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Synthesis and Properties of
Poly(chelato)dititaniumoxy-
dimethylsiloxanes
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1. Javakhishvili Tbilisi State University, Chavchavadze Ave. 3, Thilisi
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Synthesis of polytetrakis(chelato)dititaniumoxydimethylsiloxanes by virtue of hetero-
functional polycondensation reaction between a,w-dihydroxyoligodimethylsiloxane and
tetrakis(chelato)dibutoxydititaniumoxane and its properties are reviewed.

Keywords: Heterofunctional polycondensation; polytetrakis (chelato)dititaniumoxydimethyl-
siloxane; poly(chelato) dititaninmoxydimethylsiloxane

INTRODUCTION

To synthesize polytetrakis(chelato)dititaniumoxydimethylsiloxanes of
linear structure we utilized heterofunctional polycondensation (HFC)
of o, w-dihydroxyoligodimethylsiloxanes with tetrakis(chelato)dibutoxy-
dititaniumoxanes.

HFC of o, w-dihydroxyoligodimethylsiloxanes and metal alcoxy- de-
rivatives were initially elaborated by K. Andrianov, A. Zhdanov [1],
and subsequently by M. Wick [2]. Polymers obtained by virtue of this
method are elastic substances soluble in organic solvents and charac-
terized by significant reactivity.

Above mentioned method is of great interest since silicoorganic
dioles (n > 6) do not form cycles during polycondensation [1,2], and

‘thus products of the reaction are only linear polymers.
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In HFC reaction we utilized tetrakis(chelato)dibutoxydititanium-
oxanes, especially tetrakis (acetylacetonate) dibutoxydititaniumoxane

CH CH
) p«g ' ool
C\HSOﬂ s ~ CH ‘O—-'I \ CH —DCHH\;

15 J
\O:C\ ~0= -
4
CHs72 L Cu./2

and tetrakis(dimethylacetonylcarbinolate)dibutoxydititaniumoxane

. y(l),c\c/cn, H,(():\C/QHA
CMH,O'T.{O_C>CH’ -0-T >CHﬂ ~0CuHs
TNCHy ~0=0cn, /

as partners of x,w-dihydroxyoligodimethylsiloxanes.

EXPERIMENTAL PART

Initial a,w-dihydroxyoligodimethylsiloxanes were synthesized by
telomerization reaction of octamethylcyclotetrasiloxane and dimethyl-
dichlorsilane [3] followed by treatment with sodium hydrocarbonate.
Tetrakis(chelato)dibutoxydititaniumoxanes were obtained by reesteri-
fication of hexabutoxydititaniumoxane with acetylacetone and diace-
tone alcohol in molar ratio 1:4 [4].

Molecular weight of oligomers and polymers were determined by
osmometric and viscosimetric methods [5,6].

The IR spectra of each sample were taken on IR-20 spectro-
photometer.

NMR '3C spectra were registered on pulsed Fourier spectrometer
NMR EC-567 at operating frequency of 25 MHz, in solution of
deuterobenzol. Its resonance lines 1*C were utilized as standards.

The thermomechanical curves were taken on a custom-made instal-
lation [7]. The test conditions were: ¥ =5 deg/min, ¢ = 0.1 kg/cm?2.

Chilorine content was determined by titration method [8]. Hydroxy-
groups’ content was defined by Chugaev-Tserevitinov method {8].



11: 31 19 January 2011

Downl oaded At:

POLY-DITITANIUMOXYDIMETHYLSILOXANES 61

Heterofunctional Polycondensation of
a,0-dihydroxyoligodimethylsiloxanes with
tetrakis(chelato) dibutoxydititaniumoxanes

1.

10 g of a,w-dihydroxyoligodimethylksiloxane (n = 9) were placed in
four-necked flask equipped with mixer, reflux condensor, ther-
mometer and nitrogen inlet tube to which a solution of 9.56 g of
tetrakis(acetylacetonate) dibutoxydititaniumoxane in 100 ml of an-
hydrous toluene was added. The reaction mixture was stirred and
heated for 1 h after which the solvent was driven off and a sample
was taken to measure initial viscosity. The reaction mixture was
heated till 180°C and at P =1 — 2 mm Hg under a weak nitrogen
flow. In certain time intervals samples have been taken from the
reaction mixture to determine viscosity. 18 g (98% of theoretical)
of polytetrakis(acetylacetonate)dititaniumoxydimethylsiloxane, a
viscous product of orange color were obtained.

