end,groups
(primary Si atoms) nd ), which is typical of nals of Si C12 groups

(secondary Si8” 3§9at%s§h£%%%a*a%dtﬁ@§/yéll aﬁ?eslénth st el@sthe
connencti ng fdmksf At ke are@-gr 1afow ieadlowGhaiads. -20- The | ow content of
short-chai n branched conpounds, e.g. decachl oroi sotetrasilane (anong ot hers
6= -32 ppn), dodecachl oroneopentasil ane (anong others 5= -80 ppm (these
signal s ar e Twiet kivetave marigeswfashidightatif et &Srmhnedt bg typbeabpof

signal s, 6’]‘: g oCly g7 2 Sdert @éy%ﬁ}w f‘to'm? chango(r4)thé'\h ﬁhjomgwgca' of

signals o group s th exc usi ySi stituents quat ernary
atons)), cavoBgsseéensf riGmCilhen f@lmcﬁgnsp@@rraweﬁdg tg) anBgvengegrati on

of the 295i -N¥RnSPELE o | toﬂagpﬁﬁo;lo sean that thei€ontendy ofpgikhbi.con
atons, which form said branching points (Si-Cl groups tertlary Si  atomns)

and Si gr oups i £RTexXdrusivel y Si substituents (quaternary Si atons)) of
the short-chain fraction, relative to the total product mxture is 0.3

-0 i 0
Mass /6f§d %%els | SS th?n %lnags 'él in the product mixture is
determined after decomposition by chloride titration

according to Mohr as Si:Cl=1:1.8 (which corresponds to

the empirical (analytical) formula SiCli.s).

20 The hydrogen content is well below 1 mass-% (0.0008%)
{also Dbelow 1 atom—-%), as can be seen from the
following ‘H-NMR spectrum (Fig. 4y . For this, the
integrals of the solvent are compared at &= 7.15 ppm
and of the product at o= 3.75 ppm.

25
The content of the solvent Cg¢Dg is approx. 27 mass-% and

its degree of deuteration is 99%.

Typical 2°Si-NMR shifts at approx. 10.9 ppm, 3.3 ppmn,
30 -1.3 ppm and -4.8 ppm can be seen from the following
spectrum (Fig. 5). These signals are within the range
of shifts at (1) and (2), which 1is typical of signals
of SiCl; end groups (primary Si atoms), and (2), which
is typical of signals of SiCl, groups (secondary Si
35 atoms) , such as they are present for example as

connencting links in the region of linear chains.



Low nol ecul ar cycl osil anes could not be detected in the m xtures. These
ought to show sharp signals at 5= 5.8 ppm (Si 4C18), 5= -1.7 ppm (Si 5C110),
5= -2.5 ppm (Si 6C112) 20 in the 29Si - NWR spectra, but cannot be identified
with certainty in the spectrum as the spectrum has a | arge nunber of
signals in this region. The peak at approx. -20 ppmoriginates from
the solvent 25Si Cl4. Exanple 3 A m xturg_of 200 scorn H2 and 600 seem Si C 4

vapor (1:3) 30 s fed into a reactor nmade of quartz gl ass, the process
pressure bel t constant in the range 1,50-1,55 hPa. Transition of the
gas m'xture > t % p?%’%%ngtﬁlfesmrFﬁ‘éﬁgéFf@EF@Shﬁfﬁ éfoﬁipﬁhmldtseqlfet%y

di scharge, amataddiel @ iord that ets jpadngsi | mrighatotf}mm izs= deypasi tegeh)gn the 35
cool ed (20C t SS s of, the I tar. ower i t _is . 400W
After 2h 9 rﬁo(rll}ét e&ol%!alﬁbge \Aﬁ%r{tamlan uct %?% em)ve rggnthgbodrjeé)@tn}gr by

di ssol ving ifitese 2dighats| erSi GL4hIAf tigre r eppyal of 3hef 1S Ch4 urder

vacuum 86. 5,9 of chl erinated pol ysi)ane b% Isej-tclb mgwg?gn (e diantp of an

or ange-yel | ow Vi scous nass. The aver age nol ecul ar etermned by
cryoscopy and i 3CApbroxan430@ ) g/ B1LClnhi Eht¥Bi Cehe %I%ﬁf@ffﬁa}t%doéolsym | ane

