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FOLYORGANOT TTANOS TLOXANES

YT, THE COHYDROLYSIS REACTION OP BIS =
(ACETYLACRETCNATE)DICHLOROTITANIUM WITH
ALKYL{ARYL )TRICHLOROS ILANES

/¥ollowing is the translation of an article
by K. A. Andrianov, Sh, V. Pichkadze, and I.
V. Bochkareva in the Russian language publica-
tion Vysokomolekulyarnyye Soyedineniya (High-
Molccﬁ¥§?_635boun335 601 IV, No 2, ﬁoscaw,
1962, pages 256-260,

There is no data available in the literature concern-
ing investigation of the cohydrolysis reaction of tri-
functional sijiica-organic compounds with difunctional
titano-organic compounds. In one of the papers it was
shown that bis. {acetylacetonate)dichlorotitanium, upon
cohydrolysis with dialkyl (aryl)dichlorosilanes, reacts 1
Jike & difunctional monomer with the formation of polymers.

There is a definite interest to investigate the
reaction of hydrolysis of bis~(acetylacetonate)dichloro-
titanium wii% tritfunctional silico-nrganic compounds,

This paper presents experimental data on the cohydro-
lysis resctican of big(acetylacetonate)dichlorotitanium
with methyl-etbyl. and phenyl-trichlorosilanes, The hydro-
Iysis reaction was studied in an aqueous medium, using
pyridin a2 an acvceptor and toludl as a solvent,

Tests have shown that the hydrolysis reaction of bdise.
facetylacetonata)dichiorotitanium with alkyl(aryl)trichloro-
silanes takes place according to the equation shown. on the
smxt page, and results in the production of high-molecular
c¥iroounda. However the composition of the polymers depends
or. the organic group of alkyl(aryl)trichlorosilanes used
iz the reaction, '

In conducting the reaction in molar ratios of alkyl
(aryl)trichlrosilanes to bis-(acetylacetonate)dichlorotita-
pium, the vatio of silicone atums to titanium in the compo-
sitien of the pelymer did not correspond to the one used
in the reaction, In every instance we observed a higher
51:Ti ratis in the polymer, and the maximum ratio was
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obtained with hydrolysis of bis-(acetylacetonate)dichloro-
titanium with methyltrichlorosilane, while the minimum
was obtained for poly-bis-(acetylacetonate)titanophenyl.
siloxane (see Table 1),

The data obtained from elementary analysis and
analysis of the functional groups of polymers show that
the composition of the polymers corresponds to a link in
the polymer chain as shown in table 1. The molecular
weight, as determined by the osmometric method for polye-
bis-(acetylacetonate)titanophenylsiloxane, was greater
and equalled 103,000 (this weight was calculated by Yu,

S. Ksimantovskaya).

Investigation of the infra-red spectra of poly-bis-
(acetylacetonate)titanoalkyl-(aryl)siloxanes showed that
all of the polymers have an absorption band for the Ti - 0
bond in the Ti « 0 - Si group, and total absorption is
observed in the region that is characteristic for Si < 0
bond in the Si = 0 - Si group (see Table 2),

The polymers' good solubility as well as their thermo-
mechanical properties (Figure 1, a) are indicative of the
absence of bonded iterally: stitched/ or spacial molecu-
lar structure, while the data obtained by elementary ana~
lysis and functional group analysis correspond to the 1link
in the chain whose molecule must have a bonded /stitched/
or cyclo-linear structure, By comparing the experimental
data from the analyses and studying the properties of poly-
bis~(acetylacetonate) titanomethylsiloxane, polz-bis-
(acetylacetonate)titanoethylsiloxane and poly-bis-(acetyl-
acetonate)titanophenylsiloxane we are permitted to conclude
that they have a cyclo-linear structure of such a composi-
tion that it is possible to have chains of both eight- and



