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Hal ogenat ed pol ysilane and pl asma-chem€al process for
produci ng the sane The present invention relates to a -

o7 compounds. aah havi ng a1 sact “ong et » MCAEAINHA

hal ogen or of hal ogen and hydrogen and in the E——
on ., of c ratio of substituent

BEEPe e fln pal Ve Llabe e Rl fepdt aheht 63 BrpERER Gor

this kind are knownprodubingrtbe aame[references: DE

10 2005 024 041 Al; DE 10 2006 034 061 Al; WO

2008/ 031427 A2; WD 81/03168; US 2005/0142046 A ; M

Teaneireegentp, \J'@éf@nt[i@mr] bé@lahes Si Iti@i uachlbzlegenated

§!L 21Lxes ad aag)%rr% a(%ul?@"'of 905 ounds
mej sser, )., US 2 7/ 0078252 Al: DE 31 26

ChUK“?’Y)Bn%ME}t Afate Sne h%&etcﬁeyséaﬁlbebﬁﬁéduc‘élaose

bﬁbﬁtmtlﬁéiﬁlyst hebriallstea@w@@sﬁS%hWEI %sferh ,hallQﬁfén bYor of
Ling ¢ rosi.l anes in or formwith o

gl Hg élé{;n}tg‘ygf 9%Pataﬂfj\e/ 5 hi%giF t%%%?%f%f%% (%bo\’/%lCh
?beCﬁtOmher gt el eslulpot ysuémnesoobtidiiced Haveata least
faipnt coloration fromdirty-yellowto

yell owi sh-1ight-brown (Schneisser, 1964; "slightly
greeni sh-yel l ow, gl ass-1i ke, high-polyner").

5ﬁ§@£&ﬁ§€@al®d fﬁdﬂéﬁI@@Sthage1éﬁﬁ%naf@aknbu68%11 the

sHanesgguc urelﬁlthermally have %
BRbfEr i SPeERErnCeRa DF bhinaiy Jndi cgah L7 DE 10

pobecules. obur tamey n@oe, 2%(1@/afm<4m eaaht awmﬁey/mlss Us
[ nta ate Al1C13 owi n t he .

2684 By a2k TARS o SR R B bnber YOS, Ul das

F02ig4omdhiordded Stilgdt] whenZsi hhowog - alalldgs dthemr eatt 264 )

%ah & afd n@s&%ﬁe%s&PO g@%a r&ét%wt)oeab%' nat.edhg

YSI | anes is condensed from't gas stream

B A T T oo bt ComonBe Sonenand by can be
pebatit¥al yihowa bgeayse obhdigiil | ptaepien! y(2hmiitber,

ibGQ?eiahaﬁgaglgreaal%gggfianes in vapor 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, 1964; "slightly
greenish-yellow, glass-1like, high-polymer") .
Spectroscopic investigations 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
contaminated with AlCl; 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
chlorinated polysilanes 1s condensed from the gas
stream. The average molecular weight of these mixtures

is relatively low, because on distillation only 2° of

l||I\lll|Iil|INII\IIII\IlII\\lI\lHlII

___ *G00002*

the silanes have n greater than 6.
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-2- DE 31 26 240 C2 describes the wet-chem cal
production of chlorinated polysilanes from S12C16 by
reaction with a catalyst. The m xtures obtained stil
contain the 5 catalyst and are therefore washed with
organi ¢ solvents, so that traces of this solvent and

of the catalyst remain. Moreover, 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 ogenated aryl oligosilanes with sodi umfoll owed by
PEeavages we#h mu@amsim@nﬁhmswetl-&hemical production
8¢ Tean il naRelP g - dfzeéwdé?g@fatg Oreaction with

pol yneri zat i onofar Iat i Tanesand subsequent
deafFtAtYh witie m&;&m.les.ag sbtapnedi cftidl cgeatpiad the

eaaaiggele n—m&ol WY i Z@hé@%f@QgRgR)aﬁecﬁr SIA g&%}ﬁp\g%gamc
u I Ar W or I K

ERAvElbSeqiani CHaL T om EL HREA) RPEYSNELGhR i) Ehe
theadyset Irredma;non%r&gmenr,P@@:scmnmIﬁaieﬂqvtmis way are

§ek¥ﬁ8&§cakyéﬁﬂhégﬁe(%Eﬁépedwet-chemical methods are

presented in US 2007/0078252 Al:

1. Reduction of halogenated. aryloligosilanes with
sodium followed Dby cleavage with HC1l/Al1C1,;

aromatics.
2. Transition-metal-catalyzed dehydrogenating
polymerization of arylated H-silanes and

subsequent dearylation with HC1/Al1C1,.

3. Anionically catalyzed ring-opening poiymerization
(ROP) of (SiCl,)s with TBAF (BuyNF).

4, ROP of (SiAr;)s with TBAF or Ph;SiK and subsequent
dearylation with HC1/Al1C1;.

With all these methods, once again PCS contaminated

with solvent/catalyst are obtained.

In H. Stiger, P. Lassacher, E. Hengge, Zeitschrift fur
allgemeine und anorganische Chemie 621 (1995) 1517-
1522, B8isClgH 1is converted to the corresponding bis-
cyclopentasilane Si;oCl;s by boiling with Hg(tBu;) in
heptane. Alternatively, cyclization of SisPhysBr with
naphthyllithium or K and/or Na/K can be performed in
various solvents with subsequent halogenation with
HCl/AlCl;.
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In H Stuger, P. Lassacher, E. Hengge, Zeitschrift fur
al | genei ne und anor gani sche Chem e 621 (1995) 1517- 30
1522, S15C19H is converted to the correspondi ng
bi scycl opent asi |l ane Si 10C118 by boiling with Hg(tBu2)
in heptane. Alternatively, cyclization of S15Ph9Br
wi th naphthyllithiumor K amd/or Na/K can be perforned
in various solvents with subsequent hal ogenation with

1 -3-_ P ti f, I t.ed .
%g?§§?F§%§;§gth§P e&%%%%byggﬁéﬁgg%égﬁgﬁicasgﬁ%%%égy a
PsaamnsockaonAal Fprogessplis DESA0kROBS . 0 FprOfLxample, DE

i6l ab68 1942078 AQ 1N LAY I DM S |d'>fg§h:c§ﬁi19@%ion of
hal osilanes, in which in a first step the hal osi | ane

piléepPefton e lesidiagifenatddl BBLGRI Lane iyt step the
g&maaﬂaﬁg ?is a cf&m ¢l sahmr ge, héEnLSgéhhﬁeES hpdatwsilane
eCO 0S O Silii.con i_.n a secon step, W eat | ng, -
S R LI By el el AR L A L
tkeoppasad, thi ghi Bhesyy idenrsi $eéesndr eteped WidllovieedOing. -

iy %Tss)kno%{)}gyré%\?ic?@,d E%Oggﬁheic%i%nn%ist\gfir%l?&&g@@fén of

waxy-white t ow sh-brown or brown
Spectmlesttpi chiglesmqyray oASNEhEWel t3ra uAedendbove 10
RERSUC QR aied hapdat@ti el yndi goeﬂﬁgesﬁosét, waxy-
crosslinking.. The high energy densities used lead to
BRo8Gct® ofc ?ﬁ%%ﬁ??ﬁﬁ%&uPﬁrhﬁ9%¥n§91¥%suﬁ??ﬁbrPﬁCOPlc
Eﬁ?ébdb@bSEMnanghbwwafwﬁ?ﬂIﬂHaLeﬁaH$fwﬂm®EeobNKln?d has
81/03168. describes a hi gh-pressure sna .proce oJ .
S T RERF LYY 1P Ean JHeRRE c P inCeTRRs o Bonoq ke high
shrogyby-dercdiicitess AsséliesdeBCS are ppeddoetdsat of high
' t L, Syt i I
BRSEEUERY, Malaies | Rl ip, PRGN BLEL S | KB 1ow
Pusikad i&Yhi gh H content, owi ng to the hydrogenating
conditions (HSi Cl3 synthesis!). US 2005/0142046 Al 25
descri bes PCS productjon by silent, electric discharge
FUFEhSPmORCar MG /ORI e RETP&hort - CRigR-Predsure
pabysikl preseske fher Bptithasiiss odemsistisat €A Wiithercs are
uthor. with the selectivye reaction.of Si to Si 2H6
BREM8 Ay By e i g SelEr ahor dxdes, £ ¥ BESaucea
Fe e3¢ remedat ihgigh gasd i dreperaivworel ngthey DEré 0redggively
6 i ) o : ; o '
ARG D pRinetl o ey e B85 | Dot ot LiEe: pes
8r2C16 a®ighe Hai AOBEABENt UBWEDREP. £3, pbBel6RYyRrogenating

Aéﬁ'titri]{t&@h%é t fxe{sg_gsﬂagg sveeEdike yhow dé&ebﬂ@d) eLol 82046 A1
| \ 0 can e | Ngcrease us. n R
Bl p et A LR Ei Ry B BerFRE. GReiRld'daggrparae

- pessi Biieli o @it ai maratadr | alpridkaturean bentgnveshedt-chain

%QQ%%QEB%%%d ggeth%og%%dehagg. Igisdemonstrated by the

author with the selective reaction of SiH, to Si;H¢ and
SisHg by connecting several reactors in series. The
situation is similar according to DE 10 2006 034 061
Al, in which a similar reaction is described, in which
gaseous and liquid PCS are obtained, with Si,Cle¢ as the
main constituent (p. 3, [00161]). Admittedly the
authors describe how the molecular weights of the PCS
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
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-4- situation is also expressed by the authors in the
clains, in which they envisage distillations for al
PCS m xtures obtained. 5 In additiontochlorinated

pol ysi | anes, ot her hal ogenat ed pol ysilanes Si, Xy (X =
F, Br, I) are also known in the prior art. E. Hengge,
G dbrich, Mnatshefte fur_.£heme 101 10 (1970)
1068 1073 descri bes the production of a polyner with a

eet structure F)" eet -structure. po

Eff'logr (S g7 %Soareex%]ﬁ?%?%‘gderf ¥ ohf¥easitst F‘yea&fll ohhe
wﬂahm561zuu MBnchA‘hmépgeﬂnexﬁ@ﬁngélssllhanlpasfdknedall
Ptéhm§§%§re§°WBt§ LneRartial degradation of the 15 Si

ayer structure occurs. The resultant product contains
t he anmbunt of CaCl2 based on stoichionetry from CaSi 2,

and thigaicarpot he washehOitardde %8?%§11:915‘le other
Bﬁ&yfluor05|lane (SiF2)" is describ for exanple