(Si Cl2)n or Si m@&"&ﬁtmé&@&p@mdapomn %@gﬁ;&t@ nengthn oty appr ox.

n=13 for (Slgtlg%ﬁr} rgx n=12 for Sind ri+2 Theratloo Si to d
in the Proddct’ >3t’ur°e sPUefEFMH &G af %&?t?@ﬁcﬁi}u@hl 6rdde
titrati on acgor ddng ltmtel\qhmtm SDf Ct:hb 129$1(-NMRCFB@®CE’EJE£pQIﬁdSCJIO bhe
enpiric ( |y T dro en, content wel |
bel ow 1%nas§%‘%on( ghgac % eI ow &?n 25&”% a% %e geen fSroﬁq t he

fol | owi ng 1PqINNRh§@@ctHQﬂmi($l QSlﬁ}l E@@uphl S(tetrﬁi@alm/t eyr absom$) t hedsol vent
are Conpare@lat1§ﬂ%ﬂ§5wpgﬂ1@leaglggl§h@hpr§ﬁggﬁl@&e@tg Zéugggknlgg cont ent

of the solvent C506 is approx. 30 masS-% and its degree of deuteration is
99% '29Q e&lt Whicgs ol - P FH- T hplgt okcadlol @n pphe L@t Bve to the

total product mixture is 0.3 mass-% and so is less than

15 1 mass-%.

Low-molecular cyclosilanes could not be detected in the
mixtures. These ought to show sharp signals at &= 5.8
ppm (SisClg), o= -1.7 ppm (SisClig), &= -2.5 ppm (SiegCliy)
20 in the 2°Si-NMR spectra, but cannot be identified with
certainty in the spectrum, as the spectrum has a large

number of signals in this region.

The peak at approx. -20 ppm originates from the solvent
25 SiCly.

Example 3

A mixture of 200 sccm Hpy and 600 sccem SiCl, vapor (1:3)
30 is fed into a reactor made of quartz glass, the process
pressure being kept constant in the range 1.50-1.55
hPa. Transition of the gas mixture to the plasma state
is then effected by a high-frequency discharge, and the
chlorinated polysilane that forms is deposited on the
35 cooled (20°C) quartz glass walls of the reactor. The
power input is 400W. After 2h 9 min the orange-yellow

product 1is removed from the reactor by dissolving in a



25 ppm -1.3 ppmand -4.8 ppmand the | ow content of short-chain branched
conpounds, e.g. decachlorcisotetrasilane (anong others 5= -32 ppm,
dodecachl or oneopent asi | ane (anong others 5= -80 ppm (these signals are

wi thin-the range of shifts at (3), 30 which is typical of signals of Si-Cl
groups .(tertiary Si atoms), and (4), which is typical of signals of Si
groups with exclusively Si substituentsq(quaternary Si atons)), can be seen
fromthe follow ng spectrum (Fig. 7). 35 -22- dodecachl oroneopent asi | ane
(among ot hers, 6= -8 m ese SI na n.the range of shifts at
(3), which i's %ys gjr g‘*f sé‘lgﬁeaq sr8]f“ F‘ gr%h% Q%?é?t?ﬁfiﬁrSlvaﬁ%) and
(4), which isstyp cat ofilstgmnatsd oboSysgfLeups iwl tlhe @eixchbelsi M@l ynSithe

substi t uent ( t ar i _al ) e fromthe foll ow ng
spectrum (F;ng q“7%fe & O>nétag€1 ra&%gﬁ(%‘;‘ Vﬁh%e%ogﬁs?rl spectra it can be seen
that the content of 5| i con atons, which formthe stated branching poi nts

(Si-C gsouns,d tefdd Ay ﬁlé&llaéprwal@f Sk &é@é’?ﬁl%ghb9xglr%'s\é%@g/

substituents (quaternary Si atons he short-chain fraction, relative
to the total2hFr otEictERRLEUr elf’googém%ss IRigid §8%1 sties St RaRNEtRESS- %

