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1. Introduction

In the process of chlorination rubber
undergoes certain changes which result in
some marked differences in physical and
chemical properties between therawrubber
and the chlorinated product [Tinsley (1)].
Both substances form colloidal solutions in
organic solvents, and one can expect to

(Eingegangen am 20, Juli 1955)

find differences in properties such as for
example, in the size, shape and molecular
weight of the colloidal particles. Compara-
tively little work has, however, been done
on this aspeet of the problem. Investi-
gations on the scattering of light by chlor-
inated rubber in solutions have therefore
been made with the object of getting some

information concerning the size and shape
of chlorinated rubber molecules.

Table T

Sample Colour 9, Chlorine Viscosity of  Density
209, solutions
A . in centipoise
2. Experimental Delails e
; T A White 69 2.3 1.58

Prepontion s santioher _ B White 66 6.2 1.485

Four samples of chlorinated rubber designated as A, C Brown 65 14.3 1.639
B, C, and D were used for the present investigation. The D  Brown 63.6 o =
samples 4, B and ¢ were prepared by Sivarama-
krishnan, Iyer and Rao (2) whilst sample D was an Table II

LC.I. Product called Alloprene, Solutions of the
respective samples were made up in dust-free carbon
tetrachloride and were filtered through ultrafine sintered

Sample 9,°% 0,°% 01% ou% Corrected M. Wt.

glass filters to remove traces of dust and other suspended 1or solvent
impurities. The actual concentration of each solution A 45 9223 100 24 20.300
was determined by evaporating in vacuo measured B 31 'l‘g 100 ‘i.i'ﬁ 89,000
quantities of the solution and weighing the residues. : : : ]
Table ITI
Depolarisation measurements: ‘ Sample  Concentration YT T 0%
Using Krishnan’s techniques (3) and with sunlight ¢ in gm/100 ccs.
as the source of incident radiation, the depolarisation
factors gy, oy op of the light scattered by the sols in 1.19 34 .52 18
a horizontal transverse direction were meas visually 0.794 3.0 .52 21
by the Cornu method. Necessary precautions were 0.397 255 .52 26
taken to eliminate all stray light coming from the C 0.15 2.4 .52 31
rectangular glass cell containing the scattering medium. 0.066 2.1 .52 35
Errors due to convergence were avoided by using a c—0 — .- 40
nearly parallel beam of light for incidence, Measure- 1.664 3.0 62 39
ments were made in the case of 4 and B witha blue 111 >4 ‘62 40
filter and for C and D with a green filter, both filters 0.555 19 ‘62 49
transmitting a fairly narrow band of wavelengths. D 0.208 16 62 63
Measurements were repeated for different concentrations 0'09., 1’2 '65 7
of the solutions. 65D s i 78
Table IV
Sample Parlon Parlon cCe cC4 CC 2 Laboratory
20 cps 72 eps Pechiney Pechiney Pechiney Product

Molecular

weight 110,000 125,000 210,000 180,000 93,000 320,000
9%, Chlorine 62 62 61 60.5 62 60
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Intensity measurements and the determination of molecular
weight :

Relative intensities of scattering in the transverse
horizontal direction by sclutions of 4 and B were
measured using the optical arrangementsand photo-
multiplier equipment which have already been de-
scribed in detail elsewhere [Sivarajan (4)]and employ-
ing benzene as the standard scattering substance. The
A 4358 radiation of mercury was used as the incident
radiation. Since g, was 1009, for sclutions of 4 and B
and there was no dissymetry of scattering, molecular
weights were determined by measuring the reduced
intensity of scattering in the horizontal transverse
direction, i.e. Ry, as a function of concentration and
applyving the well-known Debye equation (5)

Ke 1
o= gtiBe )|

where K the refraction constant is given by
K = 2a%n,* (n — n,/c)*/N 2%,

¢ being the concentration in grams per ce, n and n, the
refractive index of solution and solvent respectively,
A the wavelength and N the Avogadro number.
M represents the molecular weight of the solute and B
is analogous to the Van't Hoff i factor in the corres-
ponding equation for osmotic pressure. The value of
n — nyfc was determined accurately using a Pulfrich
refractometer. From the linear plots of K¢/Ry as a
funetion of ¢, the intercept 1/3/ was obtained and
hence M was evaluated. The slope of the straight line
plot gave the quantity B.