REeBahRE RV SRRsmndteScnbhi & &6 (111954)T>7189:e71a180
EhBwRAF2nr ehet prabrr agm.t enperature in ether with
magnesiumto a yell ow, high-polyner (SiF2)". Conpounds
such as Si 10C122, (SiBr), and Si 10Br16 can be
EehaHegggatedGmﬁtblantho Mbpateheéspondiing Chemie 101

w%; d%sszao%e § dag&gfgéﬂs n@ﬁgogrgﬁt;eﬂc%gctafona R{)ﬁlymer

presente
Kéﬁp . CShEﬁFerFtIECEurﬁhrdﬁa@éa JoThpal sheet hetructure

@miym@@@ OJMUlC)@J O§OC(§.{B/r)87 42868bt8828a28%8n | Pasi, by
this % roduce by | eadi ng Si F4 over silicon
Leatis ah!%tfb cP36%. B¥ of A Hfl P9z PKGDBRES He then

pestibrantl SiER 8bF3 196&waréh, pohyoeal zaégoadduibngor the

bs t Jhe rles 10 pal el |.ow
g#asﬁiggholf%§¥ﬁ89?¥s 088 ug?lng%io 200 %&%§§9% VREQORFE
gadtpensasbs p@pﬁhuopfnéaédzsbaaa@soﬂrsnoftﬁﬂometny from
ceasl, Shhdiinid Snabt | 5ONALADaPOLY T (SIF) "

remains, which at 400 10C deconposes vigorously to
Si F4 and Si. The | ower perfluoropol ysilanes are

rakodresmdti@t dsf Folybrubrysi Bhhéngssel ) dsis WBEEBribed
an be isolated by rgg i_onal condensatlon in purities

53505 aTD1g, atds Mt 4§ s hagmie 66
dapakyze71her Bt poByBengzateaﬁtef at room temperature in

Peher Si Ly RN S 1y BERTRN HiERRANR, (54 -

SpmppuadsArsytias ag fsJan@l:tzo SIFBY A 8and 1 SinbBriZ0%an be
Phd1668h8REY: with ZnF, to the corresponding fluorides.
The standard method of production of (SiF,), 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, (SiF,)x 1is
produced by leading SiF, over silicon at 1150°C and 0.1-
0.2 torr and freezing out the resultant SiF, at -196°C
with polymerization during subsequent thawing. The
colorless to pale vyellow plastic polymer melts on
heating to 200-350°C in vacuum and releases
perfluorinated silanes from SiF; to at least Si 4Fio. A
silicon-rich polymer (SiF), remains, which at 400 + 10°C
decomposes vigorously to SiF, and Si. The lower

perfluoropolysilanes are colorless liquids or
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10 Short-chain perbrom nated pol ysilanes are forned,
according to A Besson, L. Fournier, Conptes rendus
151 (1911) 1055-1057. An electric discharge in gaseous
HSi Br3 produces SiBr4, Si23r8, Si3Br8 and Si4Br10- 15
K. Hassler, E. Hengge, D. Kovar, Journal of nolecul ar
structure 66 (1980) 25-30 prepare cyclo-Si4Br8 by
reacti on of (SiPh2)4 with HBr under AlBr3 catal ysis.

L heift
Py B SRS AREL R 45 o MRS Chdih o o (q0d%) 1519t Sgm1

QQEQ?HS&SEDQHlnspuamVQESed Bé/the correspondi ng

bi scycl opentasi | ane Si 10BrI8 by boiling with Hg(tBu2)

in heptane. Alternatively, cyclization of Si5Ph9Br
REBRSHaphE hyA99anlany oPTK eI MbAKRY caieperhspiwaei nthe

poliaugisakvent @fWFEBfiua%qBﬁrﬂboa@hg%gatI on with 25
ecul ar silicon sub-brom des can be

Hi gh
EEepgﬁggg aé%or%+% M BchAERSSEPD AffewdditRe higher
('JampEEaﬁﬁré19M)F473:%-aE3:4; vDthl't hei Oﬁlﬁ Ranhbyp ra86d | Bhame

r4 h n u eth the formof the
$ iF eg;%d (32 ‘Eg?xe% n2 tcné1 0 tgr’ hand by the
actlon of S13r4 on elenental Si at 1150C, which in
QHQH:'—@HaE.Q (%gfﬂ%ﬁlﬁ&@éOdm%/s%l%é{e% angrgt heformeaq,

ol i gosi, | anes such SIinBri5 -6- vacuum a

i‘@S@rﬁ??BECtPhleu@?sﬁqq cdn gFYC?‘%rmtEH’evr PR nmyndus 151
flopmay i omosé ﬂ.SBBr 2)Xn abkoagtwith @ikthhlgeS 2B 6gaseous

gge r| ﬂ%rynerlzatlon of gclo |SBr10 and 5
LR O %C%ix R A tioh et Bl EROTERBFIDME | s
claimed in US 2007/ 0078252 Al . For exanple E. Hengge,

ga \é%rl’eﬁAn%E;}[N? égggherﬂ € l?gvzgllgsi% 698 70 Onrloi(écular

Sser,” Jour naf
§tguﬁ‘ém§t3al l6iec cHEA®t r y2 2880 ( 1p94patd3- t?y@lpeﬁanBrQn by

EESCE&BHUBE' @8i6h F hoyitere Rl &ﬁéro%_tﬁd eglc%iylséges

reacting the_phenyl cycl osil anes (Si %ﬁ;
%/1 §i-3PHaI9R%h hﬂ%%iiCEAWB Eat ﬁ%@@: t4fel tghoidt e%ur

aytyeneliagesufd la)ddgdm scife 6)cHmi®l 3k81ar €186s5) 1517-
K. Eriederich, Angewandte

LRe o S TR0M° 750 S A et Yart Bub CPOGEBESR P ePis-
prodapenbasofaperi ®ilaBeds pblyysbbahesg( Srith) X Hgs(tBu,) in
heptane. Alternatively, c¢yclization of SisPhysBr with
naphthyllithium or K or Na/K can be performed in
various solvents with subsequent halogenation with

HBr/AlBr;.

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
magnesium in ether in the form of the yellow, solid
(SiBr)x, and on the other hand by the action of SiBrs; on
elemental Si at 1150°C, which in addition to (SiBr)i4
also produces Si,Brs and other oligosilanes such as

SiloBrls .

DE 955414 B also discloses a 7reaction at high

temperature. If SiBr, or Br, in vapor form are led in
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produced at approx. 1%yield when Sil4 vapor is |ed
over elenental silicon at 800-900C at high vacuum The
20 pyrolysis of 5i14 in the same conditions gives the
same product, which is very sensitive to hydrolysis
and is soluble in benzene. Under the action of a gl ow
di scharge on 5i14 vapors at-gu gh vacuum a solid,

anor phous, reddi sh- yeIIOM/siIicon sub-i odi de of the 25

iti.on sou . .al |l the,
SEFBAR, 2 200Rr 2P0 Cac RN G o6l 185, S5b8, - there is
heehayi ﬁertnatsptm))f RRiBlrysi,s adfortdhinsl tdu s tlartoe eats 2B .
to 230C at high vacuumleads to a dark red (Sil2)x,
wth Sil4 and Si 216 being formed sinultaneously. The
Eheni EanRJI30rpRapEr t PedyBerikatiesul Pant crohpodhRric and

e§bn8)slgpll n%ﬁethee@@cpi.ori ObrSAUMA 1 1y ITHFeNZeRE is

| 2 t 350C at high uum pr oduces
giﬁ&mgéu mﬁﬁnao )/ﬁpi‘ﬁaézréaa fr: gbl \éagol i dpvvith t he

conmposition (Sil)x. (S|I2)x reacts with chlorine or

t n 25C to,benzene-sol ybl e,

rPnE)Q(e&@{% |el§on su %ggﬁgés suc O‘éasr’(sAﬁgF gh §ﬁ Chemie 93

((SBEM)>698At70h| Prek .t éimlamr ds. tm&nlﬁels:murnsJauEnal
Qﬁegda ridec n ne

tot al Slﬂgrhssﬁ%elcétgultqilo&n ogémlg d:ir?é) %%Engg@gfﬁ%ﬁ ngort

PPpe $x2n+PrpAustiop for°§( ehorg - £h2—151 f orpxr togpyed

poeyebiahagd. B§/S|r|e3.):)t1h§a¢:1l'1% ghtelih al dg.%s;l}lg%_ﬁq 0 5112&9 )n
| e

tub letely t
IrSf’qese ‘??%v%ﬁtel%ﬁ B’&§éd I'g% PR eFaﬁ}Iéf cc?'rté‘zi'(ySri'g's a the
bakogéatedd qyal s il lamee sof (sth)lslt atred= t)4p6 't hat 83_318 are
Lqul I |.yhl e_ang, f rthernore
Eg%hégu : C%% g%csg dnq<of l‘]'i]‘”al oc?%rélcglge %ed"%?%/%l?l&?\ e
78 tof lb%ﬁ‘#)r ovﬁé@d deggridrali nyatrdossf i ristutedodifiment , the
96d§ch§bﬁgenﬁfedﬁ§¥ e 0 oﬁ §i %Eﬁ%gd tyE 1IthIS is

ask is solved in"15 that a) t enis c orlﬁ‘e
BY°ttHeeHy &F oBBRTE¥nt &Rt Yéﬁltihéfhﬁﬁl §§H afRPPs jgsked over

elemental silicon at 800-900°C at high wvacuum. The
pyrolysis of SiI, in the same conditions gives the same
product, which is very sensitive to hydrolysis and is
soluble 1in ©benzene. Under the action of a glow
discharge on SiI, vapors at high vacuum, a solid,
amorphous, reddish-yellow silicon sub-iodide of the
composition (SiIs . 2)«, insoluble in all the wusual
solvents, is obtained at a yield of 60 to 70% (relative
to SiIl,). Pyrolysis of this substance at 220 to 230°C at
high vacuum leads to a dark red (SiI,)x, with SiI, and
SisIs being formed simultaneously. The chemical
properties of the resultant compounds (SiI;), coincide -
except for solubility in benzene. Pyrolysis of (SiI,),
at 350°C at high vacuum produces SiI,, Si,Is and an
orange-red, friable solid with the composition (SiI)y

