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Viscosity measurements for styrene-acrylonitrile random copolymers (St-AN) have been
carried out at 30°, 40°, 50°, and 60° ± 0·05° in dimethylformamide (DMF) and Y-butyrolactone
(Y-BL). LO~(11) versus lo~ Mw (Mark-Houwink relation) relation is established in both the
solvents at four temperatures. It is found that the exponent a, of M-H equation increases with
increase in temperature, analogous to that of parent homopolymers, indicating that the chains
are in an extended conformation. Limiting viscosity number [11] is found to decrease with in
crease in temperature. The ne~ative temperature coefficient of (11) has been analysed and d In
[11)fdt calculated. The value is negative and found to be almost the same for all the samples
thus indicating that the composition of AN has no effect on these values.

EXPERIMENTAL data of styrene-acrylonitrile(St-AN) random copolymers in different sol
vents were discussed by two-parameter theoryl,2.

From the long-range interactions, the excess inter
action parameter lAB or /),B AB was also evaluated.
In this paper the influence of temperature on limit
ing viscosity number ["YJ] is presented.

Materials and Methods

St-AN copolymers (SAl, 0·274 mf, of AN;
SA2, 0·385 mf of AN: and SA3, 0·475 mf of AN)

were prepared by free radical initiation and
the experimental conditions employed for copoly
merization, fractionation and the determination
of weight average molecular weight by light
scattering method have been presented in an earlier
paper1.

The values of limiting viscosity number ["YJ] were
estimated at 30°, 40°, 50° and 60° ± 0·05° in DMF
(dimethyl formamide) and Y-BL (Y-butyrolactone).
Table 1 gives the values of ["YJ] for all the copolymers
at the respective temperatures.

TABLE 1 - VALUES OF [11] (dlfg) FOR ALL THE COPOLYMERSAT DIFFERENT TEMPERATURES

Fr. No.

Mw X 10-' [11] in DMF [11] in y-BL

30°

40°50°60°30°40°50°60°

POLYMER SAISA 11
5·7681·9601·9301·8981·8701·8751-8201·7551·705

SA 12
3·7881·5451·5501·4931·4801·4781·4521·4221·388

SA 14
2·9631·3331·3101·2811·2481·2351-1901·1501-130

SA 15
204791-140-------

SA 16
2·0911·0210·9900·9820·9400·9430·9250·9050·890

SA 17
1-4350·7530·7350·7230·7130·7130·6980·6750·648

SA 18
0·73050-4600·4480·4370·4250-4300·4150·4000·3965

POLYMERSA2SA 21

. 10·6003·815
SA 22

6·4702·7222·6442·5902·51020495204302-3702-305
SA 23

6·0132·4102·3302·2952·2702·4452·3902·3402·310

SA 24
4·7182·2272·1852·14020682·0952·0001·9551·920

SA 25
3·5221·7971·7591·7131-6621·7121·6701·6401·610

SA 27
2·2481·3001·2731·2431·2081·2281-1701-1201-100

POLYMERSA3SA 32

7·7763·6503·5503·4953·3503·2753-2033·1053·020

SA 34

7-1613·4203·3703·2903·1953-1803·1073·0202·930

SA 35

5·3502·7302·6622·59725402·5352·475204482·382

SA 36

3·7332·1102·0572·0001·9551'9351·870-1·770

SA 37

2-S751·6201·5801·5501'5001·5131·4941'8241·450

SA 38

1·4001-0381·0220'9900·95250,9590,9340'9100·875

*Present address: Central Leather Research Institute, Adyar, Madras 600020.
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Fig. 1 - Mark-Houwink relationship for the polymer SA1

-0.4L.-0.

0 .,02r .£
'"C

.2

r[-0.2 0 ol

1.120 30 40 50 50 20 30 40 50 50
TEMPERATURE,"t T£NP£RATIIR£.'C

Fig. 2 - Temperature variation of ['I)] for the polymer
SA2 in DMF and Y-butyrolactone (Y-BL)

Results and Discussion

M rk-Houwink relation - From the plots of log

['lJJ v . sus log Mw (Fig. t) at the temperatures studied,
Mark Houwink (M-H) relation was established for
St-A copolymers. The values of K' and a are
give in Table 2, along with the values of K' and a
for p lystyrene (PSt).

Th exponent a of the M-H relation increases
almo.t linearly with temperature for 5t-AN copoly
mers in the solvents studied, thus indicating that the
chai .extension is larger, the higher the temperature .

Th chain extension in the case of copolymers is
due 0 two factors: (i) the excluded volume effect

and (i) the repulsive nature of unlike monomer unit
inter ctions (i.e. A -B type of interactions).

Th repulsive (A - B) interactions decrease with
incre se in temperature3, as a result of which the
chai extension may decrease. On the other hand,
there is a chain extension4 with an increase in tem
perat Ire due to excluded volume effect. If both
of t 'ese effects oppose each other the net effect
woul be due to the factors which predominate.

Th values of a for polyacrylonitrile (PAN) and
PSt i DMF and in Y-BL is found to increase with
incre se in temperature5-7, similar to the values of a
in t case of copolymers SAt, SA2 and SA3 in
DMF!and in Y-BL (values of a for PAN varied from
0·73 0 0·77 in Y-BL, 0·745 to 0·76 in DMF. These
value are taken from ref. 5).

It .s therefore, difficult at this stage to predict
whic factor, i.e. either factor (i) or factor (ii) is
respo sible for the extension of the copolymer chain
in so ution.

