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Synthesis and thermal decomposition of cobalt-containing oligosilanes
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Oligo(phenylcobaltcarbonylsilane) was prepared from oligo(phenylsilane) and dicobalt
octacarbonyl. The reaction proceeds with elimination of Hy and CO and insertion of cobalt
carbonyl fragments into the silicone backbone of oligosilane. Oligosilane containing cobalt
carbonyl groups in side organic substituents was obtained from oligo|methyl(phenyl-
ethynyl)Jsilane and Co,(CO)g. The reaction of 1,2-bis(phenylethynyl)tetramethyldisilane
with Co,(CO)g proceeds with the sequential attachment of cobalt carbonyl fragments to
ethynyl groups to form disilane derivatives [n2-C=CPhCo,(CO)4]. Thermal decomposition of
cobalt-containing oligosilanes affords a mixture of paramagnets and ferromagnets.
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Organosilicon polymers and oligomers containing
transition-metal atoms are attracting particular interest
because these compounds can be used for preparing
ceramic and magnetic materials as well as catalysts. A
rather wide range of metal-containing siloxane and
carbosilane polymers are known.! Analogous organo-
polysilane derivatives are still poorly studied. Previ-
ously,? a polymer has been prepared in which disilanyl
groups alternate with metalloethyny! groups (M = Pt).
Polysilanes with side ferrocenyl groups> and with het-
eroatoms (Ge, Sn, As, or Te) in the main chain? were
synthesized by the Wurtz reaction. Polysilane derivatives
with titanium and zirconium atoms in the silicon chain
were synthesized by pyrolysis of polydimethylsilylene in
the presence of halides of these metals.5 In this work, we
studied reactions of oligoorganohydro- and ethynyisilanes
with dicobalt octacarbonyl, which yielded cobalt-con-
taining organosilicon oligomers.

Experimental

HPLC analysis was carried out on a Milikhrom-1A liquid
chromatograph (UV detector, 250 nm, 64Xx2-mm column
packed with a Separon-SGX sorbent with S-um particles).
Gases were analyzed on a Tsvet-530 gas chromatograph
equipped with a vacuum pump, a mercury manometer, and a
three-way cock (stainless steel 0.3%100-cm column, NaX mo-
lecular sieves). This device made it possible to measure the
pressure in the reaction tube and to introduce a gas sample,

while excluding air. The use of a thermal conductivity detector
and argon as the carrier gas allowed simultaneous determina-
tion of H,, CO, and CH,4. The composition of the gas phase
was calculated taking into account the tabulated values of
thermal conductivities of gases. Prior to analysis, the sorbent
was activated at 250°C for 2 h. Analysis was carried out at
20—25°C.

The molecular-weight characteristics were determined on a
gel-chromatographic instrument containing three Styrogel col-
umns with pore sizes of 25, 25, and 8 um, respectively. THF
was used as the eluent. An RIDK-101 differential refractome-
ter was used as a detector. Calibration was carried out with the
use of polypropylene glycol standards.

The IR spectra were recorded on a Perkin—Elmer 577
spectrometer The 'H NMR -~ :tra were obtained on a Tesla-
BS-567A spectrometer (100 MHz). The UV spectra were
recorded on a Specord-M40 spectrophotometer.

X-ray phase analysis was carried out on an IRIS instru-
ment equipped with a Debye—Sherrer camera (the diameter of
the camera was 53.7 cm, Cu-Ka radiation, nickel filter). X-ray
data were collected with rotation of the sample. The diameter
of the sample was | mm.

Magnetochemical measurements were carried out on a
Bruker B-E1S Faraday balance at 25°C. The field was stabi-
lized with a Hall Stabilizer for Field Control B-HI5. The
cobalt content of oligomers was determined photo-
colorimetrically on an SF-46 spectrophotometer according to
the known procedure.’

Sample preparation for analysis. A weighed sample of an
oligomer (0.03—0.06 g) was dissolved in a mixture (3 mL) of
CCly and MeOH (6:1, v/v), and three drops of Br, were
added. The mixture was shaken and kept at 25 °C for 20 min.
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Concentrated HCl (I mL) was added. The upper layer was
removed, and the bottom layer was twice extracted with
concentrated HCI until the blue color disappeared. The ex-
tracts were combined and concentrated in a porcelain dish.
Then the salt was transferred into a 250-mL volumetric flask
and diluted to the mark with distilled water. The concentration
of cobalt in the aqueous solution was determined from the
calibration curve.

