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Activation of Si--C bonds and synthesis of silicon-functional 
polycarbosilanes 
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The flmctionalization of polycarbosilanes was studied using poly(vinyltrimethylsilane) as 
an example. The possibility of synthesi~.ing of silicon-functional polycarbosilanes by the 
catalytic activation of Si--C-bonds involving catalytic systems based on compounds of metals 
o f l l l ,  V1, and VIII groups was shown Properties of the obtained polymer~ are discussed 
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The introduct ion of  f lmctional  groups to silicon at- 
oms in polycarbosi!anes (PCS) makes possible a wide 
variety of directed chemical  modif icat ions of  their  prop- 
erties I and preparat ion of  new polymer  products from 
t h e m  Various graft copolyrners  and cyclol inear  poly- 
mers of  a new type combining  carbochain  and siloxane 
regions in mac romolecu l a r  chains can be obtained by 
po lymer -ana logous  t ransformat ions  involving functional 
groups. 

It has been establ ished in the study of  the polymeri - -  
zat ion of  organovinyls i lanes  of  the general  formula 
VinRSiX 2 (1, X = CI, OAIk, NR2) that the reactivity of  
vinyl groups it] radical polymer iza t ion  is low. z,3 There-  
fore, the contr ibut ion  of  side chain transfer reactions, 
which limit the growth of  macromolecules  and distort 
their  s tructure,  is fairly high. The radical polymerizat ion 
of  compounds  1 results in the fomtat ion  of  only low- 
molecular  products  ( M W  = 8000--20000) with irregular 
structures charac te r ized  by the complex  structure of  the 
po lymer  chain.  4-6 The  methods  of  ion polymerizat ion 
cannot  be appl ied to organovinylsi lanes I because of 
possible react ions of  the functional  groups of the mono-  
mer molecules  with ionic type initiators. Therefore,  
poly(vinyl t r ia lkyl(aryl)s i lanes)  without  functional groups 
obtained by the anionic  polymer iza t ion  of  the corre- 
sponding vinylsi lanes are the most accessible h igh-mo-  
lecular PCS. As is known, under  these condit ions,  mono-  
mer molecules  add to the active centers  of  the growing 
polymer  chain in the "head- to- ta i l "  fashion due to which 
the macromolecu les  formed have regular structures. This 
fact is of  special interest for the creat ion of  new methods 
tbr the chemica l  modif ica t ion  of  polycarbosi lanes by the 
selective in t roduct ion of  functional  groups and for prepa-  
ration of macronaolecules  with a specified distr ibution of 
functional  group along the po lymer  chain.  One method 
of  thus in t roducing functional  groups into PCS macro-  
molecules  through cleavage of  S i - - C  bonds was illus- 

trated using high-molecular  poly(dirnethyl(phenyl)vinyl-  
silane) 7 (Scheme I )  
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Although this method for preparing chloro-  and 
alkoxyderivatives of PCS is of interest due to tile com-  
paratively easy cleavage of  S i - -Ph  bonds,  it has substan- 
tial restrictions, such as the necessity of  using not easily 
available dimethyl(phenyl)vinylsi lane~ the mul t i -s tage 
process of  preparat ion of funct ional ized PCS, and the 
dill]cult  control  of the microstructure of  the po lymer  
chains in the case of copolymers  with different contents  
of  Si.-- Ph g roups  

The method lor synthesizing of  reactive PCS from 
polyvinyl( t r imethyls i lane)  (PVTMS) produced on the 
industrial scale is more p romis ing  The purpose of  this 
work is to study the possibility of prepar ing si l icon- 
functional  h igh-molecu la r  polycarbosihmes based on 
P V T M S  