(SiI,)x zreacts with chlorine or bromine between -30°C
and +25°C to benzene-soluble, mixed silicon subhalides
such as (SiClI)y and (SiBrI)yx. At higher temperatures

the Si-Si chains are cleaved by chlorine or bromine
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sobvedi i Lhat)Sthe haladend s b

20than 2 atom % c) the polysilane contains hardly any
short-chain branched chains and rings, the content of
branchi ng 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 vi brationa
spectrum of 1100/1132 > 1, where 1100 denotes the
Ranman intensity 30at 100 cn}l and 1132 denot es the
Rapan |nte

32 ¢ I n on
&rbedi Freh fg?n%‘!'ﬁ ®in Zﬁ' oném? lturﬁeﬁrbgé) at gg‘ iodine.
@ompsuhdﬁeodff thee Gyt e8itXspe, (IIhe= szafefiora¥k 5 1, n =

Q@gsb%#gh icdine

spect {a its signi Cant foﬁuc? srgn
aFe Ith Ede 1ﬁz9r‘i§e 1 ehd&andy| ttsl?@ff:ompémteiw gm S84 42nd
gi from-48 ppmto -52 ppm and/or from-65 10ppmto
ppm The hal ogenat ed pol ysil ane descri bed above

'preferably has typical Raman intensities at 110 cm1

rhel3@ecmnt, Jaive:lrmcﬁmﬂstbaaaa ot theatt 430 &M dréQting
QS%%&erﬁ@eét p]oyi?éQ.l%'R 9 ]tquO C@ail.ed type that is
particularly soluble and fusible. Furthermore, a method
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
that

a) the halogen is chlorine,

b) the hydrogen content of the polysilane is 1less
than 2 atom-%,

c) the polysilane contains hardly any short-chain
branched chains and rings, the content of
branching points of thg short-chain fraction
relative to the total product mixture being less
than 1%,

d) it has a Raman molecular vibrational spectrum of
T100/I132 > 1, where I,, denotes the Raman intensity
at 100 ecm! and I3, denotes the Raman intensity at
132 cm™, and.

e) in *’Si-NMR spectra its significant product signals

are in the range of chemical shift from +15 ppm to
-7 ppm.
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The hydrogen content of this polysilane is preferably
|l ess than 4 atom% 20 In a third enbodi nent of the

i nvention,the aforementioned task is solved according
to the invention in that a) the hal ogen is fluorine,
and 25 b) inits 29Si -NWVR spectrumit has significant
product signals in the rangsgof chem cal shift from38
ppmto -30 ppmand/or from-45 ppmto -115 ppm 30

his _fluorinated polysilane preferably has typical
égrrar? i Mensitie ‘E%?‘Xjalﬂﬁ? X. ngO%iln‘?} 1 JtlbveZ}ZS]}/ 1,5 2
dpprgrenated @ellysiolds o rhendstdtepprype, 90thenstated

Egsg8gscgb&ved;?h Lps@ fourth enbodi ment of the
invention the aforementioned task is solved according

to the invention in that 5 a)the hal ogen is iodine,
and bxha hhiod3a iNVBreRgek! ulhgt has significant

pr oduct signals in the range of chem cal shift
from-20 ppmto -55 ppm from-65 ppmto -105 ppm

and/ o6nl®f3OmMA ppitd oitd 8dippiFidams ppéated signals

pol ysiil. ane_preferably h t.ypi.cal iptensitjies at

appr oé.!r%gncr% trg)%mf%o Oéaf?r+cf?vé)"5tcalj3§sq'r&% {]360‘140{8&@&?‘ to

at 32642mppnt,0 BOOncrt8 @poh dto 4802 cppth tamdl/sB20f xaom 1-65
ppm to -96 ppm.

The halogenated polysilane described above preferably
has typical Raman intensities at 110 cm™® to 130 cm™?, at
170 em™ to 230 cm™, at 450 cm* to 550 cm' and at
940 cm™* to 1000 cm™*.

The hydrogen content of this polysilane is preferably

less than 4 atom-%.

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

invention in that

a) the halogen is fluorine, and

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.

This fluorinated polysilane preferably has typical

- Raman intensities at approx. 180 cm™* to 225 cm’}, at

approx. 490 cm™’ to 550 cm' and at approx. 900 cm® to
980 cm™*.

- The hydrogen content of this polysilane is preferably

less than 4 atom-%.
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The hydrogen content of this polysilane is preferably
|l ess than 4 atom % 20 The invention also relates to a
hal ogenat ed pol ysi | ane, whi ch contai ns hal ogen
substituents of several different hal ogens. The
29Si - NVR spectra were recorded on a 250 MHz 25
instrunment of the Bruker DRP%250 type with the pul se
sequencezg$0andmerereferencedagainst tetranethylsilane

TV t | st d [d(29 0
gcqu?s?flgﬁu%éggne§@$n:gﬁén[ ( gf%] égfegtlBT 10the

g forema0donedpP- 40asISW-4G0. QOIde Renearomdidmegul &0 the

yibeatkapak s ?ﬁgkra were determined with an XY 800

spectrometer tfromthe conpany Dilor with tunable | aser
excitation (T-sapphire |aser, punped by Ar-ion |aser)
and atgenhagabeRanBn 1eaQnLaurrvaﬂescence 35 m croscope,

with Iiquid-nitrogen- cool ed CCD detector, neasurenent
tenperature equal to room tenperature, " 10-

Bxci t ahi arswalel -angt hspedrtle v Shdd esi@@iﬂﬁc@ﬁttlbeoduct

spect [, ng. others 514 53 nn1and 7 Th

short - gﬁhﬁggﬂsgb %gre L9 8Tt SHHBSS %5 %glﬁ‘ssu%dfémf or 20
whi chppm= t2 6;5Whepa ., n ﬁnomheGEumnmr b SiL0&t qmn banddor
to eaghopt hersdipactby._1Ehergfore polynmers for which n
IS grea?er thanbg are regarggg as long-chain. 10

"“Al nmost no" means that the m xture contains |ess than

2906 s" Mebdd e d Mpns dinaine hﬁr@@@‘:&ﬁl%ﬁfhéé"e th@i@%aNt Raman
Constltﬁent in the mxture is _pore

Q%6
1BLERBONESEN & " 2BBRPF i sé9 &M~ sFPi do? &bns 8F &% om
tonpaunant hat asr 83miaed treged herey SindSiabonds. chhe to

ﬁnated pol ysil ane fornmed according to the

invention is produced with considerably "mlder"
(energy density) plasma conditions. As a result, the
%ﬂepq{}&ﬁ:‘dgqﬂ‘? e&ageﬁedofw iy & elggﬁlk,}ém Bi gh YELAOFabLy
chains lengths (n= 9- , Isre y SO Fible
LEgqi Papug Brem-$he degree of branching of the
chl ori nated pol ystl ane

-1

The invention also relates to a halogenated polysilane,
which contains halogen substituents of several

different halogens.

The ?°Si-NMR spectra were recorded on a 250 MHz
instrument of the Bruker DPX 250 type with the pulse
sequence zg30 and were referenced against
tetramethylsilane (TMS) as  external standard
[d(*°$i)=0.0]. The acquisition parameters are: TD=32k,
AQ=1.652 s, D1=10 s, NS=2400, 01lP=-40, SW=400.

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 léser) and a confocal Raman and luminescence
microscope, with 1liquid-nitrogen-cooled CCD detector,

measurement temperature equal to room temperature,
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25 was determ ned by 29Si - NVR spectroscopy. It was
found that the chlorinated pol ysilanes produced using
the process according to the invention have a | ow
content of branched short-chain conpounds, and their
branchi ng points represent a proportion of the total

m xture of 30 |l ess than 1% 1®dhe branchi ngs appeared in
the 29Si - NVR spectrun1in a region fromd = -20 to -40

Qﬁgﬁﬂggl P't% %?ngggspggl kﬂ St ngfrgeZQSl Fg the

Spectra o I nat anes accor
§ﬁéctﬁVQnta@ﬁpgoﬁkyevérﬁlﬂeﬁﬁonmeaad ﬁéoramonances
appear in these 35 regions, which is a clear

di stingui shing feature conpared with e. thermal |y
Epﬁdu&éfmﬂﬂ%ﬂ??ﬁﬂ%kﬁﬁ%ly%??%ne§erﬁh|6@ a ¥ ghthose
pbopeuhden fofr bﬁm:nﬂhl Ng= poig)t svhdté Sni S sCaMeGh@fber of

i,th_the fact t .the Iatter hl ori ated ol ysji ] ane '
gﬁe Ekgpﬁod alis féngﬁﬁle thant %tor?h%?%gore
poﬂymbkané@anhlqhwnanshgﬂeabarnshandGmaxdtmﬁgﬁrmed as

drnpigferentially in the 5 thermal reaction,
ﬁghggasaﬁn the plasnma process, which takes place far

away from thernodynam c equilibrium the

b RemBRAY RRIW Cabdys Mphgtf auQs abl £ BranchiRgs nar e_l.ésesc'sthan
greferred 10 The content of cycl osil anes was al so

&t er A py PESPIVREEAL Fg}?anC?BE@PFOS%%p)FheanHe?‘?Vant
waastatndnthah the smdrtert ot sowkl thangsokSi 4, Si 5,

Si6) is very |ow

"Backbone chain" comprises all silicon atoms of a

compound that are joined together by Si-Si bonds.

The halogenated polysilane formed according to the
invention is produced with considerably "milder"
(energy density) plasma conditions. As a result, the
polysilane produced, with relatively high average
chains 1lengths (n= 9-25), 1is &readily soluble and
readily fusible.