Oligo(phenylcobaltcarbonylsilane) (2). A solution of
oligo(phenylsilane) 1 (1.45 g) in toluene (10 mL) and a solution
of Coy(CO)g (2.34 g, 6.9 mmol) in toluene (10 mL) were placed
separately in reaction tubes. The solutions were degassed by
repeated freezing-thawing in vacuo, cooled to —15°C, and
mixed. Gases that evolved were removed periodically in vacuo.
and the temperature was maintained at —10+15°C for 2 h.
Then the mixture was heated to 25°C, kept for 20 h, and
cooled to 0°C. The solution was decanted, and toluene was
removed in vacuo at 25—30°C. Hexane (20 mL) was distilled to
the product obtained. Then the solution was decanted and
concentrated. Oligomer 2 was obtained in a yield of 2.73 g as a
brown resin. M 740 (cryoscopy in benzene). The composition
was as follows (%): C, 51.25; H, 3.86; Co, 186
(photocolorimetry). UV (hexane), /nm: 307, 405, 'H NMR
(CDCly), &: 8.1, 7.65, 7.39, 7.34 (5 H, CgHs). The yield of a
hexanc-insoluble fraction was 0.62 g.

Thermal decomposition of oligo(phenylcobaltcarbonylsilane)
(2). Method A. Oligomer 2 (0.23 g) was heated in a quartz tube
connected with a mercury burette under an atmosphere of
argon. The temperature was gradually increased (over 3 h)
from 25 to 400°C. The volume of gas that evolved was
38.3 mL. Its composition (%) was as follows: H,, 2.1; CO,
87.1; CHy, 10.8. The weight loss was 0.05 g (21.7%).

Method B. A solution of 2 (0.5g) in hexane (5 mL) was
divided over five tubes in vacuo. The tubes were sealed off,
weighed, and heated at 125, 150, 200, 250, and 300 °C for 2 h.
The pressure in tubes was measured with the use of a mercury
manometer. The gas composition was determined by GLC.
The results are given in Table 1.

1,2-Bis(phenylethynyl)tetramethyldisilane (3). A solution
of CiMe,SiSiMe,Cl (303 g, 0.16 mol) in THF (50 mL) was
added dropwise with stirring and cooling to a solution of
PhC=CMgBr (410 mL, 0.49 mol). The mixture was heated for
12 h. Hexane (400 mL) was added, and then | M HCI (200 mL)
was added with stirring ~~d cooline The organic layer was
separated, washed with water, and dried with CaCl,. The
solvent was removed by distillation. Sublimation of the residue
yielded 6.2 g (12%) of compound 3 as white crystals, m.p. 74—
75°C. Found (%): C, 75.30; H, 6.90; Si, 18.02. Cy4H>,Si,.
Calculated (%): C, 75.41; H, 6.96; Si, 17.63. IR, v/iem™!: 2140
(C=C); 1240, 840, 785, 770 (Si—Me); 3050, 1580, 1480, 1430,
1215, 1070, 1030, 815, 750, 680, 650, 600, 540 (Ph).

Table 1. Volume and composition of gas evolved upon thermal
decomposition of 2 in evacuated tubes.

Number 7/°C

V*/mL Composition of the gas phase (mol.%)

of tubes H, CO CHy
| 100 29 16 84 —
2 150 109 - 100 —
3 200 202 - 100 —
4 250 171 — 73 27
5 300 140 _ - 100

*Per | g of oligomer 2.