The chosen object of the study has a comple te ly  
regular po lymer  chain structure,  and the side frame 
contains  organosil icon substituents,  tr ialkylsilyl  groups. 
In addi t ion,  the initial P~vq'MS contains  S i - - C  bonds  of  
different types, whose activation can occur  at different  
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rates. In order  to introduce functional groups to the Si 
atoms,  we studied the po lymer-ana logous  t ransforma-  
tions occurr ing due to the activation of  the S i - - C  bonds 
o f  PVTMS macromolecu les  under  the effect o f  com-  
pounds  of  group 111, VI, and VIII  metals (MoCI 5, WCI 6, 
and H?PtCI6) and AICI 1. The methods of  metal locomplex 
act ivat ion used in this work have been previously sug- 
gested &9 for s impler  systems in the alkylation of  organic 
compounds  involving organosi l icon monomers  and here 
they have been applied for the first time to high-molecular  
ob jec t s  

The t ransformat ions  of  PVTMS occurring due to the 
cleavage of  the Si~-C bonds under the effect of  the  

studied metal compounds  are presented in Scheme 2. 

Scheme 2 
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X = CI; Ct = AICI 3, catalyt ic  sys tems based on 
Mo, Pt, and W 

The react ion was carried out in a 5--15 % solution 
of  PX, q ' M S  in an organic solvent (CCI4, chloroform,  
toluene)  under  mild condi t ions  at room temperature  or 
with modera t e  hea t ing  (60- -80  C )  for 2 to 10 h. 
Equimolar  (MoCI 5, WCIt,) or catalytic ([Ct] < I w t  % 
for AICI 3 and H2PtC16) amounts  of  metal compounds  
were used in the reaction.  It has been established that 
polycarbosi lanes  with the main chain framed by silyl 
substi tuents having reactive S i - -CI  bonds are formed in 
high yields (60--80 %) under  these condi t ions.  In all 
cases, the produc ts  formed retained high solubil i ty 
with the e x c e p t i o n  o f  the sys tem in which  the 
P \ W M S  : MoCI 5 ratio was 1 : I, where an insoluble 
po lymer  was obtained.  React ion products 5 were iso- 
lated by reprecip i ta t ion  into a twofold volume of  metha-  
nol in the absence of  an acceptor  for the HCI f o r m e d  
Fur ther  analysis of  the obta ined copolymers  was per- 
formed by IR and N M R  spectroscopies  and elemental  
analysis. 

The  IR spectra  of  the isolated products  contain  new 
absorpt ion bands at 1090 and 1025 cm - j  character is t ic  
o f  S i - - O - - C  and S i - - O - - S i  bonds  in carbocyclosi loxane 
fragments. The resemblance  o f  the IR spectra of  the 

obtained products  to those of  reference compounds  con-  
firms the existence of  carbosiloxane fragments in the 
macrochain  of  polymer  5. 

The 29Si N M R  spectra of  the isolated polymers  con-  
tain a signal corresponding to the Si a tom in the 
- -Si (CH3)  3 group typical of the initial PCS, and an 
additional signal at -21 .3  ppm similar to the signal of  Si 
atoms in the - - S i O S i - -  group of  the reference compound ,  
s ix-membered l -oxa-2,6-dis i lacyclohexane.  The signal 
corresponding to the silicon atom in the SiOC group is 
not in the 29Si N M R  spectra probably due to the low 
concentrat ion of  these units and the necessity to use 
dilute solutions of  the polymer for recording N M R  spec- 
tra because of  its high molecular  weight and viscosity. 

Thus, the combinat ion  of  two methods of  study, IR 
and N M R  spectroscopies ,  makes it possible to e lucidate  
in more detail  the structure of  the final po lymer  prod-  
uct. The existence of signals of" the types considered 
above in the NMR spectrum of  reaction products  5 
indicates the absence of  the e l iminat ion of  the (CH3)3Si 
groups from the main chain and a fairly high selectivity 
of  chemical  t ransformations of  Pk,q-MS under  the s tud-  
ied condi t ions .  

The available data show that the studied metal  com-  
pounds can be arranged in the order  MoC15 = WCI 6 > 
H2PtCI 6 > AICI 3 by their efficiency in reactions of  the 
polymer-analogous  transformation of  PVTMS. The struc- 
ture of  the formed functional PCS and the dependence  of  
the extent o f  substitution of  S i - -CH3 groups in PCS on 
experimental  condit ions should be addit ional ly studied. 