Low ol ecul gfo16)Gl16Siel a@@ug@nr&t mmgg+@CE@@respbhgsrrltz§t HheSyelBgee ought

to show sharp signals 5= 5.8 m (Si m 5i 5C110 =-2.5
o (91 600 13 At e a8k Ve CRERTr o f T EhhnotS B3 ot | PG

certainty i m=tlRe fepectir0in..as the spectrum has a | arge 20 nunber of signals
in this,region. The peak at approx. -20 ppmoriginates fromthe sol vent
Si C14. Exanple 4 A m xture of 300 scan H2 and 240 scorn SiBr4 vapor is
fed into a féact ortAadecdf Yuartz dllassin t Bépr peesisiair essurtarieei ng kept

constant ingthe fegian 9f-0,8 é?@omp%’sﬂ%' tuyonc@lflotrﬁ%lega%l'ﬂkétt%% to the
pl asma state is then effected h-fre uency di scharge, and

br omi nat ed P6C§SPraGe ttond\ﬂOk}lUr?ﬁbséleﬁgsﬁt éd o "HE T 0gp Bee § 20y S qEQrtz
gl ass wal | stat theiteagtonanihetpowern ifbpul:1essi40.W) After 2 hours the
col or | eiimpr oduct is renoved fromthe reactor by di ssol vi ng in benzene.
After val of the benzene under vacuum -23- 55.2 g of brom nated

pol ysi | ane Temaimgidayerhecdoreniof ia whiltle prisdw ofl crast-el s(0TheOager age

mol ecul ar weLght, I 5 48fer i ned BY oGrYOSCOPY.an  be seen from the
following ‘H-NMR spectrum (Fig. 6). For this, the

integrals of the solvent are compared at ©=7.15 ppm and

20 of the product at 0=3.74 ppm. The content of the
solvent CgDg 1is approx. 30 mass-% and its degree of

deuteration is 99%.

The typical ?°Si-NMR shifts at approx. 10.3 ppm, 3.3
25 ppm, -1.3 ppm and -4.8 ppm and the low content of

short-chain branched compounds, e.g.
decachloroisotetrasilane (among others &= -32 ppm),
dodecachloroneopentasilane (among others &= -80 ppm)

(these signals are within the range of shifts at (3),
30 which is typical of signals of Si-Cl groups (tertiary
Si atoms), and (4), which is typical of signals of Si
groups with exclusively Si substituents (quaternary Si
atoms)), can be seen from the following spectrum (Fig.
7).
35
The low content of short-chain branched compounds, e.g.

decachloroisotetrasilane (among others &= -32 oppm),



5 and is approx. 1680 g/nmol, which for the brom nated polysilane (SiBr2)fl
or SinBr2nd_2 corresponds to an average chain | ength of approx. n=9 for
(SiBr2), or approx. n=8 for Sin3r2n+2 10 The ratio of Si to Br in the
product m xture is determ ned after deconposition by bromde titration
according to Mohr as Si:Br=1:2.3 (which corresponds to the enpirical
(analytical) fornula SiBr2.3). 15 The-hydrogen content is well below 1
mass-% (0.01% (also below 1 atom %, as can be seen fromthe foll ow ng

l'i - NMR spectyr Ei IS, the 1 r the salve re
conpared at hgggc%ghggragéﬁgggbt{aﬁé§aﬁ%dué%ﬂglﬁgG%E%e%%)m&?’he%gonpéﬁ? of the
sol vent 20 C506ses sdppreoy. B0e nHsShdgarid s tsameyr eé othiddut erfatilén i s 99%

The typical ,293h- NNR shi £ (Birg.siYnARPEaF ish-the Janges frem+1lg .ppmto
-40 ppm from -49 pmet/o -51 !opm and 25 from:-72 pgmto -91 ppm The peak
4.

at approx. >S90 GPHAri dilttat €8/ f r ¥iChe SduYPSFBF 4053 51 caf Raman

mol ecul & vikpabkondlthspeet Tuen ©f1 ¢ hei brsomisnated pd ysihanerdsrghown bel ow
(Fig. 10). The spectrum has typical Raman intensi.ties at approx,..110 cm1
Lo 130 cm | 2 45170 Gt Ko 240 chT T ab 480 4 L% BS0°Chid ARt0at 640
cml to 1000)cmBy inRdgrExanpl @5 Ahmi X{SieNlik @Gcgoor nih2 cnd 56 so=
SiF4 gas is;Led AL 3Rl AR LPACLEr o1 LNERT QLSS PraSSUT e befngykept S
constant in the region of 1.2 hPa. Transition of the gas mxture to the