The degree of branching of the chlorinated polysilane
was determined by *°Si-NMR spectroscopy. It was found
that the chlorinated polysilanes produced using 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
less than 1%. The branchings appeared in the 2°Si-NMR
spectrum in a region from d = -20 to -40 ppm and 4 =
-65 to -90 ppm. In standard ?°Si-NMR spectra of the
chlorinated polysilanes according to the invention,
only very few or even no resonances appear in these
regions, which is a clear distinguishing feature
compared with e.g. thermally produced chlorinated

polysilanes, which have a high proportion of branching
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Mor eover, the chlorinated polysilanes formed accordi ng
15 to the invention have a Raman nol ecul ar vibrationa
spectrumof 1100/1132 > 1. In particular, in the

| ow- frequency region there are strong Ranan signals in
the range from 95-110 cm 1, whereas far weaker Raman
intensities were neasured Lpithe range 120-135 cm 1.
20 Chlorinated pol ysi | anes produced purely thermally

BRI sk S, B prele 18t

Fhéorenacaﬂ quahuaﬁﬁanm&hanaral ddiecatiadyoamsi sty more

i n i des
EAL BBl i Toh s FHAL oS SEh RS AT e
FhadBF ibhganat chepeifpse afeaned puefewewtdmjly in the

Eh@BﬂHmCQ@dB$¥5hlrw55¥éé§01ﬁe&h%npﬂébdé”ﬁfé@%ssth@hlch
y, intensive nodes of the |1 near

eque
558%% 2K e I pfYR¥Ed W tRErERSYRGTdfa AIREhgPrEium,
tnesrrahéemom@namua‘aeng herthefgistubecof bhahegengtedare

S ey appear as Raman bands between 95 and
?%%g h%%@gigg?hat extent, the 35 1100/1132 criterion
prOV|des i nformation on the content of cyclic or

@eEBnggh%CBEe%Xclo%%l Ihe Q%!O%%E§‘ﬁ§éé%@$ <?Q§ 2%gi-
roduced accord e invention
Eﬂgr rR%ﬁﬁplﬁP?ﬁEFOEFOP¥ s@ﬁ@ﬂ%ﬁlwaﬁaﬁ?unﬂ\ﬂhﬁ% the
genthat bE @ﬁaalgaihhgsbeeswnvgfg fgiQm agr %%%Oﬁ.o%sed
for production. In 5 particular 't he hal ogenafed
pol ysil ane formed according to the invention has good
Mokrabivkirt y tihe i ciel ¢r o vedt polyeanaa&ssl ﬂZMnecbe@a@@ﬁdlng
| ugne ff| e and ot h at tenpe re
%ﬁd i 009137rql q%théyeb0|ll §E§b|wsﬁ ?ﬁlSVlbratlonal
EPACEAYMS aff t Hildoﬁélhalagénathd p@rmolcyailalranelxpr athiec etow -
@96@}[1%69 Lagibe a&w&saald? PEOLLAG! kAT LAA00> A24cne

i s not sol e at a or only

§F‘P§ﬁt é&Oéht P %h%hcrgohvemfsereq% hpsgergieder Raman

mﬁtéﬁshamésaﬁégédmégshgeﬂhﬁnlEﬁénkbﬁﬁe1§2bsl§§eEﬁﬁab|y
characterized in that its substituenfs consi st
excl usi vely of hal ogen or of hal ogen and hydrogen.
Théohahagedatred ydllpsidsaneréduced pocelgi nhdrmdl1e, 2Rave

gﬂvgﬂ%l szggggg §§y<h2§ mai nly long chains (on

aver age: Thé hal ogenat ed pol ysil ane forned
according to the

This may Dbe explained as follows. For cyclic
chlorinated polysilanes, theoretical, quantum-

mechanical calculations show inter alia intensive
characteristic modes between 120 cm™' and 135 cm':. 1In
contrast, such calculations for 1linear halogenated
polysilanes do not show any pronounced modes in this
region. In contrast, the lowest-frequency, intensive
modes of the 1linear compounds are 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
I100/I132 criterion provides information on the content

of cyclic or linear molecules.
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invention also differs fromthe plasma-chemcally 25
produced polysilane of the stated prior art in that
the pol ysilane raw m xture produced has a snaller
average chain length. Thus, the average chain | ength
of the resultant raw m xture of hal ogenated pol ysil ane
(average size of the backbope.chain) is preferably n =
30 8-20. After distilling-off the short-chain

ferably 15-2 th
ggsglﬁﬁagu?i‘%l%%é%r i%(ro Ylestriﬁ‘ar"é aPre uFAgfh%g‘Eﬁ’F%n%rttq sthe
unaenthenhau@gemMthqnﬂ35hdnautenmzydnrmntcmh&@ 3bt is
bBYGBngO”lHa%a% o\é’oﬁﬁgﬁggengg n E5 ftsq%gfl%azslly be

atom % or | ess‘than
cemedpds |famam t han Yeachor %llttyfddogén»r »duction. In

pHitheungee, tHQ%QP&?@h&@@& @6@%‘1‘139& Oliéltﬁ‘rged according

|nve tign, because i roducéd in a asnma process,

5hen g Spitory has 19 ;ﬁﬁ&uh%ﬂ%%yn%M1h@@rbnquVﬁnts
dophngSSSagem Sheriahs, aﬂfllﬁ@hdenpér%ﬂmﬁhetﬁ an@ﬁélieboth
st | aLure_relative t he cheni ca
%Et h%(g o%%“%%(}{m i'on 8 poJrI3l/S|cI es’ HGV\@%RFS ofn Pailing
Basventat i oné‘dtllset haots)t tarsdee's ofitdol verts andalogenated
typ ts mai p_in pr oduct
?BE?E§§Ehelcu?r68§8E§ hlg @@%§%§ po §S|Igﬂ§ ob?a?re%ald
Hbélﬁﬁaéﬁﬁ BEoé@s@%@c&% ﬁ)gllt dk hevhiistents onopreeptuble

tBeallBquicr eABHt 8of Qr s?&?’z?htneﬂhehﬁvgiht ales sbl@en'tts i s
of photovoltaic grade 5 The hal ogenated pol ysilane

is highly viscous to solid. As chlorinated polysil ane
trhehamla:gree:récs hpypelkonahe kid@rdiaiangse @hd edeshtion

rQni_nat oly Iane it is
CO| éé@ésloa{b%el %r% &rfﬁe%?ag Sna 1580V%up§t1tuents
ﬁgnﬁhét s@kvédSbyeéynebﬁodhmlqgannunr(Nbﬁﬁ halogen and
hehpgghat ed pol ysilane of the type described above by

reacting hal osilane with hydrogen with production of a
pl asma: di scharge, which is characterized in that it

mﬁes nam;géﬂaeeaat be19ki2hnhbal psi-hage éecamiﬂgentﬁf the
2 _and ect to plasma di scharge,

Lhdr gl SaBno i arrAest ( han 10vemes. TR nocedns - (on

avenagengn&e the2ohvention is characterized 30 in that

it enploys "mlder" plasnma conditions than in the

prior art, which with respect to the plasma di scharge

Tbereh&é@géﬁatﬁdanp@hﬁsgyaugnstymed | assot@iimg 10to the

YVeoeaeidhusS alldie phasf@:Shergal th%ceﬁlé’%r%é 1%1%&9%11}7

art _enpl.oys_energy densities of nore t
Rhefegsdt helyrddars gécshg FFated mriaweat o that the

poeyeidhhy haw enpx@yrdepsbhiiesdofndl 222 MeM3r average
chain length. Thus, the average chain length of the
resultant raw mixture of Thalogenated polysilane
(average size of the backbone chain) is preferably n =
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
invention has a low hydrogen content (less than 2
atom-% or 1less than 4 atom-%) and in particular

contains less than 1 atom-% hydrogen.
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-14- Energy density neans the input of power at the
monment of the gas discharge, divided by the excited

gas volune. 5 Mrreover, the process according to the
invention is characterized, relative to the prior art,
by a smaller proportion of hydrogen in the starting

m xture. Thus, a m xture ratgo of halosilane to

hydrogen of 1:0-1:2 is enpl oyed according to the
invention, so that there is a 10 further marked
reduction in the energy input per equivalent of
Rarbberaneet othe vedywpdsee apdordifiprid eflad| ynadpoyion,
88021280 1kJ/401p e R8dd ane- 2 TheaBRAC c%%%ordlsngof Ohigh
t he 1 nvention |s preferably 15 carried out in
PHELEYr e Yidhge %ﬁsﬁﬁ%ﬁ1OtﬂPaC°G§ﬁ@#§PF9°Ph|@”ﬁ#bss@?@lng
agaﬁesyﬁebamber than Inséh\eeﬂ@ﬂisor ahitar Iow preéﬁ@fl@er
g |schahg1 § % iOOS 024 041 QJ

eEFSPIBIPRAPII ntE EuﬁﬁocEE abi¥srdFAg b th‘éet “chén} a1
mBVBoﬂsonxﬁhprbdghenopraﬂ&upeﬂy%&laaesbe ledheyed in the

; ;
BB e E o SR arte) PORR THe 3P el -
gatentyery r@%@@g@ﬁ!yawame Eﬁméﬁ-nartn(lj@elOPZOQBC@24 In
B41c AW thowd & hafpcefrelff%ntbewgﬁaﬁemébta{héchem a

prior art it was onIy o0ssi ble to work 25 at pressures
fLaF‘@§s PHAESS hP£LC bupPi ng2§ n BV SHe YesEeds the
rewatirpmeacs ifomrl aseachi eghdtbnolbeipsoceass actor disigof
tﬁ Ehe ggventlon wi t hout supporting neasures. Thus, in
PARLEY8LE84C38 48 0rding to the invention, ignition
can take place w thout any problemat 100 W Whereas,
t| I .0 [
?ﬁgmfﬁll ?gte% ;E&Z(fj)l}%ﬁea[np ogsédhllﬁﬁh'%: \)6.%%2)5832 tg% solid.
éécd? gy naFachePPhyeniaba, ith hawe pl sgrenddmivallow to

BE:Q ﬁas oqf ¥ i ﬁéd@fiéht Birewhl ¥bibe rAld 0ad Sbrominated
% % 10 200 4 041 Al : V\D 81/ 03168) .
po ys1 1t 1s co or ess to vyel

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
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
in that it employs "milder" plasma conditions than in
the. prior art, which with respect to the plasma
discharge is 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
10 Wem™®, whereas the process according to the invention

preferably has energy densities of 0.2-2 Wem™
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-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 ogenated pol ysil ane
is to 5 be deposited are preferably maintained at a

tenperature from-70C to 300C, in particular -20Cto

280C. Cenerally the tenperatyce of the reactor is kept
relatively low, to avoid formation of Si. 10 Wth the

cess according to t i nvention roduct_ m
canrHVe enﬂﬂ%yb e%?%dgggd%ﬂﬁﬁy %%I§8UFES%51€R%r§§@ent
Pdveths- 18a8Si dtiembarfer tHevpdedesbyactbedi agctivetlhegas
iRYepLi on, for exanple 15 an electrical voltage or

alternating el ectromagnetic fields can be used for
produci ng the plasma di scharge. Hi gh-frequency gl ow