six-member rings bonded in the chain with oxygen,

0 0 CH,
Ny [ o2k
¢ 4 L™
d & - I
Y N N/ B A
R R

Investigation of the viscosity of the solutions ,in
benzol has shown that the viscosity of poly-bis-(acetyl-
acetonate)titanophenylsiloxane congtituted 0,073, that
of poly-bis-(acetylacetonate)titanoethylsiloxane -- 0,0670,
and that of poly-bis-(acetylacetonate)titanomethylsiloxane
~= 0,069, These data are not typical for filamented
molecules, which speaks in favor of the above-mentioned
molecular structure of the polymer, The polymers obtained
were submitted to structurized heating at 100, 160 and
200, It was established that as a result of such heating
all of the polymers lost their solubility (table 3),

As can be seen, only poly-bis-(acetylacetonate)
titanophenylsiloxaneoretained partial solubility even
after heating at 200° for a period of four hours, while
poly-bis-(acetylacetonate)titanomethylsiloxane and poly-
bis-(acetylacetonate)titanoethylgiloxane lose their
solubility entirely,

At the same time, after heating the thermomechanical
properties of the polymers are sharply altered (see Pigure
1, b), After heating, the polymers possess the typical
properties of structurized polymers,

Roentgenostructural examination of these polymers
indicates (figure 2) that poly-bis-(acetylacetonate)titano-
methylsiloxane and poly-bis-(acetylacetonate)titanoethyl-
siloxdne have a structure that,by the degree of regularity
in the arrangement of macromolecules, is transitionmal,
between crystalline and amorphous structures, and only
poly-bis-(acetylacetonate)titanophenylsiloxane has an
amorphous structure,

All of the synthesized polymers are in the form of
a yellow substance which, in a soluble state, forms hard
films on the surface after evaporation of the solvent,

Experimental Section

Bis~(acetylacetonate)dichlorotitanium was synthesized



by the Rosenheimz method,

Cohydrolysis of methyltrichlorosilane with bis-(ace-
t 1ace¥ona§e531cﬂIoroti¥an¥ul. The reaction was done in a
T%E?:EEEE'TlnsE equipped with a mechanical stirrer, a
reverse condenger and two dropping funnels. Into the flask
were placed 100 milliliters of toluol, 1416 grams (0,0947
mols) of methyltrichlorosilane, and 30 grams (0.0947 mols)
of bis-(acetylacetonate)dichlorotitanium. While stirring,
pyridine and a ten-fold elcess of required water were X
introduced through the dropping funnels. Upon termination
of the hydrolytic reaction the toluol layer was separated
from the aqueous layer and it was washed several times with
distilled water., The toluol was distilled under reduced
pressure, and the polymer obtained was vacuum-dried until
it reached a constant weight, We obtained 12,55 grams of
polymer (yield: 40.3% of the theoretical).

Cohydrolysis. of ethyltrichlorosilane with bis-(acetyle-
acetona?e;Eicﬁiorofifanlua. The synthesis was conducted
with the equipment described above; from 15,48 grams
(0.0947 mols) of ethyltrichlorosilane and 30 grams (0.0947
mols) of tis-(acetylacetonate)dichlorotitanium we obtained
18 grams of polymer (yield: 48% of the theoretical),

Cohydrolysis of phenyltrichlorosilane with bis~
(acet IacetonateSEIcEIorot¥EanIu-. Poly-bis-(acetylacetonate)
titanophenylsiloxane was synthesized from 30 grams (0.0949
mols) of bic-(acetylacetonate)dichlorotitanium and 20,03
grams (0.C949 mols) of phenyltrichlorosilane., We obtained
23.19 §rams of polymer (yield: 62.6% of the theoretical).

he selubility of the polymegs was determined by the
method described in the literature”. The hydroxil groups
were determined by the Terent'yev method, The thermo-
mechanical examigation was conducted according to the
method described”,

