
SOLUTION PROPERTIES OF POLY(DIMETHYLSILOXANES) IN TOLUENE

IMaimmlah Sokro and 2Arba 'at Hassan
IPusat Pengajian Sains Kirnia dan Teknologi Makanan, Fakulti Sains dan Teknologi

Umversiti. Kebangsaan Malaysia, 43600 Bangi, Selangor
mysukro@pkrisc.cc.ukm. my

2Science and Mathematics, Faculty of Education,
Universiti Teknologi Malaysia, 81310 Skudai, Johor

arbaat@yahoo.com

Abstract: A commercial sanlple ofliquid poly(dimethylsiloxanes) [PDMS] was fractionated, yielding
five fractions of Mn ranging from 480 to 1130 g/mol and of Mw ranging from 500 to 1175 glmol. The
fractions were dissolved in toluene and characterized by vapour pressure osmometry, viscometry,
differential refractometer and light scattering. Light scattering and vapour pressure measurements
reveal that the fractions are monodisperse. The viscosity measurements along with vaJ;our pressure
osmometer and light scattering give the Mark-Houwink constants in toluene at 25°C as v = 1.01 and
K' = 1.35 X 10,3. Others parameters, e.g. second virial coefficient, radius of gyration, unperturbed
dimension, density, refractive index, coefficient of isothermal compressibility, light scattering
depolarization ratio and Rayleigh ratio have also been evaluated at different temperatures.

Keywords: Poly(dimethylsilohexal1es) solution, Intrinsic viscosity, Mark-Houwink constants, Second
virial coefficient

rNTRODUCTION

 

Light Scattering teclmiques are among the methods available for investi gating polymer characterization
[1,2,5]. It was used to investigated the characterization of poly(dimethylsiloxal1es),PDMS solutions.
With the aim of investigating the compatibility of poly(dimethyl siloxanes) and oLler polymer,
poly(dimethylsiloxanes) solution in toluene were used as model systems for characterization studies
[8].

EXPERIMENTAL

Materials

Poly(dimethylsiloxanes), PDMS was a Dow Corning fluid DC200/5 of nominal bulk viscosity 5
centistokes, which possesses trimethylsilyl end-group, viz:

Separation into five fractions (A,B,C,D,and E) was effected by vacuum distilllation (1-1.5 mm Hg), the
distillate within discrete temperature intervals being collected at -1 crn3 min'l.

Toluene was dried with anhydrous MgS04 and distilled at atJTIospheric pressure. The boiling point,
refractive index (25°C, A." = 436 nm) and density (25°C) were 110 0c. 1.5152 and 0.8623 g cm,3,
respectively.

Refractive index, Pi

Refractive indices of all samples were measured with a Pulfrich refractometer at wavelength in vacuo,
A.o= 436 mn and temperatures of 25°C, 35 °C and 50°C were used. For a particular composition,
linearity between refractive index and tempef<lture allowed interpolation to additional temperature of
70°C.
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Where AQ is the wavelength in vacuo, k is Boltzmalm constant, S is the optical dielectric constant (= fl2)
and ~ is the coefficient of isothermal compressibility. With regard to the factor p(8s/8pj T in equation
(5), We have used the following Eykman expression [7].

p(8s/8p)r = {2fi(fl.2 -l)(f'i - D.8)}/{fi2 + DAft + I}

For a pure liquid Rt == Riso and combination of equations (5) and (6) yield ~.

RESULTS AND DISCUSSIONS

Coefficient ofIsothermal Compressibility, fJ

(f.)

The values of coefficient of isothermal compressibility,0of the solutions were obtained from the values
for the pure PDMS and toluene [6, 7] using equation (7), in which X and V denote mol fraction and
molar volume respectively;

(7)

Weight Aerage Molecular Weights, M ..