Reaction of disilane 3 with dicobalt octacarbonyl. A solu-
tion of Coy(CO)g (3.42 g, 0.01 mol) in CH,Cl, was added to a
solution of disilane 3 (1.59 g, 0.005 mol) in CH,Cl; (10 mL).
The mixture was stirred for 12h. It was demonstrated by
HPLC, taking into account the quantity of CO evolved. that
virtually all Co,(CO)g reacted with ethynyldisilane. The sol-
vent was removed in vacuo. 1,1,2,2-Tetramethyl-1,2-bis(phenyl-
ethynyldicobalthexacarbonyl)-1,2-disilanc (4) was obtained in
a yield of 4.19g (94%) as a brown powder. Found (%): C.
43.20;, H. 2.63; Co, 27.80. C;,H,,C040,,8i,. Calculated (%):
C, 43.15; H, 2.49; Co. 26.50. IR, v/em™!: 2940, 2880. 1240.
840, 785, 770, 750 (Si—Me); 3050, 1580, 1550, 1475, 1465,
1430, 1215, 1070, 1020, 820, 730, 680, 660. 600 (Ph); 2070.
2040, 1980, 510, 490, 450 (Co—COy).

Oligo[methyl(phenylethynyl)]silane (7). A solution of
oligo(methylchlorosilane) 6 (0.35g-at. Cl, 27.7g) in THF
(50 mL) was added dropwise to a 1.78 M solution of
phenylethynylmagnium chloride (207 mL, 0.37 mol) obtained
from PhC=CH and MeMgCl in THF. After completion of the
exothermal reaction, the mixture was refluxed for 10 h and
filtered. The solvent was removed by distillation. Benzene
(150 mL) was added, and the mixture was filtered. The filtrate
was washed with a saturated solution of NH,CI at low tem-
perature and dried with Na;SO4. The major portion of benzene
was removed by distillation. The viscous residue was evacuated
in vacuo (0.1 Torr) at 80—100°C for 5h. Oligomer 7 was
obtained in a yield of 28.9g (57%) as a yellow-brown glassy
compound, M, 705, M, 410, M /M, 1.7. Found (%): C,
73.55; H, 6.03; Si, 18.72. CqHgSi. Calculated (%): C, 74.94;
H, 5.59; Si, 19.47. IR, v/em™!: 2140 (C=C); 1240, 830, 750
(Si—Me); 3040, 1580, 1560, 1470, 1430, 1070, 750, 690, 600,
540 (Ph). 'H NMR (CDCly), 8: 0.6 (s, 3 H, MeSi); 7.0—7.5
(m, 5 H, Ph). UV, x/nm: 220.

Reaction of silane 7 with dicobalt octacarbonyl. A solution
of Coy(CO)g (1.17 g, 3.4 mmol) in CH,Cl; (10 mL) was added
to a solution of oligosilane 7 (0.50 g) in CH,Cl, (10 mL). The
course of the reaction was monitored by IR spectroscopy (a
decrease in the intensity of the absorption band v(C=C) at
2140 cm™!) and volumetrically (CO evolution). The mixture
was stirred at 25 °C for 12 h, and then CH,Cl, was removed in
vacuo. The residue was washed with pentane, and then pentane
was removed in vacuo. Oligo[methyl(phenyl-
ethynyldicobalthexacarbonyl)|silane (8) was obtained in a yield
of 1.45g (97%) as a dark-brown powder. Found (%): C, 40.34;
H, 2.35; Co, 28.54 (photocolorimetry). C,sHgCo,0¢Si. Calcu-
lated (%): C, 41.87: H, 1.87; Co. 27.42. IR, v/ecm™!: 1250,
830, 750 (Si—Me); 3040, 1580, 1070, 720, 680, 600 (Ph):
2060, 2040, 2010, 510, 490 (Co—CO).

Results and Discussion

Reaction of oligo(phenylsilane) with dicobalt octa-
carbonyl. Oligosiloxanes containing cobalt carbony!
groups were prepared by the reaction of oligo(methyl-
hydrosiloxanes) (MeHSiO), or Me;Si(0OSiMeH),08iMe;
with dicobalt octacarbonyl.® Analogous reactions of
oligo(organohydrosilanes) H(RHSi),H have not been
studied yet. However, it is known that the reaction of
the model compound, 1,1,2,2-tetramethyldisilane, did
not stop at the stage of attachment of one or two cobalt
tetracarbonyl groups. Further transformation of primary
silylcobalt derivatives to the final product with two
bridging dimethylsilylene fragments occurs® (Scheme 1).