Te tfterature variation of ['lJJ - The plots of limit
ing iscosity number ['lJJ versus temperature are
linea in the case of SAt, SA2 and SA3 and the
slope are negative in all the cases and in both the
solve ts (Fig. 2).

Th. variation of ['lJJ with temperature in polymer
soluti ns has been studied extensively. The nega
tive emperature coefficient of ['lJJ is eXplained by
the ecrease of A (i.e. the short-range interaction
para. eter) rather than the increase in B (i.e. long
range interaction parameter) with temperature.
It w s pointed outS that the chains are most ex
pand d at the temperature at which ['lJJ is maximum.
The ecrease of ['lJJ, afterwards, is due to the de
creas in the value of A.

In the case of stiff polymers, such as cellulose
deriv tives, the negative temperature coefficient is
main attributed to the rapid decrease of A,

TABLE 2 - VALUES OF K' AND a OF COPOLYMERSAT DIFFERENT TEMPERATURES

Solvent

a at K' X 104 at

30°

40°50°60°30°40°50°60°
DMF

0·740-750,760,771·201'010,840·74
Y-BL

0,730·740-760,771'241·080'830'73
DMF

0'730,740,750,761·621·391-191-02
Y-BL

0,720·730·740·751·751·431-201-07
DMF

0·730·740·7450·751·721-601421·28
Y-BL

0·7250·730-740-751781-591·441'27
St

DMF0,6880,6970·7160,7281'050,940,710·59
y-BL

0·6320·6400·6600·6921'671·491-150,74-l 390
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Fig. 3 - Plots of d In [1j]/dT versus mole % of acrylonitrile

the d In [Yj]/dT versus mole % of AN in the co
polymer.

An evaluation of d In [Yj]/dT from the contribu
tions of short-range and 'long-range interactions
needs independent evaluation of two factors of the
right-hand side of Eq. (2). It is difficult at present
to evaluate these contributions in order to verify
the values of d In [Yj]/dT as it needs add~ti0!1al
experimental data.

References

1. RAMI REDDY, C. & KALPAGAM, V., I. polymer Sci., A2,
14 (1976), 749.

2. RAMI REDDY & KALPAGAM, V., I. polymerSci, 14 (1976),
759.

3. DONDOS, A. & BENOIT, H., Makromol. Chem., 118 (1968),
165.

4. FLORY, P. J., PrinciPles of polymer chemistry (Cornell
University Press, Ithaca), 1953, 622-26.

5. BEEVERS, R. B., Macromolecular reviews, Vol. 3 (Inter
science, New York), 1968, 128.

6. YUKO SHIMURA, KUMBE, I. phys. Chem., 72 (1968),
4104.

7. RAMI REDDY, C. KASHYAP, A. K. & KALPAGAM V.,
Polymer, 18 (1977), 32.

8. KAWAI, T. & UEYAMA, T., I. aPPI. polymer Sci., 8
(1960), 229.

9. FLORY, P. J., SPURR, O. K. (Jr) & CARPENTER, P. K.,
]. polymer Sci., 27 (1958), 231.

10. MOORE, W. R. & BROWN, A. M.,]. coli. Sci., 14 (1959),
348.

11. MOORE, W. R. & EDGE, G. D.,]. polymer Sci., 47 (1960),
467.

12. KURATA, M. & STOCKMAYER, W. H., Forschr. Hoch
Polymer Forsch, 3 (1963), 196.

13. MOORE, W. R. & SAITO, K., Eur. Polymer I., 3 (1967),
65.

TABLE 3 - VALUES OF d In [1j]/dT FOR THE COPOLYMERS

Solvent

dIn [1j]/dT X 103

SAI

SA2SA3PANPSt

DMF

-2'2-2-5-2'6-1'96-1'116
Y-BL

-2,5-2,5-2,6-2,886-1,857

rather than changes in ()(,~(i.e. the viscosity expan
sion factor). But the negative temperature co
efficient in the case of PAN was mainly attributed
as entropic in origin5-I2•

The negative temperature variation of limiting
viscosity number can best be understood if the
relative contribution of short-range and long-range
Interactions to ['I)] is separated. The separation oan
be obtained as follows4:

['I)] = Ko MI/'l. ()(,~ ... (1)
SInce

[<f2>]3/2
Ko = CPo __ o_

M

where <f20> is the unperturbed mean square end
to-end distance. Eq. (1) can be written as

d~J'I)] = ~d in ~f~>. + 3d 1~'1 (2)
dT dT dT ...

Thus the d In ['I)]/dT is controlled by the sum of
the two factors: the first one represents the short
range interaction and the second one the long-range
interactions.

The values of d In ['I)]/dT are calculated for the
fractions of SA1, SA2 and SA3 in DMF and Y-BL
and for PSt in Y-BL. The average values are given
in Table 3.

The values of d In [Yj]/dT in both the solvents are
almost identical except in the case of SA1 where
the values in DMF are slightly higher than those in
Y-BL. The values of d In [Yj]/dT for PAN in Y-BL
is not available, but it is known that the tempera
ture coefficient of [Yj] of PAN in Y-BL is negative5.
d In [Yj]/dT for PSt calculated (Table 3) is also
negative. It is interesting to note that the values
of d In [Yj]/dT of the three copolymers St-AN in
both the solvents are negative and closely ana
logous to those of homo polymers. Fig. 3 gives
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