pl asma st at étpseeherenteired BYLAThi ghSirequentyudPschargeiaard Bhe

fluorinat edapehysi laare $hat Hapes dsclepesitiedyonyt ha coehed: (20003 walls
of the reactor. The power input is 100 W _After 10 2 h the colorless to

yel | owi sh- b&fgREGATEEY productt 9% rlentifed thRont ERECFEAEEDBr BYREF$SB! ving in
cycl ohexanerePitetver eonovak abtthe pseldvent minderevacuum 6 Qnds g-ofand

fl uori nat edsgollgsiésagetkrlaermi nI%aisg_;he formof a white to yell ow sh-beige
solid. The average nol ectll'ar werght "i s determ ned by oryoscopy and is

approx. 2500 ginmol, which for the fluorinated polysilane. (SiF2)n (M66.08)

or Sink2, 2 T o] ver hai n BRrOX. 1 R= or
(Sii Thl?%r 2%2;;6?%5@%3%% fcg;rklgoisﬁlzlg%%fg-%% ggﬁygﬁrﬁ%gg% contecear(lt l?ss%e | bel ow

1 mass- % (arsotuheler Thaeemyntasteafilbe SESH D rohythes f 81 W ny- 8 H NVR
spectrum (Rbgn 1d),cle), 8= -1.7 ppm (SisClig), &= =2.5 ppm (SieCliz)
in the 2°3i-NMR spectra, but cannot be identified with
certainty in the spectrum, as the spectrum has a large

20 number of signals in this region.

The peak at approx. -20 ppm originates from the solvent

SiClg.

25 Example 4

A mixture of 300 sccm Hy and 240 scem SiBry vapor is fed
into a reactor made of quartz glass, the process
pressure being kept constant in the region of 0.8 hPa.
30 Transition of the gas mixture to the plasma state is
then effected by a high-frequency discharge, and the
brominated polysilane that forms 1s deposited on the
cooled (20°C) quartz glass walls of the reactor. The
power input 4is 140 W. After 2 hours the colorless
35 product 1is removed from the reactor by dissolving in

benzene. After removal of the benzene under vacuum,



25 . Thetypical 29 Si-NWR shiftsofthefluorinated poiysilane appear in the
range from-4 ppmto -25 ppmand/or from-50 ppmto -80 ppm 30 A Raman

nol ecul ar vi brati onal spectrum of the fluorinated polysilane has typi cal
Raman intensities at approx. 183 cm1l to 221 cm1, at approx. 497 cm1l to
542 cm and at approx. 900 cm1l to 920 cmh -25- Exanple 6 A m xture of 60
seem 1-12 and 60 scorn 5i14 vapor is fed-into a reactor made of quartz

gl ass, the process 5 pressure being kept constant in the region of 0.6 hPa.

Transition gf bhe gas Woture 4o Lhe, ol asm@ stanents sthemeffogh edcby a

hi gh-frequency drsch arge and the 1 odated polysilane that fornms is
deposi ted oA Fhéteo®red P20€rv§harez glass walls of the reactor. The 10
power input is 100 W After 2 h the reddi sh- yeIIOM/product is renoved from

under e Lo Su e o 45, SR e TN 11 B gE] onerere
reddish{yelbnM/trst@mnksm s@BBd gYmob, Thﬁxaﬂer&garnmhecubammMEag@ﬁ IS
det erm ned b ¥9§%8p §$gﬁ|50%p%roér8%§§ réén&@lgg £°ra5§$ %gdated

pol ysil ane { ) corrésp aver age chain gth of
approx. n= 9ch@Ln($ﬁthh of approx. m=g 20for SiBrQZL(Mﬂ Poprox . n=8

for SisBrons.

10 The ratio of 81 to Br in the product mixture is
determined after decomposition by bromide titration
according to Mohr as Si:Br=1:2.3 (which corresponds to

the empirical (analytical) formula SiBr;. ;).