Synthesis of cobalt-containing oligosilanes

Russ.Chem. Bull., Vol. 45, No. 10, October, 1996 2433
Scheme 1
colco ﬁiMe2
e 02( )3 cent ., COz(CO)
HMe,SiSiMe, H —HCo(co), HMe,SiSiMe,Co(CO), <™ HMe,Si—Co(CO), _HCO(CO)B‘
Me\ /Me
SiMe, /Si\
e (CO),Co—SiMe;—Co(CO), = (CO)SCO<—;C0(CO)3
Si
Me” \Me

We have studied the reaction of Co,(CO)s with low-
molecular-weight polyphenylsilane H(PhHSi),H (1) ob-
tained by dehydrogenative polymerization of phenylsilane
under the action of dicyclopentadienyldimethyl-
titanium.'® Oligomer 1 is a yellow viscous liquid readily
soluble in toluene, M = 550 (n ~ 5.2). The reaction of
oligomer 1 with Co,(CO)g occurs at —[0+15°C with
vigorous gas evolution to form oligo(phenylcobalt-
carbonylsilane) 2. The course of the reaction can be
monitored by HPLC. The chromatogram of the initial
oligomer 1 consists of five major components (linear
and cyclic oligosilanes with different chain lengths).

Cobalt carbonyl groups decrease substantially reten-
tion volumes (V). The final product was eluted as four
peaks. A change in the composition of the eluent makes
it possible to increase the difference in V., but we failed
to isolate additional components. An artificial mixture
of 1 and 2 was readily separated. It followed from the
data of HPLC that oligomer 1 was consumed com-
pletely in the reaction of 1 with Co,(CO)g, and the
interaction of the initial compound 1 with the final
product 2 was not observed. Oligomer 2 is a brown
resinous substance soluble in toluene and poorly soluble
in hexane.

The IR spectrum of oligomer 2 shows 11 bands in
the stretching region of caruonyl groups (2088, 2075,
2068, 2057, 2045, 2040, 2032, 2027, 2020, 2012, and
2005 cm™!), 13 bands, which characterize the Si—Ph
fragment (1490, 1435, 1270, 1135, 1105, 1033, 1005,
745, 705, 580, 553, 533, and 455cm™!), and a weak
band at 2097 cm™!, which corresponds to residual Si—H
groups. The IR spectrum shows also bands at 520, 500,
and 490 cm™!, which we assigned to deformation vibra-
tions of C=0 groups. The complex structure of the IR
spectrum in the 2090—2000 cm™' region indicates that
several types of cobalt carbonyl fragments are present in
the oligomer. The IR spectra of the product obtained at
the (PhSiH) : Coy(CO)g ratios of 2: 1 and [ :1 differ
from each other. The oligomer obtained at the ratio of
2:1 has a more intense absorption band at 2100 cm™!
(Si—H) and 1 absorption bands in the stretching region
of C=0 groups. When the reagents were taken in the
ratio of 1 : 1, the IR spectrum of the product shows only
six absorption bands v(C=0) in this region.

In the oligophenylsilane—Co,(CO)y system, the re-
actions described by Eqs. 1—4 may occur.

—HPhSI—SIPhH— + Co,(CO), —
1
—= —PhSi—SPhH— + HCo(CO),
0(CO), (M
A

— HPhSi—SiPhH— + HCo(CO), — A +H, (2)

(co),

Co
Ph
;Si/ l \s(
N
(CO),
B

A + HCo(CO), —» +H,+2C0 (3)

A + Co,(CO); — B + HCo(CO), + 2 CO “4)

Analysis of the gas phase provided additiona: data on
the reaction of oligomer 1 with dicobalt octacarbonyl. It
was established that the first portions of the gas that
evolved were enriched with carbon monoxide. Thus,
when oligomer 1 reacted with an equimolar amount of
Co,(CO)g, the gas mixture after 0.5 h contained 32% of
H; and 68% of CO, whereas after 12 h, the H, : CO
ratio was 52 : 48. When the oligomer 1 : Co,(CO); ratio
was | : 2, the gas mixture was even more enriched with
carbon monoxide. The H, : CO ratios were 22:78,
25:75, 34:66, and 38:62 after 0.5, 2, 4, and 12h,
respectively. We believe that the mixture was enriched
with carbon monoxide because fragments A that formed
at the first stage reacted with Co,(CO)g according to
reaction (4) (with elimination of CO (2 mol)) rather
then with HCo(CO),;. When the initial (PhSiH) :
Coy(CO)g ratio was |:1, HCo(CO), was consumed
more efficiently, and hence, the gas phase became gradu-
ally enriched with hydrogen. When the reaction was



2434 Russ.Chem.Bull., Vol. 45, No. 10, October, 1996

Semenov er al.