ﬁb&@B@é&eS ghel q_haidé@ Y alc@W @SS UESS Hife T aWRPR) oAl €is
ferred 2 t he process according to the

F ERCIER 128 a|r&§1afd1¥@ i &0 usBE RE¥1PKe Attar ththge smaller
pubpbandien bl esidragenmeansshd nstder Senseivfuide Thus, a

r di t t f th
Rigghee B! 08 b1t 100 d OflyafOHBRUAES So i is
enpleyed H@W@v@ﬁn925ﬁhaﬂ55|inﬂﬂﬂtmwnklmnx@Mahathgea is a
FURS Histut kaRuean %%&&%hsedlﬂné PL RS a&g@ué' NBer

to the_invention. gg_s m xture a05|][e

R 5GeR tused |%a%%%l BReskC akor fiasgmpesese This is

pe€athbnyCaboaddigbioonahloy kbgymdd ®iahvkadawet h an inert
gas and/or can contain adm xtures, which pronote

pl asma production. The adm xture of inert gases is
The, poveyss, aehs&bumgiytneaﬂﬁsaiyvéﬁtihﬁ ﬁﬁﬂCpﬁéferably

ng t i nyen n, I n_anot her_ e
g%%?%gdpr5%§33h§%0d¥dlﬁrg Su mvgﬁtloniE nggs an}éPa
Gengdaddyt othhe rdssyare sraaam id t bighke |Ehamr imasthe

F@%@d ddy oygp a Rl %@%se%e gaslﬁalséﬁsggés Rle agmi)DE 10

n this case both t hyd rogen gas_and e hal osi’| ane

¢8R5pef4t1 el it aﬁmidneiL ghs £RFiean tdedt ailp the
et 8% cloltdli ngl A tthe| BSren i Qduehd ORi gHEL pressures
hal OSI | anaeclglaer']vea Solt%%ou%edsgglaég%ggngym tnt‘earytgrreogel}or 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

at pressures of less than 1 hPa.

The coupling-in of the desired lower powers is also
achieved in the process according to the invention
without supporting measures. Thus, in the process
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 in the ©process
according to the invention, in 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).
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5 1n the process according to the invention,

preferably fluorosilanes or chlorosilanes are used as

hal osi |l ane. An especially preferred starting conpound

is SiCl4. 10 The hal osil ane : hydrogen volune ratio in

t he production of the hal ogenated polysilane is

preferably 1:0 to 1:20, nocespreferably 1:0 to 1:2.

The invention is described bel ow on the basis of 15

exanpl es. Exanple 1 A mixture of 500 sccm H2 and 500

sccm SiCl4 (1:1) is fed 20 into a reactor nmade of

gegrrdigbaddie t hempevaegse prds filre b@angompn ogmistlanthe

%onggsr ARt & hfge Iﬁ@@ﬁt%bﬁ” aPier ga%g out, the
en e

xture to the plfasna state is

KEGRIPEe §FENEY O éﬂm%*gé:heaﬁealtqgeerﬁﬁ%ﬁumhé%ﬂane is to
pel visidoane cdhalre fpdtetah mﬂ@ﬁutm £5téﬂ§éﬁgture

200) ¢ | ass | s,of the reactor. The power o
ert 120550 S Z*fotom@fz bR FACHERT oA C | 2O 280°C.
GeaagalyglImWeprm@mpenatunannaﬁifﬁhﬁntfﬁa¢mmmtoisbykept

' Lvi t 1 fLter regnval of the
%Fzégl&%ggrigggughlgg§ § gaég é&% ang gg ‘| eft behind
in the 30 formof an orange-yellow viscous mass. The

w%hag@q@v %léle%@ V‘@é&@fdiﬁg d%toerah@eqr!%»é&&mlscoiﬁ%oaﬁct
prox. 1700 ch for the chlorinated

B‘&P‘)FélPTFéné:a(r’Sl R??L‘?@erzﬂ?lSl Rl PRPIUEEAr edisidsne e @nles on
avetrage Bavehannileggt Btemsapprox. n=17 for (Si Cl2)fl

or approx. n=16 for SinC 2n+2 -17- The ratio of Si to
C in the product m xture is determ ned after
GecommeﬂpMGmedn/addqndﬂhgtﬁdrchéohnwenbidmngfbn dkample

ana ytlca
ields can be used for producing the plasma discharge.

_ % 1&%5} ? ornu eﬁ%é Q%fogg§egﬁakqﬁgen@ié&ﬁ?&magnetic

High-frequency glow discharges at relatively 1low

pressures (a few hPa) are preferred.

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,
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
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.

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

after the 1latter has passed through a plasma zone
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The hydrogen content is 0.0005 mass- % and accordi ngly
well below 1 mass-96 (as well as below 1 atom %, as
can be seen fromthe foll owi ng 1H NVR spectrum (Fi g.
1). For this, the integrals of the solvent are
conpared at d= 10 7.15 ppm and of the product at d=
4.66 ppm The content of theegsolvent C6D6 is approx.
25 mass-% and its degree of deuteration is 99%

}%Qh&@% éggFaan 2%5 n1can éqééeﬁt epﬁn%ﬁogen 588" ana

tbel dailegidpaet raan (1F¢ gdlzl)ltedhysehsegnaulrsam egas t Aand/or
E?ﬁ RS 19 éﬁﬁiiéﬁéé& &ﬂgta %%Ee %ghésg §?h8@£gn.
i

gnal s_of SiCl3 end %roup primar
toy, hﬁﬁP§H1?§et96Pc&PSQf §|§ﬁ§ﬁsdéﬂu9ﬁélﬂlﬁho rogen
(secondary Si 20 atonms), such as they are present for
| e as connectin l.inks in_the region of |inear

xa
TRaihE BFREPDN, CEROLIT hoFRECHATE Hriibhehr e ferably
¢dupoosdsdanesg.ordectabdtt o Dl and et aaei hawrel (amohglothease.

2 h
15, £3BeBRah 1,75 dodeeaanocapsaRenLAlane sCaTRg.
29qgi -NMVR1, ...),.ctrum (Fig. 2). By integration of the

285 - MR SPecida it cap,BeseeN thatundhe £2pigNt f  the

si li.con atoms, which fornwt%e branchi.ng points of the
BRBAECEASIN FHr dc?§ oRa1PErRRFGE BOLYS itlf@e okl PEREGHRPLY

mi: Bt 4oe1i: 200. foraspreFeandl1501i:9 kess:.bhan 1 mass- %

Low nol ecul ar cycl osil anes cannot be detected in the

m xtures. In the 295i -NVR spectra these woul d show

Sher pi88enghaehs ac ddeSc8ipprh (BrAGL6) pnd=thé. 7bppis of

%§5§§1ég d= -2.5 ppm (Si 6C112), but these are not
oun -18- A typical Raman nol ecul ar vibrationa

spectrum of the chlorinated polysilane is shown bel ow

Ekhfip1d) 1 The spectrum has an |100/1132 rati o greater
FHEHBT__F.e. the Raman intensity at 100 cm1 (1100) is

narkediy hi gher 5 than that at 132 cm1 (1132). The

Apa&kltumeObfaStofmersm&H mpaﬁdused aeemhlsampol(ysu apg fed
tur and t e calcglate ect

octach or 6¢Yclot et rast! aik Pﬁﬁ 6 a? a§Fyenthgr Process
pyRparireoire i kapteamne‘a@ett he rtae cargerses-108 hPa.

r19065138n! €6 tHa8Nghs mixture to the plasma state is
then effected by a high-frequency discharge, and the
chlorinated polysilane that forms is deposited on the
cooled (20°C) quartz glass walls of the reactor. The
power input is 400 W. After 2 hours the yellow to
orange-yellow product is removed from the reactor by
dissolving in a little SiCl,. After removal of the SicCl,
under vacuum, 91.1 g polysilane is left behind in the

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 (SiCl,); or SinCl,y,; corresponds to an average
chain length of approx. n=17 for (SiCl,), or approx.
n=16 for Si,Cl,n.s.



10

15

20

25

30

35

10 This diagram al so shows, as an exanple, a section
of a theoretical curve. For this, the
gquantum chem cal | y cal cul at ed 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 t hausen, A Chemist's QuLge-to Density Functi ona
Theory, Wl ey, Winheim 2nd edn. 2000] are adj usted

| h ti-Lorentz funct| h hl :
ﬁ%éula?g%gth%kefgerlﬁgnﬁﬁt §6éc§ P§§§FSF|0ﬁ1x§PFﬁ 1s
fesprotined thétapsoieut@nﬁcﬁ)sltm@mslhw chilertideor etteation
gHEYeARg NS MLRECCh e SQLIALLE T ¥l lcdddifings to

diagram for viewng. The relative in €nsi 1 es

pBgksmpPhTrifalt HaspyvsirgilnaferaudacSi¢lst em t he

calculation fromfirst principles calculation. This
ouId how t hat certai.n 25 |ntenS|t|es are_typical  of

8| iy cﬂ%?g} | SHBESDThe Sdal a0 V1 t ReSRafarkheReFaRiingly
peilit bedoa Nowarsscont (@ vafllcyd ilse ol yBidemess) n éQecan

whj
Egaégﬁﬁ?éhfi%{ffﬁﬁgf%%ﬁitf‘ﬁﬁ%se%e ag"oé%)“r% LY For
afpl npggrake o ssTiveit aade 6@OmpacdSi a3l 4d=
0112) phit bed 0¥ Q1R W t 0§07, Gé’é"r[.lg}ﬁm 9l 838, Lhfent

process 35 pressure ept const ant the range

L5 thes SRy ety &8kt L8NBPrPKe @&s MASA N and e degree
ataaaatstatgohslghgg/effected by a hi gh-frequency
di scharge, and the -19-- chlorinated polysilane that
fornms is deposited on the cooled (20C) quartz gl ass
Reblisadf fae- Nmacmmlfﬂ&eapowgpndmnn3J$ BRAW -Af terpdm,

hour s nge- ye d ved fro
rga%téﬁﬁﬁ ?ssgl§|ﬁgQM%8£8 S it %Q%r%OTEOW1n9
ﬁ@ﬁﬁt‘é}mof Rilte S2ICl4Theder mlrﬁ 3.86_’ %gtbfin the range
68l aniiraked 3ol ysi | ang i(s) ! efhibahiind dyphihe ToFmofia1s
an or.ange-ye ||OMIVISCOUS nass

of SiCl; end groups (primary Si atoms), and (2), which
is typical of signals of SiCl, groups (secondary Si
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 d= -32 ppm),
dodecachloroneopentasilane (among others d= -80 ppm)
can also be seen from the next *°3i-NMR spectrum (Fig.
2). By integration of the ?’Si-NMR spectra it can be
seen that the content of silicon atoms, which form the
branching points of the short-chain fraction, relative
to the total product mixture is 0.6 mass-% and so is

less than 1 mass-%

Low-molecular cyclosilanes cannot be detected in the
mixtures. In the *’Si-NMR spectra these would show sharp
signals at d= 5.8 ppm (Si,Clg), d= -1.7 ppm (SisCli,), 4=
-2.5 ppm (SigCl,;), but these are not found.
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The average nol ecul ar weight is determ ned by
cryoscopy 10 and is approx. 1400 g/nol, which for the
chl orinated polysilane (Si Cl2)n or SinC 2n+2
corresponds to an average chain | ength of approx. n=14
for (SiCl2)n or approx. n=13 for SinC 2n+2 15 The
ratio of .Si to C in the prgguct m xture is determ ned
after deconposition by chloride titration according to

