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Dilute Solution Properties of Poly(Viny1 Chloride) 

NOOR AHMAD,* SABZ ALI,? and N. MOHAMMAD NISAR 

National Centre of Excellence in Physical Chemistry 
University of Peshawar 
Peshawar, Pakistan 

A B S T R A C T  

Light scattering and viscosity studies were made on dilute solu- 
tions of poly(viny1 chloride) (PVC) in three solvents: cyclo- 
hexanone, cyclopentanone, and tetrahydrofuran. Eight samples 
of PVC (Mw = 25,400 to 145,000) were used to determine the in- 
trinsic viscosities, molecular weights, and the polymer-solvent 
interaction parameters over a range of temperatures, The solu- 
tions were found to behave normally and to exhibit no evidence of 
aggregate formation. The molecular weights obtained in all three 
solvents were independent of temperature and agreed wel l  within 
the experimental errors .  The interaction parameters observed 
were independent of concentration and molecular weight, and func- 
tions only of temperature. The intrinsic viscosities were related 
to molecular weight by the Mark-Houwink equation between 20 
and 50°C. The temperature coefficient of the interaction param- 
e te r  obtained by light scattering agrees well with that found by 
viscometry. Cyclohexanone, cyclopentanone, and tetrahydrofuran 
are all good solvents for PVC, and the order  of solvent quality is 
cyclohexanone > cyclopentanone > tetrahydrofuran. 

*To whom correspondence should be addressed. 
?Present address: Department of Chemistry, Adelphi University, 

Garden City, New York 11530. 
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I N T R O D U C T I O N  

In the past ,  several  r e sea rche r s  [l-121 have studied the dilute 
solution behavior of poly(viny1 chloride) (PVC) in various organic 
solvents, using osmotic p re s su re ,  viscosity, and light-scattering 
techniques. These studies give conflicting values, for  any given sol- 
vent and temperature,  of the constants K 
Sakurada (M.H.S.) equation: 

and a of the Mark-Houwink- m -  

[ q ]  = K MS. m 

For  example, the values of K 

tween 20 and 30°C vary from 0.36 X 
to 0.92, respectively. The possible causes for  these inconsistent 
values may be the effects of polydispersity, incorrect dissymmetry 
correction, and inadequate solution clarification. 

The present investigations were carr ied out in o rde r  to clarify 
this confused situation and to establish a reliable relationship be- 
tween [q]  and M 

and light-scattering techniques. These measurements were made in 
three solvents, cyclohexanone, cyclopentanone , and tetrahydrofuran, 
a t  32.4 "C. The light-scattering data were analyzed according to the 
Zimm method [13]. 

and a reported in tetrahydrofuran be- m -  
to 21.9 X l o m 4  and from 0.54 

for  a wide range of molecular weights by viscosity 
W 

E X P E R I M E N T A L  

S a m p l e  

The PVC samples used were obtained from Scientific Polymer Prod- 
ucts,  Inc. PVC was fractionated by fractional precipitation, using tetra- 
hydrofuran and carbon disulfide as solvent and nonsolvent, respectively. 
Eight fractions,  ranging in molecular weight from 22,500 to 165,000, 
were obtained. 

V i s c o s i t y  M e a s u r e m e n t s  

The viscosit ies of the solutions were measured a t  32.4"C with an 
Ubbelohde-type viscometer and corrected f o r  kinetic energy effects. 
Fluctuations of the temperature were less than 0.04". The intrinsic 
viscosity [q] was calculated from the reduced viscosity by means of 
the Huggins [ 141 equation: 
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( 2 )  

L i g h t - S c a t t e r i n g  M e a s u r e m e n t s  

Light-scattering measurements were performed in the three sol- 
vents at 32.4"C, using a universal light-scattering photometer (C. N. 
Wood Manufacturing Co., Newton, Pennsylvania, Model 300),  which 
was calibrated with Cornell standard polystyrene and pure,  dust-free 
benzene [15]. Scattering intensities were measured at  11 angles rang- 
ing from 30 to 150", using unpolarized light of wavelength 435.8 nm. 
A cylindrical cell  was used throughout the work. 

The interpretation of the light-scattering data was based on the 
Zimm method, expressed in the general form 

2 
KC/Re = ( 1/Mw) + 2A2C + . * * ,  (3) 

where K is an optical constant and is equal to 2 3  no2 ( dn/dc)NAh4, C 

is the concentration in g/mL, Re is the difference between the Ray- 

leigh ratio of the solution and that of the pure solvent, M 
weight-average molecular weight, ( 3 ' )  z1'2 is the Z-average mean- 

square radius of gyration, 8 is the scattering angle, A is the wave- 
length of light in the medium, A 2  is the second viral  coefficient, and 
NA is Avogadro' s number. 

The solutions were clarified by filtering under nitrogen p res su re  
through Millipore filters. Values of (dn/dc) of the polymer solutions 
were measured in a Brice-Phoenix differential refractometer pre- 
viously calibrated with aqueous solutions of KC1 [ 161. The measure- 
ments were ca r r i ed  out a t  the same  wavelength ( h  = 435.8 nm) and 
same  temperature ( T  = 32.4"C) as the light-scattering measurements. 

is the 
W 

R E S U L T S  A N D  D I S C U S S I O N  

The relationships between the weight-average molecular weight 
M 

none, and tetrahydrofuran a t  32.4"C are shown in Fig. 1 and can be 
represented by Eqs. (4) ,  (5 ) ,  and (6) ,  respectively: 

- 
and intrinsic viscosity [ q ]  for  PVC in cyclohexanone, cyclopenta- 

W 

[q]  = 1.72 X 
- 
Mwo.7g, ( 4 )  
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FIG. 1. Mark-Houwink-Sakurada plots fo r  poly(viny1 chloride) in 
cyclohexanone (0 ), cyclopentanone ( 0  ), and tetrahydrofuran ( A  ) ac-  
cording to Eq. (1); [77] in dL/g. 

TABLE 1. 
Cyclopentanone, and Tetrahydrofuran 

Comparison of Molecular Weight of PVC in Cyclohexanone, 

Fraction Cyclohexanone Cyclopentanone Tetrahydrofuran 

1 22.45 2 1.96 22.09 

2 36.29 36.48 37.38 

3 54.08 53.2 7 52.86 

4 69.56 68.34 67.29 

5 94.30 94.78 94.17 

6 13 1.52 13 1.09 129.65 

7 143.23 142.82 141.52 

8 165.18 164.20 162.34 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



POLY( VINYL CHLORIDE) 333 

4 
I I I 

2 6 10 14 1 8 ~  lo4 A 

FIG. 2. Second virial coefficient versus molecular weight for 
poly (vinyl chloride) in cyclohexanone ( 0 1, cyclopentanone ( A  ), and 
tetrahydrofuran ( 0  1. 

The molecular weight of PVC obtained in the three solvents a re  in 
good agreement within experimental e r ror ,  as shown in Table 1. 
This close agreement in molecular weights rules out the possibility 
of aggregate formation since it is improbable that aggregation would 
be identical in the three solvents investigated. 

Figure 2 shows a plot of the second virial coefficient, A2, a s  a 
function of molecular weight in the three solvents. It indicates 

that the interaction between polymer and any given solvent decreases 
with increasing molecular weight, which is according to expectation. 

W 
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