15 The hydrogen content 1s well below 1 mass-% (0.01%)
(also below 1 atom-%), as can be seen from the
following 'H-NMR spectrum (Fig. 8). For this, the
integrals. of the solvent are compared at &=7.15 ppm and
of the product at 5=3.9 ppm. The content of the solvent

20 Ce¢Dg 1s approx. 30 mass-% and its degree of deuteration

is 99%.

The typical ?°3i~NMR shifts (Fig. 9) appear in the range
from -15 ppm to -40 ppm, from -49 ppm to -51 ppm and
25 from -72 ppm to -91 ppm.

The peak at approx. -90 ppm originates from the educt
SiBr4.

30 A typical Raman molecular vibrational spectrum of the
brominated polysilane is shown Dbelow (Fig. 10). The
spectrum has typical Raman intensities at approx.
110 em™ to 130 cm?, at 170 cm - to 230 cm*, at 450 cm™
to 550 cm™* and at 940 cm™ to 1000 cm™.

35



The ratio of Si to |l in the product m xture is determned as Si:1=1:2.3
(which corresponds to the enpirical (analytical) fornula Si12.3). 25 The
hydrogen content is well below 1 nass-% (al so under < 1 atom%. The
typi cal 29Si-NWR shifts of the iodated polysilane 30 appear in the range
from-28 ppm to -52 ppm from-70 ppmto -95 ppmand/or from-138 ppmto
-170 ppm A typical Raman nol ecul ar vibéati onal spectrum of the iodated

pol ysil ane has typical Raman intensities at 35approx. 98 cm1l to 116 em 132

cml 1, aLLgxgﬁélgrrsl, at 325 rm1 to 350 cm and at 490 cm1 to 510 cm 1.
MCSUP - 26 = claims 1. A hal ogenated pol ysilane as pure conpound or

5 m xture of conpounds each having at |east one direct Si-Si bond, whose

substituents ganrsiste ofr habogen-wr ©f dadogen anth hygdregeasand i fed he
conpositi on,ggawhi ch the atomic ratjo of substituent to silicon is at |east

1:1, wherein g) A6 Kal ogen 9% chidr PRECCE) FHE Hthoden Eont @Rt of the

pol ysi | @ne tsnbesstthan 2hat ame¥pon of 1.2 hPa. Transition of the
gas mixture to the plasma state 1is then effected by a

high-frequency discharge, and the fluorinated
polysilane that forms is deposited on the cooled (20°cC)
walls of the reactor. The power input is 100 W. After

10 2 h the colorless to yellowish-beige-white product is
removed from the reactor by dissolving in cyclohexane.
After removal of the solvent under wvacuum, 0.8 g of
fluorinated polysilane remains in the form of a white
to yellowish-beige solid.

15

The average molecular weight is determined by cryoscopy
and 1s approx. 2500 g/mol, which for the fluorinated
polysilane (SiFy)n (M=66.08) or Si,Fan«» corresponds to an
average chain length of approx. n=38 for (SiF,), or

20 approx. n=37 for SipFone.

The hydrogen content is well below 1 mass-% (also under
1 atom-%), as can be seen from the following 'H-NMR
spectrum (Fig. 11).

25
The typical 2951 ~NMR shifts of the fluorinated

polysilane appear in the range from -4 ppm to -25 ppm
and/or from -50 ppm to -80 ppm.

30 A Raman molecular vibrational spectrum of the
fluorinated polysilane has typical Raman intensities at
approx. 183 cm™t to 221 em™, at approx. 497 cm! to
542 cm* and at approx. 900 cm™t to 920 cm™t.

35



15 c¢) the polysilane contains hardly any short-chain branched chai ns and
rings, and the content of branching points of the short-chain fraction
relative to the total product mxture is less 20than 1% d) it has a Raman
nmol ecul.ar vibrational spectrumof 1-00/1132 > 1, where 1100 denotes the
Raman intensity at 100 cm 1 and 1132 denotes the Raman 25intensity at 132
cml, e) in 29Si-NWR spectra it has itgbsignificant product signals in the
range of chemical shift from+15 ppmto -7 ppm 30 2. A hal ogenat ed

pol ysi | ane %%égﬁgg gonpound or m xture of conpounds each having at |east
one direct = , whose substituents consist of hal ogen or of hal ogen

and hydrogen and in the 35conposition of which the atomc ratio of

substituent at gnssidi€ONcks cat deastiy,lidhg Weer ei-knd)s the halpgensi gebrom ne,

and NCSLLPinto a reactor made of qguartz glass, the process

5 pressure being kept constant in the region of 0.6 hPa.
Transition of the gas mixture to the plasma state is
then effected by a high-frequency discharge, and the
iodated polysilane that forms 1is deposited on the
cooled (20°C) gquartz glass walls of the reactor. The