1: 1. 8. (whi.ch corresponds.to th
Hoinial (SRER . RAe el G CIg) | SpBCFRum of the
hydpmgeatedntpmly$slmnélJbelshoWnnabelo&b(QthOSG» The

PRPPSR, AT ik it i fie Sap ety AL Sy e the

Rﬁmégra}%t%msxﬁf S61 véRp ame céﬁpaieduatm@rkédlﬁ'ppngher
@ﬂ&nofthtalae aRr @dyclopat dF .3 751"}9@”@8&5&@ &Pt ephephaliy

the solvent C6D6 is appr.ox. 27 mass- % and its degree
BFOHBGEEr REFGH 1oL opedy Sty ainCamizFsranRd Hi e scai culated
apBCOXum10dErnnmtﬁcﬁ%@ﬁ?myaﬂotétBa@pnaﬁ@d -(44i8cpPMm are
e n fromthe follow.ng.spectrum (Fiqg. . .

%ﬁggg s?%%alsog &rirPRY n £HY réﬂgeegfﬂsh%??g agﬁ?l)ratlo
zavet2ps ®hi Ehooi/3.11ypesal tbhnsiignal s of Si C13 end

groups (primary Si atoms), and (2), which is typica

of signals of SIC12 groups (secondary Si 35 atons),

Thif d4agrep ALEQresens, fo¥ BRaRPREDAS conmarlion of a

kh@&%etﬂcbme EQgan Oﬁok'nﬁﬁisChatﬂé quggtuﬂh@héﬂfbally
tent of shart-chain branched conpounds

BLSERAGRE TOLES: dEohsmbetandng Kt dléG% %‘iﬁ}ﬁ Rev.
BodEEac&dS@F'Oneopejﬁraswd anShémrmn@ otimgs dPhy®0 ppely. a

e iggal g ar thin t shift at, (3 ,
gi% iﬁ |s§fy§?ca S|g%a 5 of Ug§r8uap Endilsc s
(Etledtau atr:g S&en@tlctrys)Fuaqul(mgll \/Wheodfry,s Wyﬁieqzal Wéinheim,

shanalss, .of Jjodr oups %Miﬁﬂs@é Uﬁlt\.ﬁel M tjﬁbéc{;f%ﬁ eak

% quaternary Si_ at ons can seen
HBEELGRY ( FWgicH) | IWSI YegrSazltm&rﬁtcﬁs t h@l@gsﬁxmmental

speetralit read1be b seqithhatrddpp@ontient e Ssihbhsoiute
(Si -Cl_groups

ich formsaid bra chin 0|nts
BREPEEATY S ThRon SRS br SO i P SexBPESRbSPSaE S0
shhst i itlenﬁ:sti quatldr nany She athmBQ:)armf ftd?ce shewtinghai The

EE%QE fﬂf@ﬂ\q%lé%trg%to %& pgg ; n]Xt re Issgeory

mass- /6and Soisless than 1 Lom#nn ecu
eyépésrtanediregbtdynofrpe dehect edlenlahéoni xfuews. first

t r p n t .
sengiguilt, Lol sy ppalgrable St R rapsgin

2BtPRSERéeSoSreNvRPiFadt of Wil J(Fari?fb]tyﬁ’de{) Rfeht | Fregdata
oift htier tRendry ispeldteumpepbin) 86 tdhe 19pRet r uBhbaata of

| arge nunber o SLg nal s N t hi [

cycglc pof§51{an in the ia g cﬂemlcalLy produced
polysilane mixture, which is consistent with the NMR
data (see above).

Example 2

A mixture of 300 sccm H, and 600 scem SiCl, (1:2).is fed
into a reactor made of quartz glass, the process
pressure 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-frequency discharge, and the
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The peak at approx. -20 ppmoriginates fromthe

sol vent 25Si Cl14. Exanple 3 A mxture of 200 sccm H2
and 600 sccm Si C14 vapor (1:3) 30 is fed into a
reactor made of quartz glass, the process pressure
bei ng kept constant in the range 1.50-1.55 hPa.
Transition of the gas m xtufg-to the plasma state is
then effected by a hi gh-frequency di scharge, and the

t f d t
B85 PaLeR, B AR (Phes e oie' Rebpaitedr ormhene
powéed|Mﬁn Tls qOGthMngséhwalmsndﬂmtheamyaqﬁdﬂommhe
BEUct iyt STR b OTMEDET SAChLe Y i SBLUARg L0 B
PaeQUQF a6, quqﬁedﬁﬁrﬂmnahedrsabygrl@Mad%ﬁﬂqﬁ11ng in a
@@Iavcma Isntdme qurtr@rofraﬁo@mnee ¥eld oy ¥ (qu%eefmécuém

e aver | ecul ar  wei i's determ ne

%gsmﬁg é%tal%lraaptp% f%%laﬁl%ts WsitEh hee‘rlrtchem the
GbkmrbﬁahﬁdoﬁahgékbGQQOGSWEEEbQSOmaSGDCI2n+2
corresponds to an average chain |length of approx. n=13
for (SiCl2)n or approx. n=12 for Sind 2n+2- 10 The
Faei avefrae telE@cularn e iyhiduicd detdrmined gt erposedpy

er; gde Iti Y, ri tr 0 cc

ahter; Jegognas! 94;063 ﬁkkhfcogtglelg&ngétt L CRILPInL Lea
eeéwﬁnléane( éﬁaF}etrcaqr) Yiofhet-a SPUIGSPPnds to an average

chain length of approx. n=14 for (SiCl,), or approx.
n=13 for Si,Clsn.>.

The ratio of Si to Cl in the product mixture is
determined after decomposition by chloride titration
according to Mohr as S8i:Cl=1:1.8 (which corresponds to

the empirical (analytical) formula SiCl, ).

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

The content of the solvent C¢D¢ is approx. 27 mass-% and

its degree of deuteration is 99%.

Typical %°Si-NMR shifts at approx. 10.9 ppm, 3.3 ppm,
-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 is typical of signals
of SiCl; end groups (primary Si atoms), and (2), which
is typical of signals of SiCl, groups (secondary Si
atoms), such as they are present for example as

connencting links in the region of linear chains.
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15 The hydrogen content is well below 1 mass-%
(0.0006% (also below 1 atom%, as can be seen from
the followi ng 11-1-NWR spectrum (Fig. 6). For this,
the integrals of the solvent are conpared at d=7.15
ppm and 20 of the product at d=3.74 ppm The content
of the solvent C6D6 is apprey. 30 mass-% and its
degree of deuteration is 99% The typi cal 29Si - NMR

e T o oW RO Bt KPR o AMBPRRERGd - 3-
depobidsoisogetdasdadhaner oi(aobagr aslthalrre (arong3at hpps) ,
odeggcm%oan@%g%m@'ﬁ aeopenbAas! | ans.famono ober 3oy

S€ Si fe® r afige
dkhese @iqrels 3@r$\h|wehh|1s1 thhs cedned ofgmdliftef & - C1)

%@@as 14 ef%%)ﬂéé(lsbfat@l@ﬂalsangf( .- d@'&bﬁﬁs t B(Ela‘zehary

_ signals gr oups w t h excl usi vel
§€rb§tﬁ“lfe)nt ARGuater ndyicly i oﬁ@}ca%aﬁ’fb@@é&iﬁ refn Si
gﬁreub@ :"]Altlwmgeﬁ@li‘l@sﬁi*ld@]l-& FISQJ sﬂbstl%ilerrt%Zd quaternary Si
Qr.oneopent asi lL.ane (ano ers
%%% $i anaIﬂ zbegr Wit BF R Zl %glgtoafl%%l ??%C%‘Tu‘%)s)mlg
ahi. cHBysmypga:artloh sfynahe (ff’SSrNﬂR GpEusrs( t et iy be
t S| S-0f Si
§le§?03g§)tvm ﬁtl?él%ecﬁq éSlsl Z?xltcﬂegn’t s lg%gllét Eér))ﬁ%rsald
Bragehiep) PQ?é’rFsoe %Jee%lf%ﬁupﬁe (tertaniryg Sipexteuem and

GEi @brdips Bb’lltlﬁlt egratise0e2{ te s%ﬁﬁ‘,tl%ﬁtpsem(&%{;éﬁnary

n that the content, of i con atons
31 AYERE Tt fed i S F ot S 3G e, grolpsive to the