Scheme 2

PhC=C—SiMe,SiMes~C=CPh + 2 Co,(CO),

3

h—C——C — SiMe

P
\
i
\
(CO)Bi/

carried out with equimolar amounts of the reagents, the
amount of hydrogen that evolved indicated that no less
than 55% of silicon-hydride groups of oligomer 1 en-
tered into the reaction with Coy(CO)g and HCo(CO),.
The actual degree of substitution should be somewhat
higher because some hydrogen remains in the form of
HCo(CO),. Therefore, product 2 is a mixture of oligo-
mers containing structural units A, B, and (PhSiH). The
cobalt content of oligomer 2 was 18.6%.

Oligo(phenylcobaltcarbonylisilane) 2 is rather stable
to oxygen and moisture. A short-term exposure to air
(15—20 min) leaves the IR spectrum unchanged. How-
ever, a more prolonged exposure to air (3—5 h) results
in the appearance of a broad band at 1030 cm™!, which
is indicative of the presence of siloxane bonds. In this
case, the oligomer becomes insoluble in toluene.

Reaction of oligo[methyl(phenylethynyl)]silane with
dicobalt octacarbonyl. It is knownl!! that phenyl-
ethynylsilanes PhC=CSiR; react with Co,(CO)g to pro-
duce [n2-C=CPhCo,(CO)4]SiR;. In the PhC=CSiMe,H
compound, the ethynyl group reacts first followed
by the silicon-hydride group to form
[n2-C=CPhCo,(CO)4]SiMe,Co(CO),.1T We have estab-
lished that when Co,(CO)y reacts with ethenyldisilanes,
the silicon—silicon bond is not cleaved. Thus, the reor-
tion of 1,2-bis(phenylethynyl)tetramethyldisilane (3) with
Co,5(CO)g (2 mol) proceeds with a quantitative addition
to both C=CPh groups (Scheme 2).

The course of the reaction is conveniently monitored
by HPLC. As in the case of oligophenylsilane 1, the
cobalt carbonyl fragments decrease retention volumes.
The initial disilane 3 is readily separated from Co,(CO)g
and from the addition products. Addition of Co,(CO)y
(2 equiv.) to disilane 3 resulted in an almost complete
transformation of these compounds to 1,1,2,2-tetra-
methyl-1,2-bis(phenylethynyldicobalthexacarbonyl)-1,2-
disilane 4. When the reaction was carried out with
equimolar amounts of the reagents, Co,(CO)g was con-
sumed completely and disilane 3 remained in an amount
of 11 mol.%. Besides compound 4, the mixture con-
tained product 5 with a smaller retention volume as
compared to 3. The molar ratio of 3:4: 5was 11:39:50.
After the addition of 1 equivalent of Coy(CO)g, com-
pound 5 and disilane 3 transformed to one final product

o—lo(CO)3

CH,CI,
20°C, 12 h

,SiMe,——C—C—Ph + 4CO

7/
I
(CO),Co—Co(CO),

4

4. These results suggest that the intermediate compound
5 is 1,1,2,2-tetramethyl-1-phenylethynyl-2-phenyl-
ethynyldicobalthexacarbonyl-1,2-disilane, which is a
product of the addition of Co,(CO); to only one of two
ethynyl groups (Scheme 3). However, we failed to iso-
late this compound.

Scheme 3
CH,CI,

3 + Co,(CO),  ——2-2—m
20°C, 12h

3+ 4+
Ph—C—C—SiMe,— SiMe;—C=CPh
N

(CO)SCO——-CO(CO)3
5

Ethynyl groups act as two virtually independent re-
action centers. It is also known!? that in organosilicon
polymers of the —[SiR,—C=C—C=C],— type, Co»(CO)y
adds predominantly to only one ethynyl group of the
diethynyl fragment for steric reasons.