Similarly, 13.3 g (92% of theoret.) of viscous polymer of orange
color was obtained from 10g of a,w-dihydroxyoligodimethyl-
siloxane (n=17) and 5.1 g of tetrakis(acetylacetonate)dibutoxy-
dititaniumoxane.

33.4 ¢ (98% of theoret.) of elastic light-orange polymer was ob-
tained from 30 g of a,m-dihydroxyoligodimethylsiloxane (n = 61)
and 4.33 g of tetrakis(acetylacetonate) dibutoxydititaniumoxane.
31 g (98% of theoret.) of elastic polymer of yellow color was ob-
tained from 30 g of a,cw-dihydroxyoligodimethylsiloxane (n = 101)
and 2.6 g of tetrakis{acetylacetonate)dibutoxy-dititaniumoxane.
103 g (99% of theoret.) of elastic light-orange polymer was obtained
from 100 g of aw-dihydroxyoligodimethylsiloxane (n=201) and
44 ¢ of tetrakis(acetylacetonate) dibutoxydititaniumoxane.

17.7 g (91% of theoret.) of viscous polymer of orange color was
obtained from 10 g of o,w-dihydroxyoligodimethylsiloxane (n =9)
and 10.5g of tetrakis(dimethylacetonylcarbinolate)dibutoxy-
dititaniumoxane.

14.3 g (95% of theoret.) of viscous polymer of orange color was
obtained from 10g of «w-dihydroxyoligodimethylsiloxane
(n=17) and 56g of tetrakis(dimethylacetonylcarbinolate)-
dibutoxydititaniumoxane.

33.4 g (97% of theoret.) of elastic polymer of light-yellow color
was obtained from 30g of a,w-dihydroxyoligodimethylsiloxane
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(n=61) and 6g of tetrakis(dimethylacetonylcarbinolate)-
dibutoxydititaniumoxane.

9. 334 ¢ (97% of theoret.) of elastic potymer of light-yellow color
was obtained from 30g of xw-dihydroxyoligodimethylsiloxane
(n=101) and 292¢ of tetrakis(dimethylacetonylcarbinolate)-
dibutoxydititaniumoxane.

10. 103.6 g (99% of theoret.) of elastic polymer of light-yellow color
was obtained from 100 g of xw-dihydroxyoligodimethylsiloxane
(n=201) and 4.82¢g of tetrakis(dimethylacetonylcarbinolate)-
dibutoxydititaniumoxane.

RESULTS AND DISCUSSION

HFC of xw-dihydroxyoligodimethylsiloxanes and tetrakis(chelato)-
dibutoxydititaniumoxane was conducted in the atmosphere of nitro-
gen with a molar ratio of initial components 1:1 at the temperature of
180°C. P = 1 —2 mm Hg with simultaneous elimination of butyl alco-
hol. Reactions were conducted to achieve constant viscosity.

In above mentioned conditions reaction proceeds according to
scheme:

Al 2]
m HO=[S(CH3=0-) H+ t0 Cutls0=T,- 0-T- 0 CyHy ~

-
—~ U0 {(Si(eHs),--) F-0-T-] OCHs+(2m-1)consOH

where at

o
c—(,\C 5\
N= >C\'lz /
~0=0] /
Loty

n=9(I}, 13(1), 61m), 10L(W), 201(y)