Thus, the possibility of  using catalyt ic  systems based 
on compounds  of  group t l i ,  VI, and VIII  metals for the 
selective act ivat ion of  S i - - C  bonds and the target syn- 
thesis of  s i l icon-funct ional  polycarbosi lanes was d e m o n -  
strated for the first time. 

Experimental 

29gi NMR spectra were recorded on a Bruker WP-200SY 
spectrometer (]MS as external standard) IR spectra were ob- 
tained on a Specord M82 spectrometer m thin laye~ on KBro 

The authors  are grateful to I. S. Akhrem for discus-  
sion of  the obtained results and valuable remarks and to 
T. V Strelkova and L E. Vinogradova fi)r record-  
ing N M R  and IR spec t ra  
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Chemiluminescence in the oxidation of Na2S by oxygen in water solutions 
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Chemiluminescence was observed in the the oxidation of Na2S by oxygen in aqueous 
solution< One of the luminescence emitters was identified as the triplet state (SO2)* 
(~'-,n~x = 420 rim) generated without participation of free radicals at the first stage of 
oxidation of Na2S to Na2S203 Oxygen is a necessary reagent for CL and isa quenching 
agent. CL was shown to increase in the presence of Ru(bpy)3Cl 2 as a restllt of the transter of 
energy from (SO2)* to form Ru(bpy)32+*, which emits at Lma × = 593 n m  

Key words: chemiluminescence, catalysis 

Weak chemiluminescence (CL) has been observed 
previously in the oxidation of aqueous solutions of" 
NaHSO 3 (in the presence of metal salts) ! and Na2SO3 z by 
oxygen. The associate (O2)2" is the emitter in the former 
reaction (Lma x = 480 nm); in the second case the emitter 
is not identified. CL reactions of 0 3 with sulfur-contain- 
ing organic compounds and O atorns with CH3SH, 
CH3SCH3, SO are also known, 3 where the triplet state of 
the (SO2)* (Lma × = 340 nm) is the emitter. 

Chernihiminescence was observed in tile oxidation of 
Na2S (I)  by oxygen in aqueous solutions. A freshly 
prepared  so lu t ion  of 1 in water  (10 -2 tool L - i  
t/ = 20 mL) emits  light (/max = 1.7" I0 > 
photon/s"  mL), the intensity of which decreases 50 % 
alter 3 min. This auto-CL disappears when O 2 is re- 
moved by evacuation or by bubbling the solution with 
N 2. After the introduction of 0 2 into the solution of ! 
the intensity of chemihiminescence  jumps  tip and then 
begins to :;lowly decrease. A more pronounced jump in 
CL intensity is observed if N 2 has been preliminarily 
bubbled through the sohition (Fig. I). Thus, 0 2 in this 
system is both tile initiator of CL and the "quencher" of 
the CL entitter~ 

Products of the oxidation of 1 by oxygen are SO 2, 
Na2S20 3 and Na2SO4 4 We established that CL arises at 
the first stage of the oxidation that results ira Na2S20 3 
formation. Oxidation of Na2S20 3 and Na2SO 3 by oxy- 
gen under  similar conditions is not accompanied by C L  
In contrast to the CL that occurs during NaHSO 3 
oxidation, which is attributed to the recombinat ion of 
free radicals 2 HO 2 --+ H 2 + (O2)2", and is inhibited by 
the addition of phenol, I we did not observe a decrea~se in 
CL intensi ty  with the addi t ion of phenol  (up to 
10 4 tool L - i )  to the oxidized solution of I This allows 
us to assume that in Na2S oxidation CL occu~  generates 
without the participation of free radicals. The CL spec- 
trum that was measured with the help of cut-off  filters 
consists of three maxima (Fig. 2). The solutions of I 
before and after oxidation do not possess noticable 
photohimmescence PL (300 K). It can be assumed that 
one of the emitters of CL in Na2S oxidation is the triplet 
state (SO2)* (7~ma X ....... 420+-15 nm). The itature of the 
other maxima of the CL spectrum are not clear yet. 
According to the data, 5 oxidation of Na2S can proceed 
both with and without the fornmtion of elemental  sulfur. 
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