Oligo[methyl(phenylethynyl)]silane (7) was prepared
from oligomethyichlorosilane (6)!3 and phenylethynyl-
magnesium chloride.

Scheme 4

Me

g THF
—{(Si}=— + PhC=CMgCI

—_—
65 °C, 10 h

Compound 7 is a pale-brown glassy substance, which
softens in the temperature range of 95—105°C. Treat-
ment of 7 with dicobalt octacarbonyl vyields
oligo[ methyl(phenylethynyldicobalthexacarbonyl)]silane
(8) as a brown powder.
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Scheme 5
Me
CH,Cl, g
7 + nCo,(CO), -—2-6°—C-> —{Si)— + 2nCO
\—C—-Ph

N
(C0),Co——Co(CO),
8

Oligomer 8 is rather stable to oxygen and moisture,
readily soluble in benzene, THF, and CH,Cl,, and
poorly soluble in saturated hydrocarbons.

Thermal decomposition. Thermal decomposition of
oligomer 2 was studied by two methods: first, by heating
the oligomer under an atmosphere of argon in a tube
connected with a mercury burette used to collect the gas
phase (Fig. 1) and, second, by heating in sealed evacu-
ated tubes (see Table 1). When the temperature was
slowly increased (during 3 h) to 400 °C, gradual accu-
mulation of gas was observed, which was virtually com-
pleted at 250 °C. The gas phase had the following com-
position (%): H,, 2.1; CO, 87.1; CHy, 10.8. The weight
loss was 21.7%. The data of IR spectroscopy demon-
strated that in the product obtained by heating com-
pound 2 to 250 °C, carbonyl groups still remained (four
medium intensity bands at 2005, 1990, 1960, and
1945 cm™!). Heating to 400°C resulted in complete
destruction of the compound. The IR spectrum showed
no bands corresponding to carbonyl groups and even to
Si—Ph fragments. The solid products (250 and 400 °C)
are X-ray-amorphous. A fine-crystalline phase (cobalt
and its silicides) appeared only when the sample was
heated to 600 °C.

The volumes of the gas evolved after decomposition
of oligomer 2 in sealed evacuated tubes and its composi-
tion are given in Table 1. As can be seen from Table |
and Fig. 1, the gas phases obtained by heating 2 to 300—

v/
FmL

194}

1 1 | I s 1 i
100 200 300 T/C

Fig. 1. Curve of gas evolution in the course of thermal decom-
position of oligophenylcobaltcarbonylsilane 2 (m=10.23g).

400 °C in a device equipped with a burette and in sealed
tubes differ substantially in composition. In the tube,
only CH, was detected, whereas in the burette, H,, CO,
and CH, were found. The removal of the gas from the
hot zone to the burette prevents the formation of meth-
ane, whereas in sealed tubes (in the presence of cobalt
compounds at 250 °C), carbon monoxide and hydrogen
produce methane. Apparently, this is the cause of a
certain decrease in the total volume of the gas evolved at
250 and 300 °C as compared to that obtained at 200 °C.

No organic compounds (benzene, biphenyl, erc.),
which could be formed upon elimination of phenyl
groups, were found (extraction with ether and analysis
by GLC) in the products of thermal decomposition of 2
(both in tubes and in the device equipped with a bu-
rette). Apparently, organic compounds undergo graphi-
tization, whereas hydrogen is consumed for the forma-
tion of methane in the presence of cobalt compounds at
high temperature.

Prior to decomposition and after heating to 100 °C,
oligomer 2 appears as a brown resin. After heating to
150 °C and above, 2 appears as a black brittie substance.