(cbeatll arypdBict]l thiadtaire) iand .S ngaHEs amd he@XLd USEYE! Yhan
#gstltuents (quaternary Si atons)) of the

shor chain fraction, relative to the total product

m xture is 0.6 mass- %and sois less than 1 nass-% 15

LoW- rﬁeh@wha& %)9%'1%%'1'1%%% Jih Jz;et dpeé éteg?éédh ggsthe

m_ xt ures. These ought show
BE;PFFPSP:ECléfjheS& 01191?': pﬁﬁ1 (Sgcamqmﬁ}rp d5192355p|§|’ﬁ d= 5.8
p§m6¢$12<):1g n the 205 -HR speeir g, bat C@nﬁ%p&?e (516CLaz)

|de %évvlth certainty |nthesectrum as

SNHR| &RGE36 nJPf‘b%rCBanFgFP&I s‘-q‘@flt'tJnﬁ?d with
Ce@tamnt?h&meﬂie atpepprax, a20thpmsplicgiriat efad r&Marge

hgﬁg%gl §§8E§§é§&é é%St@igrrgl r%%éPeA m xture of 300 sccm

4 vapor

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

Examgle 3

A mixture of 200 sccm H; and 600 sccm SiCl, vapor (1:3)
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
cooled (20°C) quartz glass walls of the reactor. The
power input is 400W. After 2h 9 min the orange-yellow

product is removed from the reactor by dissolving in a
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into a reactor made of quartz gl ass, the process
pressure being kept constant in the region of 0.8 hPa.
30 Transition of the gas mixture to the plasnma state
is then effected by a high-frequency di scharge, and
the brom nated pol ysilane that forns is deposited on
the cooled (20C) quartz glasgs_walls of the reactor.
The power input is 140 W After 2 hours the colorless

rod isr ved from r 0 di ssol vin
13 eBaddiicta, PETREEUATRE e HhobHaLy RISk Ak AL,
8835 §5.0f rhofomimatieht pdlpsiyantane rlefm nsehind hén the
f Qf aver age
ng%LuFa?ﬂ&g%%ﬁ?%u§%&eter&¥%§%hby g%%oscopy 5 and is

approx. 1680 g/ nol, which for the brom nated
rekY ShvieaRgye( %loqre@u’la‘%r v\% P2 &@Eéﬁﬁ?ﬁ@& Sb c §gos copy

rage chain | engt approx. n=9 f
B%r AEE O f%%? 29‘14120£o Tﬁ@%tﬁ@roft@ £ lerlnﬁted
bb&yamdnet (SHXAY) £ IS sil%mgm n@QrﬂéﬁpbndgC@BEQﬁl Iweeage
bro de titration accor r=
?%ﬁ rT%:or%lel:%;pcc))nds PR e éhgl gSF (Qﬁ§$V§PCéF: approx
hsﬁ@uﬁ@rsSBaglﬁgz 15 The hydrogen content is well
below 1 mass- % (0.01% (also below 1 atom), as can

be seen fromthe follow ng 1H NVR spectrum (Fig. 8).
ESe t kRE1ot hefi nfegrieds ©F tie $dlevemrogiuetcompatadeat is

detelhipRe andtet t&@béﬁ 1@5 4533 SHARPi dENetitration
content of the sol vent I's approx. 30 mass-%

&F&OF n@eéfbéwﬁﬁrd%ﬁtéﬂaF|cﬂ :fls 79ggghich corresponds to

the empirical (analytical) formula SiCl; ;).

The hydrogen content is well below 1 mass-% (0.0006%)
(also below 1 atom-%), as can be seen from the
following 'H-NMR spectrum (Fig. 6). For this, the
integrals of the solvent are compared at d=7.15 ppm and
of the product at d=3.74 ppm. The content of the
solvent Ce¢D¢ is approx. 30 mass-% and its degree of

deuteration is 99%.

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

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

(these signals are within the range of shifts at (3),
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).

The low content of short-chain branched compounds, e.g.

decachloroisotetrasilane (among others d= -32 ppm),
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The typical 29Si-NWR shifts (Fig. 9) appear in the
range from-15 ppmto -40 ppm from-49 ppmto -51 ppm
and 25 from-72 ppmto -91 ppm The peak at appr ox.
-90 ppmoriginates fromthe educt SiBr4. 30 A typical
Raman nol ecul ar vi brational spectrum of the brom nated
pol ysilane is shown bel ow (gpg. 10). The spectrum has
typi cal Raman intensities at approx. 110 cm1 to 130

éﬁgég?géiézgng§§%n£%ﬁbggngn} amgé%4§%&02%l ! Sggocnﬁém)

cml.
tRegee s¢gnel® streen vRthad Shescon$t Fafgsbiifssf et (3),

a CLer, OCES SRS |
LELEna ) SIS o LI GBS IR T Py

s aFomsire ansl t k) pl ¥5AEDstidt eLYRIEHENOET Fd@mad shyoh Si

Qrgﬁpﬁrﬂﬂﬁﬁﬁﬁyxéﬂééiﬁéﬁ@ S@n@ubﬁ%i&U@ﬂHé“ﬂQﬁhternar Si
%§ ane that forns is de |t on the cool ed (20C

f CARE ST FhEMp wing 1$RPSATUEF ¢ £F19 -
10.2 By t hetegkatliesas db yhbl 6\%B$hNMR| gpenftire produei be
' e d f acto ss@l vi_ng
G3choERNES (HOR 4 30 0L DAL SONS iy fomm che
ghatiefhh Dbranghshgf | poinnat edSpofysi gaﬂepsematastlaryheSl

Lobmspf il e gbouye! s he;eeuaglsehyd -5119sdB8t i tuents

aver age nol ecul ar weight 1 s determ ned by cryoscopy

éﬁHaF§rBB’p‘Vox5125@'€Pr@?)n)ol Cfwnhitde f §horkeChpdiBr i heelion,

Bél&ﬁhbéneo(Shﬁzk@t@Nt dﬂﬁcﬂﬂmﬁiﬂﬂréxiée@ﬂ@ﬁﬂ§s§0°a@nd
aver age ch a%ﬁ gth of ;approx. n=38 for (SiF2), or 20
aBprBx-SRE37PBr SWﬁﬁ?n#Z The hydrogen content is well

bel ow 1 mass- % (al so under 1 atom), as can be seen

1 5 Th
EEATERE SR P S RaST L ool cene
mppeurern (heseargedtt ofP- £hopm sharpsspgnaiadasr d= o!m 8

f pemED,)-8Gppm B Regm 17D ecyd aro v 12
iﬁec?r umng 08) the fluor %@tl ed pol _{/@. I g&nle h%elsEt tb%%[flc@ﬁgsa

&S nt 8ns I MRe SPECtEFor d%lt 18378Af 1 beo entefied gyith
aaBEQXnt99lncmhbtspéﬁﬁkmmnlaéndhats@@&t@&mfﬂﬂbcﬁnﬂarge

num%er og*s1gnals in this region.

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

Examgle 4

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

benzene. After removal of the benzene under vacuum,
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-25- Exanple 6 A mxture of 60 sccm H2 and 60 sccm
Sil4 vapor is fed into a reactor nmade of quartz gl ass,
the process 5 pressure being kept constant in the
region of 0.6 hPa. Transition of the gas mxture to
the plasma state is then effected by a high-frequency
di scharge, and the iodated_pglLysilane that forns is
deposited on the cool ed (ZOCD quartz gl ass wal I s of

e reactor is 100 W Aft
bRzt Gt mAYSSF ey T CAPenDsBALRP oY i oETr of
bywtissoimushgoifnceyskahexane. After renoval of the
cycl ohexane under vacuum 8 g of iodated polysilane
remains in the formof a reddish-yellow to brownish
$BRi 8VeI8gFh@cdeedge msliadul ars v pmminediaber aryedcopy

BYACT YOS Giptand u%sap%anl 24501 Gh M o WRigh f:?ésmm&ted

i odat ed polysilane ( or Sinl2n+2 corresponds
aﬁlwé#aas dR&PH2) e RFt ﬁlgﬁrappr%&rr%&@om% S 4112)@V@rage
appi ax 1ehg8h? fforapprd:2n12=9 Tb@rrasugrpf dr toprdh. n=8

he grqguct mxture is determned as Si:l1=1:2.3 (which
corresboﬁﬂ? ‘to the enpirical (analytical) formula
S||2 3). 25 The hydrogen content is well below 1

ﬁ/&ﬂ:so fmd§ 01' Egromoé to TE?a Cal xture

shi f e iodated O appear |nis
tiﬁéerﬁhgedf r aﬁi:e;zs ﬁﬁﬁPWBOSEQlﬁEm 141 ohrom@dppnnbragson

RBBL2AGLET tfor MBI 38 PBA. Be = 11Z03pamh1%ht yd%fg.aé spHB to

nmol ecul ar _vi ratlonal spectrum of the I odat

hBEyEMPARE CRas FVBFESPCRéﬁaﬁoFﬁPéﬁSﬁﬂ?égBét 35 appr ox.
98 cm Lo 116 cm1l, at. 132 cm1 to 138 cm 1, at 325

Hél ﬁfdrs eﬁ:mc%n pa%tatlég%e lete 5101 Cma%s % (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 d=7.15 ppm and
of the product at d=3.9 ppm. The content of the solvent
CéDs is approx. 30 mass-% and its degree of deuteration
is 99%.

The typical *’Si-NMR shifts (Fig. 9) appear in the range
from -15 ppm to -40 ppm, from -49 ppm to -51 ppm and
from -72 ppm to -91 ppm.

The peak at approx. -90 ppm originates from the educt
SlBr4 .

A typical Raman molecular vibrational spectrum of the
brominated polysilane is shown below (Fig. 10). The
spectrum has typical Raman intensities at approx.
110 cm™ to 130 em®, at 170 cm* to 230 cm®, at 450 cm™>
to 550 cm™ and at 940 cm™! to 1000 cm™t.
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- 26 - Patent clains 1.A hal ogenated pol ysil ane as
pure conpound or m xture of conpounds each having at

| east one 5 direct Si-Si bond, whose substituents
consi st of hal ogen or of hal ogen and hydrogen and in
the conposition of which the atomic ratio of
substituent to silicon is at4least 1:1, characterized
in that 10 a) the halogen is chlorine, b) the hydrogen

ﬁﬁghgf& gf the polysilane is less than 2 atom % 15 c)

Il ane contains hardly any short-chain
branched chains and rings, and the content of

Br anchiAg not nhoofsddie ghoshachal nsdd@ckien g:;slsatiié_/efed
to the taotal product mxture is less 20than 1% d) it

hBECa ARINEF DI RAF T vi BRat PEREFSSp ELS TS Peing kept
tdA8£3A82 in lthaheegibhno sENot @s Hike. Raransigiensidsy the

She LSS o0 28, LR B 29 21 B Al oy
pigHu€regugnalys i Mdidwhaagyge of aglem c&heshi ffltonimated
gé?XnghhguE agf'f‘or?hg 1A NP &sh Py SLd3Nes 8%200c)
walls of the reactor. The power input is 100 W. After
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.

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

approx. n=37 for SipFoniz-

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

The typical 2?°Si-NMR shifts of the fluorinated
polysilane appear in the range from -4 ppm to -25 ppm
and/or from -50 ppm to -80 ppm.