and at

}m\ /CHS
0—0C
ﬁ:\ \CH
~ - )
~0=¢
\CH3

n=900), 4700, 64 (Vi), 10401x), 204 (x)
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Elastic polymers are synthesized using these reactions. Their colors
vary from light-yellow to orange. Table I shows their characteristics.
The composition of synthesized polymers is confirmed by IR
spectra. Presence of Si—O—Si bonds is accounted for by oscillation
in the range 1030-1100cm~!. Absorption bands in the range
810 cm ! confirm the presence of dimethylsiloxane fragments.
Absorption bands characteristic to Si—O—Ti and Ti—O-—Ti
bands are superposed on each other in the range 940-970 cm ™~ L.
Presence of acetylacetonate chelate groups in polytetrakis(acetyl-
acetonate)dititaniumoxydimethylsiloxanes is confirmed by oscillations
in the range 1600 cm ™' characteristic to Ti and C=O coordinate
bonds. Absorption band in the range 1545 cm™! confirms the pre-
sence of C=C bond, and oscillations in the range 1380 cm ™! belong
to symmetric deformation bonds of CH,—groups.
Dimethylacetonylcarbinolate groups in polytetrakis(dimethyl-
acetonylcarbinolate)dititaniumdimethylsiloxanes are characterised by
1620 cm ™! oscillations in the range accounted for by C—O bonds,

TABLE1 Characterization of poly tetrakis(chelato) dititaniumoxydimethylsiloxanes

Fraction Elementary composition® [nl.dllg M107% Yield?,

No. C H Si Ti

I 3871 681 2007 . 860  0.108 19 98
39.12 6.93 19.97 8.13

11 3653 726 2623 562 0.119 34 92
36.11 7.40 25.96 5.38

111 33.84 1.82 33.84 193 0.360 98 98
33.62 7.56 33.28 1.69

v - - - - 0.390 130 96

\4 - - - - 0.405 140 99

A% | 40.67 71.80 18.98 3.14 0.111 20 91
40.12 7.38 18.54 8.18

Vil 3792 790 2528 542 0121 36 95
37.83 7.68 25.13 5.39

VI 3436 804 3341 191 0380 98 97
34.11 7.93 32.96 1.68

IX - — - - 0.401 150 97

X - - - - 0.428 160 99

*In the denominator there are experimental values; in the numerator-calculated values.
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and oscillation in the range 1380 and 1470 cm ™! accounted for by
symmetric deformation oscillations of CH;—and CH,—groupings,
respectively.

Cis-trans-isomerism  of  acetylacetonate groups found in
dititaniumoxane monomers and polymers by IR spectroscopy was not
observed.

When studying NMR spectra of synthesized polymers it turned out
that intense signals corresponding to methyl groups at Si atoms over-
lap the rest part of spectra. However, we think that acetylacetonate
groups are in cis-position.

In order to determine the rate of polytetrakis(chelato)dititanium-
dimethylsiloxanes, synthesis-specific viscosity of polycondensation products
in 4% toluene solution was examined over a period of time (Figs. 1,2).

As figures show, the specific viscosity increases vigorously in first 4
hours and then stops for polymers with a ratio Si:Ti =9:2 and 17:2.

’ISP
0,16 e s | V1]
>~

0,14 S 1l

[ VI
' — |

0,12

0,10 {//

0,08 ]

0,06 % ///

0,04 /

0 2 L 6 3 10 12 T.h

FIGURE 1 Time dependence of specific viscosity of polymer and 4% toluene solution
with the molar ratio Si/Ti =9:2 (I, VI) and 17:2 (11, VII) upon HFC duration.
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FIGURE2 Time dependence of specific viscosity of polymers in 4% toluene solution
with the molar ratio Si/Ti = 61:2 (III, VIIT) and 201:2 (IV, IX) upon HFC duration.

The reaction rate curves of polymers with ratios Si:Ti=61:2 and
201:2 have a monotonic character, the specific viscosity rises gradual-
ly, reaches, its maximum within 20-24 hours of condensation (Fig. 2).

The mechanism of HFC of a,w-dihydroxyoligodimethylsiloxanes
and intramolecular dititaniumoxane compounds can be explained as
follows.

Initially coordination of tetrakis(chelato)dibutoxydititaniumoxane
butoxyl group oxygen atom with a,w-dihydroxyoligodimethylsiloxane
silicon atom takes place. An intermediate formed during the first stage
is then degraded under synthesis conditions with formation of linear
polymer and release of butyl alcohol.

This process proceeds according to the following scheme:

This mechanism is in accordance with those of similar reactions
described earlier [9,10].