Figure 2 shows the relationships between the specific
magnetization and the magnetic field intensity for the
samples of oligomer, which were thermally treated in
evacuated tubes at 125, 150, 200, 250, and 300 °C for
2 h. It follows from Fig. 2 that the initial compound 2
and the products of its heating to 125 and 150°C are
very weak paramagnets. In the temperature range of
25—150°C, the magnetic properties remain virtually
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Fig. 2. Dependence of the specific magnetization on the mag-
netic field intensity (#) for oligophenylcobaltcarbonylsilane 2
initial (/) and heated at the temperature (°C): 125 (2), 150 (3.
200 (4), 250 (5), and 300 (6).
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unchanged. An increase in the temperature to 200 °C
causes structural changes, which result in the occur-
rence of ferromagnetism. However, the contribution of
the ferromagnetic component decreases as the tempera-
ture increases further. Oligomer 2 heated to 250 °C and
particularly to 300°C exhibits substantially weaker
ferromagnetic characteristics than the sample treated at
200°C. As follows from the results of X-ray phase
analysis, these transformations occur in the amorphous
state. The relationships observed o = f(H) reflect
complex processes, which occur in the oligomer upon
heating.

Thermal decomposition of oligo[methyl(phenyl-
ethynyl)]silane 7 was carried out in vacuo by heating the
sample slowly (over 4 h) from 20 to 400 °C. When the
sample was heated to 200 °C, its IR spectrum remained
unchanged. Further increase in the temperature (250—
300 °C) caused a substantial degradation of the oligo-
mer. In the IR spectrum, the absorption band at
2140 cm™! (C=C) disappears, and intensities of the bands
at 1240 and 830 cm™! (Si—Me), and 1580, 750, and
690 cm™! (Ph) decrease. The IR spectrum of the sample
of 7, which was heated to 400°C and kept at this
temperature for 0.5 h, shows a broad band in the region
of 1150—800 cm™'. This sample is a cross-linked
preceramic phase of silicon carbide.!4

Cobalt-containing oligosilane 8 is stable up to 120 °C.
At 150 °C, rapid elimination of CO was observed. The
intensities of the absorption bands at 2060, 2040, and
2010 cm™! (C=0) decrease, and these bands completely
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Fig. 3. Dependence of the specific magnetization on the mag-
netic field intensity (H) for oligomer 8: initial (/) and heated
at the temperature (°C): 85 (2), 125 (3), 155 (49, 180 (5, and
500 (6).

disappear at 180°C (0.5h). The weight loss of the
sample heated at 500 °C for | h and washed with hydro-
chloric acid (to remove cobalt) was 74%. Figure 3 shows
the relationships between the specific magnetization and -
the magnetic field intensity of oligomer 8 heated at 85,
125, 155, and 180°C for 2 h and at 500°C for [ h. It
follows from Fig. 3 that substantial changes in the
magnetic properties occur at about {50 °C. In this tem-
perature range, intense elimination of carbon monoxide
from the oligomer occurs. Samples heated at 85 and
125 °C are weak paramagnets. The character of curves 4
and 5 (see Fig. 3) indicates that the products of thermal
decomposition (at 155 and 180°C) are mixtures of
paramagnets and ferromagnets. When compound 8 was
kept at 500 °C for | h, the ferromagnetic properties were
enhanced substantially. The character of curve 6 indi-
cates that the contribution of the paramagnetic compo-
nent is minimum. Analysis of the o = f(H) relationships
shown in Figs. 2 and 3 demonstrates that the products of
thermal decomposition of oligomers 2 and 8 exhibit
comparable ferromagnetic properties. The limiting mag-
netization o for oligomer 2 is approximately twice as
large as that of oligomer 8. This magnitude is achieved
at lower temperature. The contribution of the paramag-
netic component for the products of thermal decompo-
sition (180—290 °C) of oligomer 8 is more significant
than that for the corresponding products of decomposi-
tion of 2. Heating of oligomer 8 caused a gradual
increase in the limiting magnetization, whereas for 2 a
more complex temperature dependence of o was ob-
served.

Therefore, our study demonstrated that two types of
cobalt-containing organosilicon oligomers can be ob-
tained by reactions of oligoorganosilanes with dicobalt
octacarbonyl. Hydrosilane yields an oligomer in which
cobalt carbonyl groups are incorporated into the main
chain and form side substituents. Each cobalit atom is
bonded to one or two silicon atoms. Ethynylsilane pro-
duces an oligomer containing cobalt carbonyl groups
only in side organic substituents.
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