10 power input is 100 W. After 2 h the reddish~yellow
product is removed from the reactor by dissolving in
cyclohexane. After removal of the cyclohexane under
vacuum, 8 g of iodated polysilane remains in the form
of a reddish-yellow to brownish solid.

15
The average molecular weight is determined by cryoscopy
and 1s approx. 2450 g/mol, which for the iodated
polysilane (Sils), or Siplzysz corresponds to an average
chain length of approx. n=9 for (Sil;), or approx. n=8

20 for Sin12n+2.

The ratio of Si to I in the product mixture 1is
determined as Si:I=1:2.3 (which corresponds to the
empirical (analytical) formula SiIy.s).

25
The hydrogen content is well below 1 mass-% (also under

< 1 atom—-%) .

The typical #°Si-NMR shifts of the iodated polysilane
30 appear in the range from -28 ppm to -52 ppm, from -70
ppm to -95 ppm and/or from -138 ppm to -170 ppm.

A typical Raman molecular vibrational spectrum of the
iodated polysilane has typical Raman intensities at
35 approx. 98 cwt Lo 116 cm™', at 132 et Lo 138 em™, at

325 cm™ to 350 cm™t and at 490 cm™' to 510 cml.



- 27 - b) in 29Si-NYIR spectra it has its significant product signals in
the range of chemical shift from-10 ppmto -42 ppm from-48 ppmto -52

ppm and/or -65 ppmto -96 ppm 3. The hal ogenated pol ysil ane acco%ﬂgggggo
claim?2, characterized in that intensities at 110 cm1 230 cm1, 101000

cm 1. It has typical Raman to 130 cm3% 1470 cm1 to 4. The hal ogenat ed
pol ysil ane according to claim2 or 3, characterized in that the hydrogen
content of the polysilane is less than 4 atom % 15 5A hal ogenat ed

pol ysi | ane as pure conpound or m re . of ounds each having at | east
one direct Si-Si bond, whose substi%ﬁ%ﬁtglggﬁgist of hal ogen or of hal ogen

and hydrogen and in the 20conposition of which the atomc ratio of
1. A halogenated polysilane as pure compound or

5 mixture of compounds each having at least one
direct Si-81i bond, whose substituents consist of
halogen or of halogen and hydrogen and in the
composition of which  the atomic ratio of

substituent to silicon is at least 1:1, wherein

10

a) the halogen is chlorine,

b) the hydrogen content of the polysilane is less
than 2 atom-%,

15

c¢) the polysilane contains hardly any short-chain
branched chains and rings, and the content of
branching points of the short-chain fraction
relative to the total product mixture is less

20 than 1%,

d) it has a Raman molecular vibrational spectrum
of Tip0/Ti32 > 1, where I, denotes the Raman
intensity at 100 cm™' and I;;, denotes the Raman

25 intensity at 132 cm’’,

e) in ?°Si-NMR spectra it has its significant
product signals in the range of chemical shift
from +15 ppm to -7 ppm.

30
2. A halogenated polysilane as pure compound oOr
mixture of compounds each having at least one
direct 8i-8i bond, whose substituents consist of
halogen or of halogen and hydrogen and in the
35 composition of which the atomic ratio of

substituent to sgilicon is at least 1:1, wherein

a) the halogen is bromine, and



substituent to silicon is at least 1:1, wherein a) the halogen is fluorine,
and 25b) in 29Si-NVR spectra it has its significant product signalscg$inihe
range of chemical shift from8 ppmto -30 ppmand/or frcm-45 ppmto -115
ppm and 30wherein the polysilane contains nmainly long chains with n being
greater than 6. 6.The hal ogenated polystfane according to claim5, MCSLLP
- 28 - 7.The hal ogenat ed Polysilane according to claim5 or 6,
characterized i n bhat inhe”’RydN§enspenteat of thespolysi|signifidass than 4
atom 96. 5 8. A hal oge o] i e;as r A Xt ;
conmpounds each havingﬂgégﬁggs%Xgﬁéggi%gcﬁﬁéi?gﬁggggg?qﬁﬁ%ggkéhggﬁ%?%ents
consi st of hal ogen orf®Pmhal8g@PTarikP hyd? o§8R afdd™h the EBRpES tidh of