In order to compare the obtained polymers with these possessing
one Ti atom in main molecular chain we synthesized polybis(acetyl-
acetonate) titaniumdimethylsiloxanes with dimethylsiloxane number:

=17, 61, 201.
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CH,
! ~ fa)
(\,/Si\ “......._.,.4...(I)_E__O_Ti_.o(‘mH,_,_
CH, bu CuHa v
H,
,C\ /CH, . .
—— S =T =0 =T =00 |
| IV v
HO - oo Cubly
CH,

! ) I
— o i[ii— O—E—O~Te —0C.,Hs +C H,OH
CHy

The reaction was conducted according to method [10] under condi-
tions similar to those of polytetrakis(chelato)dititaniumoxydimethyl-
siloxanes. It proceeds according to scheme:

6

M
m HO {Si(CHs)z‘O‘LH + m<0hH90)2-$" -
—>-H0{(-S-.<cwgo);(;—0—]§ma+(2m-1)Cm90H o,

n=49(x1), GA(x), 20L(xm) A=l - j(,H
~0=0-CH,

Polymers of yellow color are formed during reaction. Their key fea-
tures are shown in Table 1.

TABLE II Characteristics of synthesized polybis(acetylacetonate)titaniumdimethyl-
siloxanes

Copolymer Elementary composition, ”,* Yield. %, [n]. dljg M107°}

No. C H Si Ti

X1 36.14 790 29.86 3ot 96 0.112 32
36.09 8.20 29.68 2.89

X1 34.59 175 35.05 1.00 98 0.260 58

34.76 7.69 36.10
X1 - - -

—
[
58]

99 0.380 138

“In the denominator there are experimental values: in the numerator —calculated values.
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In order to study influence of dititaniumoxanes and their chelate
groups upon polydimethylsiloxane chain we carried out thermo-
mechanical investigations of synthesized polymers.

Experimental data show that polymers containing dititaniumoxane
fragments with acetylacetonate chelate groups at n = 17 are character-
ised by vitrification temperature in the range — 113°C and softening at
about —10°C.

With the increase of distance between dititaniumoxane fragments,
the vitrification temperature decreases to —130°C, and fluidity tem-
perature to —40°C (Fig. 3) in polymers with n = 101.

Thermomechanical curves of polymers with dimethylacetoncar-
binolate chelate-groups at dititaniumoxane rings are shown in
Figure 4. This figure shows the similar dependence. With the in-
crease of dimethylsiloxanes number between dititaniumoxane rings,

£,%
3 2 g0 1
50
-100 -50 0 +20
T %

FIGURE 3 Thermomechanical curves of polytetrakis(acetylacetonate)dititaniumoxy-
dimethylsiloxane with the molar ratio Si/Ti = 17:2 (1), 61:2 (2), 101:2 (3).
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FIGURE 4 Thermomechanical curves of polytetrakis(dimethylacetonylcarbinolate)-
dititaniumoxydimethylsiloxane with the molar ratio Si/Ti = 17:2(1), 61:2 (2), 101:2 (3).

the vitrification temperature decreases from —108°C to — 138°C. Fluid-
ity temperature is diminished from —10°C to — 60°C, respectively.

Such an influence of dititaniumoxane fragments on properties of
polydimethylsiloxane chain can be explained by the fact that they are
voluminous rigid structures. At small distances polydimethylsiloxane
chain acquires increased rigidity. Besides, large sizes of dititanium-
oxane fragments make complex packing of molecules difficult and can
lead to formation of physical grid that leads to a decrease of vitrifica-
tion and fluidity temperatures of observed polymers.

In order to compare polymers with one or two titanium atoms in
polydimethylsiloxane chain, an investigation of polybis (acetylacetonate) ti-
taniumdimethylsiloxane thermomechanical properties was carried out.

As it is seen on thermomechanical curves of these polymers (Fig. ),
the vitrification and softening temperatures rise from —125°C to 95°C
and from —65°C to —40°C, respectively. It is accompanied with
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FIGURE S5 Thermomechanical curves of polybis(acetylacetonate)dititaniumoxydi-
methylsiloxane with the molar ratio Si/Ti=17:2 (1), 61:2 (2), 101:2 (3).

dimethyisiloxane chain elongation approaching corresponding tem-
peratures of pure dimethylsiloxane.