A Raman molecular vibrational spectrum of the
fluorinated polysilane has typical Raman intensities at
approx. 183 cm™* to 221 cm’', at approx. 497 cm' to
542 cm' and at approx. 900 cm™* to 920 cm™.
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m xture of conpounds each having at |east one direct
Si -Si bond, whose substituents consist of hal ogen or
of hal ogen and hydrogen and in the 35conposition of
which the atomc ratio of - 27 -
substituenttosiliconisatleastl:1, characterized in
that a) the halogen is bromskme, and 5 b) in 29Si - NMR
spectra it has its significant product signals in the
ﬁ ge, gf gchenical shift from-10 ppmto -42 ppm from

0 -52 ppmand/or -65 ppmto -96 ppm 10 3.
The hal ogenated pol ysilane according to claim 2,

ghariaetie z9d 56 Lhah I}t réﬁ‘ﬁit@@' gakmRanen BRI d efea
at 1110 cmlto 130 cm1 2 170 am 1 tom230 cml, at 450 ©

eRF? (3 SEBRERPI amad&: 9ko GWRItEo 9538B0 chig. Brocess
ﬁhesbakegbaa.hgd Wty%d’rm@r&ccmdtng tregdloa M2 ®r6 3hPa.

h t th d f
FoRSTFER" R | Bus B DR BT sE 20 RLASFBgdAE °
pbéy&éﬁﬁ&rﬁaﬂpbyeetohpghﬁdreqwamqnn@1@¢h@ngpoummd the

thEéV'ﬁgl%lhﬁﬁét Eifﬁlc%ﬁd' ES%SS"@ ﬁ@?gmwﬁs%n the

stituenhts” consist O al ogen_or ogen and
ﬁygigéenzgﬁp|nqpﬁ§tz glass walls of the reactor. The

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 c¢yclohexane under
vacuum, 8 g of iodated polysilane remains in the form

of a reddish-yellow to brownish solid.

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

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 SiI, ;).

The hydrogen content is well below 1 mass-% (also under
< 1 atom-%) .

The typical %°Si-NMR shifts of the iodated polysilane
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
approx. 98 cii' to 116 cwm’', at 132 cm' to 138 cmt, at

325 cm™! to 350 cm™! and at 490 cm’! to 510 cm™t



25conposition of which the atom cratio of
substituenttosiliconisatleastl:1, characterized in
that a) the halogen is fluorine, and 30 b) in 29Si - NV\R
spectra it has its significagt_product signals in the
range of chemcal shift from8 ppmto -30 ppm and/ or
from-45 ppmto -115 ppm - 28 - 6. The hal ogenat ed
pol ysil ane according to claimb5, characterized in that

it has typical Raman igyieis d1eSimat approx. 180 cm1l
to 225 cm 1, at approx. 490 cm1l to 550 cm 1l and at

approx. 900 cm1 5to 980 cm 1. 7. The hal ogenat ed
pol ysil ana1agentdiedy ©@16isdilrin oras6 phes actefip@esd | Nor
that the _h dro gn content  of the polysilane s Iesg

re

than B &FBAT% O10 W Dg&ifited IF0IYS | de 45°P
conpodndeok mnﬁ&weboﬁdcownmunﬂssehshlhaanng aforisdast of

one dhLecherl -t RANdy, MAG3R SURS! WM £ NSS! 107 che

hal ogen o | ogen "‘and “hydr ogen
1500nﬁ@§1pt>iséﬁ1©fl wheEh tviel & omtdﬂer at ggogfic  ratio

substituent to silicon is at least 1:1,

characterized in that
a) the halogen is chlorine,

b) the hydrogen content of the polysilane is less

than 2 atom-%,

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
than 1%,

d) it has a Raman molecular vibrational spectrum
of I100/I132 > 1, where Iip denotes the Raman

1

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

intensity at 132 cm™},

e) in ?°Si-NMR spectra 1t has 1its significant
product signals in the range of chemical shift

from +15 ppm to -7 ppm.

2. A halogenated polysilane as pure compound or
mixture of compounds each having at least one
direct Si-Si bond, whose substituents consist of
halogen or o¢f halogen and hydrogen and in the

composition of which the atomic ratio of
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substituenttosiliconisatleastl:1, characterized in
that a) the halogen is iodine, and 20 b) in 29Si - NWVR
spectra it has its significant product signals in the
range of chemcal shift fropy-20 ppmto -55 ppm from
-65 ppmto -105 ppmand/or from-135 ppmto -181 ppm
25 9. The hal ogenat ed pol ysil ane according to claim8,
characterized in that it has typical Raman intensities

at ap959§t19§eﬁﬂ}l tg 120;¢mdy atid30 g¢m1 19,440 1.1,
cml, at 320 cmto 390 cm1 and at 30480 cm 1 to 520

cm 1. BBTaFherhaPBgeRat B8 pol ysil ane according to

claim8 or 9, characterized in that the hydrogen

conten% 0 is.less than 4 atom% - 29
he

brs R R o pbRiuEe abiar i ng 1o one of

the preceding clains,characterized in thatit contains

halog supstid.ye al .dif en al
Tﬁg hg 0 eEgtggi F %?%g%e agcofrlglgngE % O%%&fo %ant
pr ecedl ngPEPARAE, éhanaéﬁemzé@eu Fargsg qf schemical shift

substltuegggmcangl§gx@xg5usuye@pmﬁ fadpgens obpaf to -52
hal ogen and hydr9 13. The halogenated pol ysi | ane
accor di ngPPB BRe/Bf the BPBcEAI AgOcPBINS,

characterized in that it mainly contains |long |inear

hai n 1 hal ogen d ol ysi |l ane acgcordi,n
ghe o?hthléfégﬂﬁﬁﬁﬁgc gfﬁs,? grﬁ%céFize [ th&tqt !
aver agbaskzteofizede backbbhaetchaitn ohasheUyquadememan

of the,balggenated,polysdlane ison 3B-@P, 170 cm™® to
230 cm™, at 450 cm™? to 550 cm! and at 940 cm™! to
1000 cm™?.

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

the polysilane is less than 4 atom-%

5. A halogenated polysilane as pure compound OFr
mixture of compounds each having at 1least one
direct 8i-Si 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,

characterized in that
a) the halogen is fluorine, and

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.
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20 15. The hal ogenated pol ysil ane according to one of
the preceding clains, characterized in that the

aver age size of the backbone chain of the raw m xture
of the hal ogenated polysilapg after distilling-off the
short-chain polysilanes is n = 2515-25. 16. The

hal ogenat ed pol ysil ane accordi'ng to one of the
precedi ng clainms, characterized in that it is highly

¥i SCotfet 8@ dcthat3 1ol FHE1 AL ogenaled ROl ¥si larem 5,
according to one qf the preceding clains,characterized
in th%?%gaﬁﬁﬁﬁi?ﬁgtedjbol?g?Fané"t hag atypica Raman

greenisbeyel t dust oabr i ghdrex anges Orenéddish dxowm™, at
col or _and as rommnate ol ysil ane i i_s_colorl -1
SOl oLppRaoRT g eR LRI 28 Bh ERotRU ISR em

to 980 cmt.

7. - The halogenated polysilane according to claim 5 or
6, characterized in that the hydrogen content of

the polysilane is less than 4 atom-%.

8. A halogenated polysilane as pure compound oOr
mixture of compounds each having at least one
direct 8Si-Si 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,

characterized in that
a) the halogen is iodine, and

b) in ?°Si-NMR spectra 1t has its significant
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 claim 8,
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 em™t and at
480 cm™ to 520 cm .

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

the polysilane is less than 4 atom-%.
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15

11.

12.

13.

14.

15.

le.

17.

21. 20 22. 25 23. 30 24.

- 29 -

The halogenated polysilane according to one of the
preceding claims, characterized in that it
contains halogen substituents of several different

halogens.

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

halogen and hydrogen.

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

contains long linear chains.

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 halogenated polysilane is n = 8-20.

The halogenated polysilane according to one of the
preceding <claims, characterized in that the
average size of the Dbackbone chain of the raw
mixture of the halogenated ©polysilane after
distilling-off the short-chain polysilanes is n =
15-25.

The halogenated polysilane according to one of the
preceding claims, characterized in that it 1is

highly viscous to solid.

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

brominated polysilane it is colorless to yellow.
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35 The hal ogenat ed pol ysil ane according to one of
the preceding clains, characterized in that it is
readily soluble in inert solvents. The hal ogenat ed

pol ysi | ane according to onez@f_the precedi ng clains,
characterized in that it contains less than 1 atom %
hydr ogen. A process for production of hal ogenated

pol ysi |l ane according to one of the preceding clains by

wactmg Haheébhgeed%b@tyem%%er&c\@otﬁaﬂgodé&ta@ Of fhe
pl asma di scharge, characferized in that it is carried

out WPFRCEIIDt uF&3+&Fi 0 BRARAFBETLARE t P hyBRBentbf 1S

1: 0- 1r@aanty wblhbrespacintett Belpkasea di scharge,

with an energy density of |less than 10 Wm 3. The
process according to claim 20, characterized in that,
WPt h Tespbefogenthedppasiysidiseharcgerdimgeny oyse anf the

energ r98§§££§ Ofcféﬁmg Ve, ot :Pf%QfSS i3CCOLALRY ;¢

to cl ar act er 1 ze at the energy
|nputCE@FahaFoé?ﬁénéhéQUﬂvaF@ﬁr°u§§§rp§6850 1530
kJ/ nmol hal osil ane. The process according to one of

ainmg 20 to 22, characterized i it e
b asoh BPPERGS OGS B0 P O THiA PBHARS BT v hiane
to onecebralagnst30 bme23,0fchatact qmez@lurrgth@lamg by
react or g@rt o1y whi.ch t he hahogegated pol.ysil ane.i s

YS!
dep05| aré nﬁﬂﬁﬁé FeF atf'a teﬁprogFurguf onk = 9%%?%lon
300C, ocEnappdeispal aisc2@Coee 28BCacterized in that it is

carried out with a mixture ratio of halosilane to
hydrogen of 1:0-1:2 and, with respect to the
plasma discharge, with an energy density of less
than 10 Wem™>

21. The process according to claim 20, gharacterized
in that, with respect to the plasma discharge, it
employs an energy density of 0.2-2 Wem™>.

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

halosilane.

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,
characterized in that the reactor parts on which
the halogenated ©polysilane is deposited are
maintained at a temperature from -70°C to 300°C,
in particular -20°C to 280°C.