which the atom c ratigpRfad@pebstés usph to sebigen.is at least 1.1, wherein

a) the hal ogen is iodine, and b) in 29Si-NWR spectra it has its
significéht 15product signals in the range of chem cal shift
3. The halogenated polysilane according to claim 2,

characterized 1in that it has typical Raman
intengities at 110 cm™* to 130 cm™®, 170 em™* to

230 cm™, at 450 cm™* to 550 cm™? and at 940 cm™! to
10 1000 cm™t.

4. The halogenated polysilane according to claim 2 or
3, characterized in that the hydrogen content of

the polysilane is less than 4 atom-%.

15
5. A halogenated polysilane as pure compound oOr
mixture of compounds each having at least one
direct 8i-8i bond, whose substituents consist of
halogen or of halogen and hydrogen and in the
20 compogition  of which the atomic ratio of
substituent to gilicon is at least 1:1, wherein
a) the halogen is fluorine, and
25 b) in ?°Si-NMR spectra it has its significant
product signals in the range of chemical shift
from 8 ppm to -30 ppm and/or from -45 ppm to
-115 ppm, and
30 wherein the polysilane contains mainly long chains
with n being greater than 6.
6. The halogenated polysilane according to claim 5,
characterized in that it has typical Raman
35 intensities at approx. 180 cm™® to 225 cm™’, at

approx. 490 cm™* to 550 cm™' and at approx. 900 cm™t

to 980 cm .



from-20 ppmto -55 ppm from-65 ppmto -105 ppm and/or from-135 ppmto
-181 ppm 9. The hal ogenated pol ysil ane according to claim8, 20 MCSLLP
characterized in that it has typical Raman intensities at approx. 95 cm1l
to 120 cm 1, at 130 cm1 to 140 cm1, at 320 cm1 to 390 cm1 and at 480
cm to 520 cm . 25 10. The hal ogenat ed ?p%l’ysi | ane according to claim8 or
9, characterized in that the hydrogen content of the polysilane is |ess

than 4 atom96. The halogghated| BgéHaléanpobysPrdagda&eorcdiddd to The of

the 30preceding ckai ebagharact eebzed | fnhbat het 1@@&%@@;@@ baheger of
substituents of several_different hal ogens. 12, The hal ogenat ed
pol ysi | ane accor diigy PO Rl RE e 5% elca Yy FFAMHE: characterized in

that its substituents consist exclusively of halogen or of hal ogen and

hydr ogen. LLP e hai}gge?at ed ggl ysilane accor d'd]ng to one of

the pr ecgdl ng" cl & nslzla%t(ﬁ%r%%tfeecﬁ]l ZBQ YR ThRat marphllry comtans ong | i near

chains. 5 .14. Thenhatwgenatied cpoppsindsnecacbor dévgngo ane lofagthe queecedi ng
clains, characterd; &fans&hgat ave ﬁgges'&&s@l&@l@ckéﬂg%ehw of the
10

raw m xture of the enated poly ane is n = 8-20.
hal ogenat ed pol ys@@%@&e%c&}? dPhg 1?5291%53‘@”1 ofaftqqehfzfﬁié‘ééGFlnga@@alﬂiﬁ The

characterized in écmfgoglr@l@yer@gge Siwhe cof threbackbehes chatarid theag raw

m xture of the hal agenat ed tpolglsHane after di stllllngloff the short chain
polysiléﬁes is n 84 stituent to silicon 1s at : whexr

a) the halogen is iodine, and

b) in ?°Si-NMR spectra it has its significant
15 product signals in the range of chemical shift
from -20 ppm to -55 ppm, from -65 ppm to -105

ppm and/or from -135 ppm to -181 ppm.

9. The halogenated polysilane according to c¢laim 8,

20 characterized in that it has typical Raman
intensities at approx. 95 cm' to 120 cm™', at

130 cm™* to 140 cm™, at 320 cm™* to 390 cm™' and at

480 cm™t to 520 cm™t.