The infra-red spectra were obtained in the INBOS
optical laboratory, under the management of I, V.
Obreimov; the thermomechanical measurements were conducted
in .the laboratory of polymer physics managed by G. L.
Sionimskiy. The roentgenograms were taken in the labo-
ratory of roentgenostructural analysis directed by A, I,
Kitaygorodskiy. The authors wish to express their apprecia-
tion for the assistance rendered by the workers in these

jaboratories.
CONCLUSIONS

1, We investigated the cohydrolysis reaction of
alkyl(aryl)trichlorosilanes with bic-(acetylacetonate)
dichlorotitanium and showed that it leads to a synthesis
of polyorganotitanosiloxanes,
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2. In the initial phase the polymers obtaired have
properties that are typical for cyclo-linear structured
polymers, and after thermal treatment they are transformed
into stiucturized polymers,

From the Institute of Elementoe
Organic Compounds, AN SSSR
(Academy of Sciences,USSR)
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Frequencies for groups, em”

OH,
o-b
GH, — 81 [CH, — 81 CuHy —[8i ~ O 81 =0 /‘o-c JcH
lymers -
Folys éﬂn

Poly-bis-(acetylace- .
tonate)titanomethyl| 1260 - —a mi.q,,ﬁﬁ ;g;g

Pg%loggne(“et lace 1870
tﬁiEte titanodthyl-, — | 1248 | — | same| g2t 1370
siloxgne ,

Poly-bgs-gacetylace- 1570
tonate)titanophenyl — - 1130 | same | 921 1370
siloxane . 1520

1570
Table 2, Infra-red spectra of polymers,
loan-6uc-(anerananeronar)- | Ilonm-Guc-(aneTRaaneTonst). nm&mﬂm

@ (O TRTamo@enmNORIOKCAN T TETAROWIEACKNOKCAN d'r can

\‘/lel- — | t00c | 100 | 2000 | — | 100° | 160* | 2000 | —| s00* | t60° | 200°

T pOROIMMR TENBROOTE RATDOBANAN, YAOM
e | 5 | 1 \ 0 s | 2 s |o] s 2 .
@ Toayon 100 | 400 ] 100 | 79 100 | 100 | Hepaorsopuu {1 Hepactaopun
@ Aneron | 100 100] €3 | 33 | 100] 100 | Qrome It o me

Table 3. Solubility of poly-bis-(acetylacetonate)tita-

no-organosiloxanes,
Legend: a) Solvent £f) Toluol
b) Poly-bis-(acetyl- g8) Acetone
acetonate)titano- h) 1Insolubile
phenylsiloxane i) The same

€¢) Poly-bis-(acetylaceto-
nate)titanoethylgsiloxane

d) Poly-bis-(acetylacetonate Jtitanomethylsiloxane

e) Duration of thermal treatment in hours
10,657
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POLYTINORGANOS ILOXANES

-

[Following is the translation of an article by B, 2,
Asnovich and K. A, Andrianov in the Russian language
publication stogonolekul;carn*ze SOHedineniza
(High-Molecular Compoun » VO y NO 2, scow,
1962, pages 216-220

Elemento-organic polymers with inorganic molar chains
are known uncer the name of polymetallo-organosiloxanes
and at the present time are drawing much attention, 1In
this paper we present a study of new polymers --polytinor-
ganosiloxanes--whose main molar chains are made up of
atoms of silicone, oxygen and tin, and the silicone atoms
are surrounded by methyl, ethyl and phenyl groups.

The first lla-ples of polytinorganosiloxanes were
obtained in 1956 by the concurrent hydrolyais of diethyl-
dichlorotin with dialkyldichlorosilanes as well as with
s mixture of diethyldichlorosilane and phenyltrichloro-
silane with subsequent condensation of the products of
cohydrolysis.

The polytinorganosiloxanes studied in this paper
were obtained from a reaction of double decomposition of
sodium salts of alkyl-(aryl)-trioxisilane tin tetra-
chloride according to the equation:

4RS! (OH), ONa + Su Cly - |RSi (OH)y O} Sn + 4NaCl;
» [R81 (OH)s O}¢8n — {|RSIO Su), + HO,

|
where R=CH, GCH,, CeH,.