The values ofM w in Table I and 2 were obtained from equation (8) in which M .. is denoted by M 2 :

(8)

Here A2 and A3 are the second and third virial coefficients. The factor K is a constant th.lt varies with
concentration. Its values were calculated from;

(9)

Here NA is the Avogadro number and fl. is the refractive index of the solutions. The concentration
fluctuation Rayleigh ratio R: was obtained from

Rc = R lSo - Rt (1 + 4Y) (10)

 
Riso for a solution was calculated from equations (4). The density fluctuation Rayleigh ratio Rt was
obtained by calculation via equations (5), (6), and (7).Use of the Eykmann equation (Equation (6»
enabled Y to be calculated

(ll)

The second and third viTial coefficients are inten-elated by;

(1 L.)

Binomial expansion of Equation (8) gives;

and tmncation at squared and higher powers of c reduces Equation (13) to Equation (14). Empirically,
such square root plots are considered to be sensibly linear up to higher concentrations thall Equation (8)
and hence may permit a better means of estimating M 2 and A2 . A plot of the left-hand sid:: of Equation
(13) versus c should be linear, with intercept = (11M2 )'/' and (slope x intercept) = A2 .

(14)

We have exanlined this possibility with regard to solutions of five PDMS samples, each at three
different temperatures. Figure 1, curves A and B, display a similar behaviour over the whole

22







Maimunah Sokro and Arba 'at Hassan

Refractie Index increment, di'i/dc]

We have varified that dflld~ at C2 = 0, obtained by differentiation of the polynomial in C2, agrees well
with the value obtained by using experimental values of ft at different concenl rations and taking the
value of ~i'il~ =0 in the corresponding linear plot. Values of dflldc2 versus (liMn) thus yield at each T
the refractive index increments in the limit of C2 = 0 and (liMn) = O. The temperature coefficient of
these is found to be 5.26 x 10-5 cm3g-1det1 as compared to the liturature value of 9.5 x 10-5 cm3 g-Ideg-l
found for high molecular weight polymer.

intrinsic ViscositylMolecular Weight Relationship

In view of the near monodispersity of the samples, the Mark-Houwink constant 011 the basis ofM n are
practically the same as those already presented in equation (15) which related to My,. The data of Barry
(1946) also give an exponent v = 1.0 within the molecular weight region of 458 to 840, but a falls to
0.66 at high molecular weight. The reported value of v = 0.50 under the same conditions for low
molecular weight POMS constitute an exceptional finding for this polymer

We have reported previously [31 that v = 0.50 for oligomeric nylon-6, a higher value of a holding for
medium to high molecular weight polymer. In other systems a normal (0.7 - 0.8) value of v extends
down even to low molecular weights. Hence the contention that oligomers in good solvents behave as
if they were under e - condition (i.e. v = 0.50) does not seem to be of universal applicability. In
particular, the present oligomeric POMS is unusual in that in the low molecular weight region v
increases to a high value (1.01) rather than exhibiting a change to low value (0.50). This high value of
v lends support to the view that oligo-PDMS is helical. Although this view is based on light scattering
plots indicative of association, our present light scattering data actually give no indication of
association. A rod like form for oligo-POMS is an unverified assumption, which has been adopted in
Corresponding States Theory calculations.

Second Virial CoeffiCient, .4]

The dependence of A2 on M w for PDMS solutions in toluene at 25 °C is shown in Figure 4. The four
literature values included do not exhibit alone any regular dependence among them, but one of the
values relating to a sample of M w= 3.53 x 105 has an A2value which agrees well with that interpolated
from the present data for oligomers. The present data al three different temperatures may be
represented as:

,

(16)

The value ofy are found to be - 0.25, - 0.22, and - 0.20 at 25 °C, 50 °C, and 70 cC respectively and are
unchanged, when the dependence is expressed in terms of M". As seen in Table 1, A2 increases with T
at any fixed molecular weight. The system are thus above the upper critical solution temperature, but
are not yet approaching the lower critical solution temperature, since A2 would decrease with T if the
latter were the situation.
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