25 10. The halogenated polysilane according to claim 8 or
9, characterized in that the hydrogen content of

the polysilane is less than 4 atom-%

11. The halogenated polysilane according to one of the
30 preceding claims, characterized in  that it

contains halogen substituents of several different

halogens.

12. The halogenated polysilane according to one of the
35 preceding claims, characterized in that its
substituents consist exclusively of halogen or of

halogen and hydrogen.



1515-25. 16. The hal ogenated pol ysil ane according to one of the preceding
clains, characterized in that it is highly viscous to solid. 20 Irmé@fip
hal ogenat ed pol ysil ane according to one of the preceding

cl ai ms, characterized in that as chlorinated polvsilane it has a

greeni sh-yellow to bright orange or redé#f sh brown color and as 25broni nat ed
polysilane it is colorless to yellow. The hal ogenat ed pol ysil ane accordi ng
to one of thé3preted hglepganatedchalsstiénrhneedcirprdhay ito ianea exdithe sol ubl e

ininert solventsy, 30495 Theshakogenahed qaoliysid ang agger dithg,10,Qpe of
the preceding clains,characterized in that it contains less than I atom %
hydrogen. 35 20. 2OBratRSslPRy proeREt Fomi®t - hal ogenat ed pol ysil ane

according to one of the preceding clains by reacting hal osilane with
characterized in that it is

hydrogen wi th productjon of a plas di schar ge

VBB - 530 14 ParPre ol dtnPria BTy e E57a: fSeaf dnaRostl S G Hyth ogen o
1:0-1: 2 and, wthoresgpéotgt ocllhemgl, asmehalrschar geedw tim antkeaer gyclaensity
of less than 10 V&@@f%gés gsize of the backbone chain of the raw

mixture of the halogenated polysilane is n = 8-20.

10 15. The halogenated polysilane according to one of the
preceding claims, characterized in that the
average size of the backbone chain of the raw
mixture of the Thalogenated ©polysilane after

distilling-off the short-chain polysilanes is n =

15 15-25.

16. The halogenated polysilane according to one of the
preceding c¢laims, characterized in that it 1is

highly viscous to solid.

20
17. The halogenated polysilane according to one of the
preceding claims, characterized in  that as
chlorinated polysilane it has a greenish-yellow to
bright orange or reddish brown color and as
25 brominated polysilane it is colorless to yellow.
18. The halogenated polysilane according to one of the
preceding claims, characterized in that it 1is
readily soluble in inert solvents.
30

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

Q

contains less than 1 atom-% hydrogen.

35 20. A process for production of halogenated polysilane
according to one of the preceding claims by
reacting halosilane with hydrogen with production

of a plasma discharge, characterized in that it is



21. The process according to claim 20, characterized in that, with respect
to the plasnma discharge, it enploys an energy density of 0.2-2 %ﬁplo
22. The process according to claim20 or 21, characterized in that [
energy input per hal osilane equival ent used is 850-1530 kS/ nol hal osi | ane.
15 23. The process according to one of ¥¥ains 20 to 22, characterized in
that it enploys a pressure range fromO0.8-10 hPa. 24. The process according
to one of clainms @8rtHe@3pul0 wiltdr acterizedc: | nathat ofhdalewdtlemepara s on

whi ch the hal ogen ang, § s; gep ed arg, maj d &h
tenperature from ﬁ%ﬁ% ?81[1 %J& |fnd) partic %lf& -20C to 28€é@@ % ©
plasma dlscharge with an energy density of less

than 10 Wcm™

21. The process according to claim 20, characterized
in that, with respect to the plasma discharge, it

employs an energy density of 0.2-2 Wem™.

10 22. The process according to claim 20 or 21,
characterized in that the energy input per
halosilane equivalent wused is 850-1530 kJ/mol

halosilane.

15 23. The process according to one of claims 20 to 22,
characterized in that it employs a pressure range

from 0.8-10 hPa.

24. The process according to one of claims 20 to 23,

20 characterized in that the reactor parts on which
the halogenated polysilane 1s deposited are
maintained at a temperature from -70°C to 300°C,

in particular -20°C to 280°C.