By changing the ratios of the reagents, it was
possible to regulate the ratios between the number of
silicone and tin in the end product over a wide range and
consequently to obtain polymers having different properties.
Vy using the above-indicated reaction we obtained polytin.
methylsiloxanes with a ratio between the silicone atoms



and tin atoms rangipg from 4:1 to 17:1, polytinethylsilox-
anes with an S&:Sn ratio from 1.25:1 to 19,531, and poly-
tinphenylsiloxanes with an Si:8n ratio from 1.i7:1 to
17.4:1, Table 1 presents the results of chemical analysis
of the new polytinorganosiloxanes.

Polytinmethylsiloxanes, polytinphenylsiloxanes and
polytinethylsiloxanes with a ratio of silicone atoms to
tin atoms in the polymer equal to 1.25 (P 3.98 had the
appearance of colorless, géas.-likn, trinsparent, solid
and brittle substances. lytinethylsiloxanes with 8i:8n
ratio equal to 7.74, 15,5 and 19,5 at room temperature
look like viscous tars, light yellow in color,

Polytinmethylsiloxanes are stable in solution, how-
ever when they are distilled from the solution, even at -
20-22°, they-are no longer soluble in organic solvents
and do not melt upon heating. Polytinethylsiloxanes and
polytinphenylsiloxanes differ from polytinmethylsiloxanes
in that they can be distilled from the solution with
preservation of polymer solubility in organic solvents.
Table 2 shows the solubility in organic solvents of polye-
tinethylsiloxanes and polytinphenylsiloxanes of different
chemical compositions.

Prom table 2 it can be seen that polytinethylsiloxanes
and polytinphenylsiloxanes with an Si:Sn ratio of 4 or
more dissolves well in most organic solvents. Polytin-
ethylsiloxane and polytinphenylsiloxane with an Si:Sn
ratio equal to 1 dissolves only in acetone, When th‘{ are
?eatzd gglytinethylniloxanca quickly lose their solubtility

tabdble .

From table 3 it can be seen that polytinethylsiloxane
with an Si:Sn ratio equal to 4 can no longer be dissolved
in acetone, benzol and carbon tetrachloride after it has
been heated at 200° for a period of two houra, When this
same polymer is heated at 150° for ten hours there is
significant loss of solubility,

In contrast to polxtinethylsiloxanc., the polytine
phenylsiloxanes lose their solubility upon heating
more slowly, Table 4 shows the changes in solubility of
polytinphenylsiloxanes with an Si:Sn ratio equal to-4 and-
17 in benzol, acetone and carbon tetrachloride depending
on the different temperatures at which the polymers were
heated, ’

Tabie 4 shows that polytinphenylsiloxane with an
Sii1Sn ratio equal to 4 loses its sglubility in organic
solvents after being heated at 200", whereas polytinphenyl-
siloxane with an SitSn ratio equal to 17 loses its solud ltay
more slowly. Thus, for instance, after being heated at 200



for ten hours the polymer with an Si:Sn ratio of 4 is
completely insoluble in benzol and acetone, and the
polymer with an Si:Sn ratio of 17, on the contrary, retains
its solubility in full, in the above-mentioned solvents.
From table 4 it can be seen also that acetone is the best
solvent for polytinphenylsiloxanes. The solubility of
polytinphenylsiloxanes and polytinethylsiloxanes containing
various quantities of tin in their composition decreases
with increased tin content in the polymers.