3. Results and Discussion

The depolarisation data for sols 4 and B
as given in Table ITrepresent the average
values over a range of concentration 19 —
.019%, since o does not show any change
with concentration. Since o, = 1009} and
0, has a small though finite value in both
cases, it ean be concluded that the particles
are presentin the form of slightly anisotropic
micelles with their longest dimension not
exceeding 1/20. A value for the depolari-
sation factor due to the solute molecules
can be obtained from intensity data using
equations as given by Doty and Kauf-
man (6); Guinand and Tonnelat (7).
This is necessary in cases where the solution
scattering is not very large compared to
solvent scattering, since then the solvent
makes a significant contribution to the
depolarisation value for the solution. The ¢
values now obtained can be compared with
values for small ellipsoidal particles as
derived from Gans’ theory (8). [see also

Gehman and Field (9)]. For the two

extreme cases of a rod and a flat disk the

values for o, are given by the following
formulae.

Rods
I L v
Qe = A Eme 21
Flat disks
2 (1 — m?)?
=T T 6mt 2
where

_ refractive index of solute _ n,
"~ refractive index of solvent  n,°

From the refractive index increments
(n — no/c) measured for sols 4 and B, n,
can be calculated from Heller’s refrac-
tive index equation (10). The values of n,
thus obtained for 4 and B come out as 1.598
and 1.603 for A 4358. For the D line values
for chlorinated rubber ranging from 1.55 —
1.60 have been reported by other workers
[(Baxter and Moore (11); Tinsley (1)].
0, can now be caleulated and the values
for Rods are. 108 (4) and .1159%, (B). For
discs the values are .36% (4) and .3869,
(B). Comparison with the corrected p,
values for 4 and B (Table II) thus reveals
that the partieles are present in the form of
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small ellipsoids of revolution. Since the
calculation of the depolarisation factor due
to the solute involves differences between
two comparable small quantities the values
calculated from one measurement give only
the orders of magnitude and are not exact.
Hence a more specific comparison as to
whether the particles are prolate or oblate
spheroids is not possible at present. The
molecular weights of 4 and B in solution
are seen to be quite different, 4 having a
much smaller molecular weight than B.
Calculations of approximate molecular
weights A/ from some reported viscosity
data for solutions of chlorinated rubber in
carbon tetrachloride and toluene [(Davies
and Blake (12); Baxter and Moore (11),
Tinsley (1)] give values of about 60,000 for
M. From the detailed viscosity and osmotic
pressure data of Rioun and Pibarot (13)
(see Table IV) it can be seen that the mole-
cular weights of their samples of chlorina-
ted rubber range from 93,000 —320,000.
The molecular weights of the present sampl-
es investigated by the author range from
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about 20,000 —100,000 whereas the mole-
cular weight of the original rubber from
which 4, B, € and D were obtained ranges
from 230,000 —420,000. Chlorination has
thus resulted in a degradation of the mole-
cular chain in rubber,

Coming next to the case of sols €' and D,
it becomes evident from a perusal of the de-
polarisation data in Table IIT that the
micelles in these cases are > 1/20 A in
size since o, has finite values < 1009,.
These therefore differ from 4 and B. The
changes in o that occur with concentration
are probably due to someinterference effects
arising from the effect of finite size and
concentration as such results have often
been reported in the case of high polymer
compounds in solution [Oster (14)]. It is
therefore necessary to extrapolate the
results to infinite dilution, ¢ — 0, in such
cases. The small finite o, values for both
C and D indicate the presence of anisotropic
micelles in solution. An approximate cal-
culation of the dimension of the micelles in
sols C and D can be made by assuming the