In support ‘of the rationale that the synthesized high-molecular
compounds are copolymers (and not mixture of homopolymers), we
carried out an experiment of fractional precipitation of polytetra-
kis(chelato)dititaniumoxydimethylsiloxane benzene solution. Silicone
and Ti atoms, ratio was 9:2. It turned out that aill fractions have
virtually the same elementary composition (Tab. II1), thus providing
further support to the fact of copolymer formation.

Figure 6 shows an integral curve indicating distribution of polymer
molecular mass. HFC reaction between «,w-dihydroxyoligodimethyl-
siloxane (n=9) and tetrakis(acetylacetonate} dibutoxydititaniumoxane
results in more significant rate of high-molecular fraction formation
compared to that of low-molecular fraction.

The synthesized polymers can be used to impart hydrophobic pro-
perties to textile materials and leather.
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TABLEIIl Polytetrakis(acetylacetonate) dititaniumoxydimethylsiloxane fractionation
results

Fraction Elementary Composition [n.dljg Yield. g Yield 9,

No. C H Si Ti

I 39.06 6.96 20.08 8.27 0.108 3.06 29.60
38.95 6.83 20.06 8.78

I 38.99 6.59 19.38 8.95 0.093 1.54 1491
38.66 6.68 20.05 8.75

1 38.86 6.82 19.97 8.28 0.086 1.24 1242
38.79 6.96 2007 8.65

v 38.72 6.57 20.03 8.38 0.074 0.93 9.01
38.86 6.68 20.10 8.56

\'% 38.65 6.93 20.09 8.35 0.066 2.08 19.62
38.96 6.75 19.78 8.48

A\ 38.78 6.66 20.13 8.75 0.040 1.49 14.44

38.54 6.79 20.11 8.68

Initial copolymers: C 38.71; H 6.81: Si 20. 67: Ti 8.60.

%

100

N

30

60

20

0 0,04 0,06 0,08 0,1 0,12 (]

FIGURE 6 Integral curve of polytetrakis(acetylacetonate)dititaniumoxydimethyl-
siloxane distribution {molar ratio Si/Ti = 9:2) according to molecular masses.

Acknowledgement

The authors are thankful to Dr. M. Mikhailov for fruitful participa-
tion in experiments.



11: 31 19 January 2011

Downl oaded At:

POLY-DITITANIUMOXYDIMETHYLSILOXANES 71

References

[1] Andrianov, K.A. and Zhdanov A.A. (1962). Izv. AN SSSR, Ser. Khim. 4,
615-619.

[2] Wick, W. (1960). Kunststoffe, 5, 433-436.

[3] Andrianov, K. A. and Severni, V. V. (1960). Doklady AN SSSR, 134, 13471349

[4] Mikhailov, M. B. (1987). Kand. Dissert. Thbilisi, TSU, 177.

[5] Sorokin, M. F. and Lyalushenko, K. A. (1971). “Practical studies on chemistry
and technology of filmogens”. M., Izd. Khima.

[6] Korolev, A. Y., Andrianov, K. A., Utesheva, L. S. and Vedenskaya, T. E. (1953).
Doklady AN SSSR, 89, 65-68.

[7] Tsetlin, B. L., Gavrilov, V.1, Velikovskaya, N. A. and Kochkin, V. V. {1956).
Zavodskaya Lab., 22, 352—355.

[8] Kreshkov, A.P., Borck, V.A. Bondarevskaya, E.A., Mishlyaeva, L. V. and
Syavtsillo, S. V. (1962). “Practical manual on analysis of monomeric and silico-
organic compounds”, M., Goskhimizdat.

[9] Voronkov, M. G., Maletina, E. A. and Romanov, V. K. (1984). “Heterosiloxanes”,
Novosibirsk, Nauka.

[10] Pichkhadze, Sh. B. (1961). Kand. Dissert. M., MITKHT, 183.