Investigation of the kinematic viscosity of 5, 10 and
30% solutions of polytinethylsiloxanes and polytiaphenyl-
siloxanes in toluol with different SiiSn ratios showed
very close results, The polymerisation time for polytin-
ethylsiloxanes and polytinphenylsfloxunes depends on their
tin content, Table 5 shows the change in polymerization
time of the polymers depending upon the Si:Sn ratio in the
p01ymero

It can be seen from Table 5 that,as the tin content
in the polymers increases,the polymerization time decreases.
When the Si:Sn ratio of polytinethylsiloxanes is changed
from 4 to 8, the polymerization time is abeut 30 times
greater, while a change in Si:Sn ratio from 1.25 to 4
does not change the pulymerization time of the same polymers,
The polymerization time of polytinphenylsiloxanes is
cons iderably lower than that of polytinethylsiioxanes
having the same Si:Sn ratio in the polymers. The polymeri-
zation time for polytinphenylsiloxanes increases sharply
for polymers with an Si:1Sn ratio of 13.7 or more, While
polytinphenylsiloxanes with an Si:Sn ratio of 8.5. are
polymerized within 35 seconds, those with an Si:Sn ratio
equal to 17.4 are polymerized only in 10 minutes, The
thermomechanical properties of polytinethylsiloxanes and
polytinphenylsiloxanes depend on the tin content in the
polymers. Thus, polytinphenylsiloxane with an Si:Sn ratio
of 4 did not demonstrate flow up to 400°, but when it was
plastified 627 with pentachlordiphenyl (20%) it demonstrated
flow at 80-90° (figure 1, a). Polytinpheylsiloxanes with
an Si:Sn ratio of 14 demonstrated flow at 130-140°, The
thermomechanical properties of polytinphenilliloxanen with
various tin content show that an increase in tin content
leads to an increase in hardness of polymer molecules,

The flow temperature of polytinethylsiloxanes with
an Si:Sn ratio of 4 is about 800 (figure 1, b) while
that of the same polymer with an Si:Sn ratio of 7.75 is 30°,
Por polytinethylsiloxanes with an Si:Sn ratio of 1.25 no
flow is detected up to 4009, The thermomechanical proper-
ties of polytinethylsiloxanes and polytinphenyisiloxanes

10



with an $1:5n ratio of 4 vary: the polytinphenylsiloxanes
did not flow up to 4009, while the polytinethylsiloxanes
melted at 809, Polytinethylsiloxanes with an Si:Sn ratio
of 15.5 melt at 30°, and polytinphenylsiloxanes with an
Si:Sn ratin of 14 melt at 135°, These data show that

the molecular structure of polytinphenylsiloxanes is
harder as compared to that of polytinethylsiloxanes,

Experimental Section

The solubility of the polymers was determined by
a method described earlier (2). '

The polymerization time (3) of polytinethylsiloxanes
and polytinphenylsiloxanes was determined on a polymeriza-
tion plate at 160°,

Investigation of thermomechanical properties (4)
of the polymers was conducted iIn accordance witn the method
indicated, with a specific load of 1 kilogram per centi-
meter square and a rate of temperature elevation of 70°
per hour. As samples we used tablets made up of fragmented
rolymers compressed at room temperature,

Plastification of polytinphenylsiloxanes with penta-
chlordiphenyl was pcrformed according to an earlier des-
criprion (5),

CONCLUSIONS

The solubility, thermomechanical properties and
polymerization time of polytinmethylsiloxanes, polytine
ethylsiloxanes and polytinphenylsiloxanes, obtained by
the double decomposition reaction, were investigated,

From the Institute of Elementoe
Organic Compounds, AN SSSR
(Academy of Sciences, USSR) and
the All-Union Electrotechnical
Institute imeni V, I, Lenin,
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Figure 1. Thermomechanical curves,
Legend: a) Polytinphenylsiloxane, Si:Sn ratio =
1 --45 2 -- 145 3 ~- 4, plastified
with 20% pentachlordiphenyl;
b) Polytinethylsiloxane, Si:Sn ratio =