S. R. Sivarajan

validity of the following equation for rods
given by Vrklajan and Katalinie (15).

it i
b (Qn ) k2

where [ is the length of the rod and k
=2 m/A’, A’ being the wavelength of light
in the medium. Using the extrapolated
values of o, (Table III) and a mean value
of 5400 A for A the lengths of the micelles
in ¢ and D are found to be 6570 A and
2850 A respectively. Assuming further that
the dimensions of the single molecule are
the same as for normal rubber, the molecular
weight comes out roughly as 97,000 for
C and 42,000 for D. It might be mentioned
that though the assumption of a rod-like
shape is apparently inconsistent with the
small values for g, and o, in the case of
C and D, it is not really new. For, it is
known that several dielectric particles in
solution such as the proteins with elongated
rod-shaped molecules exhibit much lower
0, values than the corpuscular proteins
[Doty and Edsall (16)).
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Finally it can be seen generally, from the
data in TablesI —IV that as the percentage
of chlorine increases, the molecular weight
decreases and that even a 19, difference in
the chlorine content causes large changes
in the molecular weight. Also from the
depolarisation data it is found in general
that the anisotropy decreases with in-
creasing molecular weight.
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Summary

Measurements have been made of the depolarisation
factors g, 04 04, and the intensity of scattering in the
horizontal transverse direction, in the case of solutions
of four different samples of chlorinated rubber in carbon
tetrachloride. The size, shape and molecular weight of
the micelles have been deduced by the application of the
light scattering theories of Gans, Vrklajan and
Katalinic and Debye. The extent o which the
degradation of the rubber molecule occurs on chlorina-
tion has also been assessed.

Zusammenfassung

Fiir Losungen von vier verschiedenen Proben von
chloriertem Kautschuk in Tetrochlorkohlenstoff wur-
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den Messungen der Depolarisation und der Licht-
streuung durchgefithrt, GroBe, Gestalt und Mole-
kulargewicht wurden unter Verwendung der Theorien
der Lichtstreuung von Gans, Vrklajan, Katalinic
und Debye abgeleitet. Die Stérke des Abbaues,
dem di€ Kautschukmolekiile bei der Chlorierung
unterworfen sind, wurde abgeschatzt.

References

1) Tinsley, J. 8., in: Alexanders ,,Colloid Che-
mistry** Vol. VI, 1118 —1125 (New York 1946).

2) Sivaramakrishnan, N. H,, G. 8. R. Iyer and
M. R. A. Rao, J. Sci. Ind. Res. 11B, 327 (1952).

3) Krishnan, R. S, Proc. Ind. Acad. Sci. 5, 551
(1937).

4) Sivarajan, S. R., Proc. Ind. Acad. Sci. 87, 418
(1953).

5) Debye, P., J. App. Phys. 15, 338 (1944).

6) Doty, P. and H. S. Kaufman, J. Phys. Chem.
19, 583 (1945).

7) Guinand, 8. and J. Tonnelat, J. Chim. Phys
et de Phys Chim. Biol. 49, 481 (1952).

§) Gans, R., Ann. d. Phys. 62, 330 (1920).

9) Gehman, S. D. and J. E. Field, Ind. Eng.
Chem. 29, 793 (1937).

10) Heller, W., Phys. Rev. 38, 5 (1945).

11) Baxter, J. P. and J. G. Moore, J. Soc. Chem.
Ind T. 57, 327 (1938).

12) Davies, C. C. and J. T. Blake, Chemistry and
Technology of Rubber (New York 1937).

13) Riou, M. and R.Pibarot, Rev. gen. caoutch.
27, 596 (1950).

14) Oster, G., Chemical Reviews, 43, 319 (1948).

15) Vrklajan, V., S, and M.Katalinie, Physik. Z.
37, 482 (1936).

16) Doty, P. and J.T. Edsall, Advances in Protein
Chemistry 6, page 47 (New York 1951).