1 - 15.5; 2 - 7.75; 3 - - 3.98;
4 -~ 1,25

¢) Compression deformation, %
d) Temperature, CO
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o TlectroaonoMersariair catm L HOmodaon0n S HIOKCARE. | 110/ HONONODRAIICNITOKOA HA
" cogepmanme, % 1 coepmadne, % - conepmanxe, %
81/8n 81/Sn 81/8n
8t sn 8 | #&n st 8n
23,23 24,98 3,93 12,38 42,0 1,25 10,88 30,28 1,17
27,02 18,48 8,20 21,22 22,64 3,88 17,14 18,08 4,0
29,45 15,41 8,10 24,47 13,42 7,75 20,23 10,11 8,5
30,15 13,98 10,7 27,38 7,48 15,5 20,43 6,34 | 13,7
33,54 8,38 17,0 29,27 8,38 19,5 20,92 5,13 [ 17,4
Table 1, Silicone and tin content in polytinorganosiloxanes
Legend: a) Polytinmethylsiloxanes
b) Polytinethylsiloxanes
¢) Polytinphenylsiloxanes
d) Content, %
~ Noanosnosnsraace- Maanonoso@ensn- )
~ y JIOHCANM C OTHOMWG- cHaNNcanm ¢ OTHO-
. Pacrsopwreas 2 uuem SU/Sn mexuen 8l/3n L};
| 1,20 | 8908 | 198 | 1,47 | 40 | 174
! Bemsoa -+t + -1 +1]+
. XnopGemaon - + + -_— -+ +
T Ageron + + + + + +
5 dfmp - <+ + - + +
~ .= [erponekank apn — + <+ -— —_ -
¢ _YeTspexxIOpPRCTHE YT6POR -_ + + -_— + +

Table 2. Solubility of polytinethylsiloxanes and
polytinphenylsilioxanes at 200

a)
b)
c)
d)

Legend:

MY FADS
Nt N o N N

+

Note:

Solvent

$i:Sn ratioc of polytinethylsiloxanes
Si:Sn ratic of polytinphenylsiloxanes

Benzol

Chlorobenzol

Acetone

Ether

Petroleum ether
Carbon tetrachloride

soluble
insoluble
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Table 3, Solubility of polytinethylsiloxanes at 20°, %

Legend:

a) Heating conditions for polytinethyl-
siloxane with an Si:Sn ratio = 4

b) Sclvents o

¢} Temperature, C

d) Duration, hours

e) Acetone

f) Benzol

g) CCi,

R

Pacrsopurenit
('6) YCaOMMN HITPEBATUA NOIU- (:Q‘ , i R ——
~ 0CBODORILICHIIN A HOB @ Semson ‘@anmu yeApOR @.
- [ H HOST LIRS 4
(_3__‘)"""‘“?(‘;"7”' i ggﬁ?gg: ) @; omomenne St: Sn » :). ra
e TG wace A I 17 4 l 17 4 17
] K
, 100 100 | 100 44 100
% ‘ “z) 9; 100 4 | 100 0 100
0 | 4 0 100 5 | 100 0 100
200 10 0 100 0 | 100 0 45
%00 t (.25 3,5 100 25 100 1,5 a2
40 | 0,25 l {0 8 0 12,5 0 3
Table 4, Solubility of polytinphenylsiloxanes at 20°, %
Iegend: a) Heating conditions for polytinphenylsiloxanes
b) Sclvents
c) Benzol
d) Acetone
e) Carbon tetrnch&oride
£) Temperature, C
g) Duration, hours
h) Si:Sn ratio of the polymers
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1,25 - 1.4 1,17 —_— 0,17

3,08 — i,5 4,0 -— 0,27

7,75 8,33 34,0 8,5 0,42 0,58

. 13,7 - 1,0 4,33

15,50 72,25 i 461,25 17,4 3,0 ‘o:o

...4-“

Table 5, .Polymerization time for polytinethylsiloxanes
and polytinphenylsiloxanes at 160° C,

Legend: a) Si:Sn ratio of polytinethylsiloxanes
b) Polymerization time to atage, in minutes.
¢) Si:Sn ratio of polytinphenylsiloxanes
d) Polymerization time to stage, in minutes

10,657
CSO: 2415-5 ~ENDe
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