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ABSTRACT

Vinylic compounds, such as acrylamide, in aqueous solutions, are reacted
with some organic compounds and inorganic reducing agents to give
polymer solutions in water. The polymerization of acrylamide with
•hydroxy amine sulfonlc acid-iron (II) sulfate heptahydrate ' redox system (pH
= 2 - 2 .5) is carded out in aqueous medium at 30° and 40 °C. The attained
polyacrylamide istract ionated by the triangular fractionation method using
methanol as a non - solvent . Molecular weights of the fractions are
determined by cryoscopic osmometry and viscometry . Then, integral and
differential distribution curves of samples are plotted using the fractionation
data.
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INTRODUCTION

Polymerization reactions, both synthetic and
natural, can lead to high molecular weight
compounds . The chain reaction, however, is
stopped by some termination processes that usually
occur in a random manner with respect to the size
to which the polymer has already grown . It follows
that polymers have a range of molecular weights
and that any data for the size or weight of the
molecules of a polymer represent some sort of
molecular weights . Scholtan [1] has correlated the

intrinsic viscosity [2] with the molecular weights of
polyacrylamide fractions by the equation:

q,ya = 6.31 x 10-3 Raw

The number average molecular weight, M„ was
obtained by cryoscopic osmometry . This method is
based on the freezing point depression. At this
point, the chemical potentials in the two phases
(liquid - solid are equal. Therefore, we can write
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the result directly from the following equation [3]:

Mo=(
AHI) (p.I.)ca-o

where R, T, AH, AT, VI are the gas constant,
freezing point, enthalpyof melting, freezing point
depression and volume of solvent, respectively.
Also, the polymerization of acrylamide, initiated
with potassium permanganate/oxalic acid has been
studied by G.S .Misra [4] . They determined the
molecular weight of polyacrylamide fractions by
osmometry.

EXPERIMENTAL

Preparation and Purification of Materials

Acrylamide was recrystallized from methanol then
dried. Hydroxylamine sulfonic acid was prepared
from hydroxylamine and sulfonic acid by the
common method [5] . FeSO 4 was B .D.H
(Analar)reagent. Methanol and dimethylformamide
(DMF)were Merck products. Water was treated by

distillation of water containing a small amount of
alkaline permanganate.

Polymerization Procedure

Polymerization of acrylamide in DMF-H 20 (10 :
90) medium was carried out with hydroxylamine
sulfonic acid (NH 30S0 3 H)Iiron (II) sulfate
heptahydrate (FeSO 4 .7H20) redox system, in acidic
medium, (PH = 2 - 2.5) at 30 ± 0.2 °C and 40 ±
0.2 °C . The reaction was carried out under nitrogen
atmosphere, therefore, the contents of the reaction
vessel were freed from dissolved oxygen by passing
a stream of oxygen - free nitrogen first at a high
rate and then at a one bubble per second . polymer-
ization was initiated by NH 2OSO3 HIFeSO 4 redox
system . The reaction was stopped after 40 minutes.
The polyacrylamide sample was fractionated by the
triangular fractionation method from aqueous
solution by addition of methanol at room
temperature . For complete precipitation of
fractions with low molecular weights, 50 cm 3 of
distilled water was added before fractionation [4].
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Table 1 . Fractionation data for polyacrylamide sample
monomer = 2 mol/L, NH2OSO3 H = FeSO 4 = 0 .02
moUL
Fractions Weight of fractions Weight of fractions

(g) at 40 °C (g) at 30''C
Fl 0.2405 0.5817
F2 0.6830 1 .0404
F3 0.8400 1 .8803
F4 13990 0.5660
F3 2.050 0 .0205
F6 0.8134 2.0761
F i 0 .3620 0.0103

Then, the fractions were isolated in a little water
and precipitated with ice cold methanol . In this
state, seven fractions were obtained . These
fractions were dried under vacuum at room
temperature.

Viscometry Measurements

The intrinsic viscosities of aqueous solutions of
polyacrylamide samples were determined with a
viscometer at 30 ± 0.1 °C.

Osmometry Measurements

Freezing point depression measurements on
polyacrylamide fractions were carried out in distill-
ed water at room temperature . A cryoscopic
osmometer (Osmomat Model 030) was employed.
In all experiments, AT/Ck, vs . C curves are plotted
(AT, C are freezing point depression and
concentration of samples, respectively) . The
intercept of these curves is UM, .

RESULTS AND DISCUSSION

I .Distribution Curve
Hydroxylamine sulfonic acid/iron (II) sulfate
heptahydrate redox system was used for pre-
paration of polyacrylamide . Polymerization
reaction of acrylamide may be explained by the
process mechanisms shown (p99).

Fractionation of obtained polyacrylamide

Table 2. Data of disc ibutioe curve at 40 °C

Fractions Wi Wi C(M;) Mi x 10.3
2 =1

F, 0.024 0.9512 0.976

	

26.791
F2 0.069 0.8126 0.882

	

19.409
F3 0.085 0.6422 0.727

	

11 .572
F4 0.085 0.4718 0.557

	

10.413
F3 0.085 0.3014 0.387

	

8.820
F6 0.085 0.1363 0.2119

	

7.0139
F2 0.068 0.0000 0.068

	

2-163

yields seven fractions with about 86-90% recovery
(see Tables 1, 2, 3) . From these data, integral and
differential distribution curves are plotted in
figures 1 and 2 using Schulz theory [6] . In this
method, the total weight of fractions, C (M,), were
calculated with the following relationship:

i•l
C(M)=(w')+EW,

j=l
where wi is weight fraction.
II . Intrinsic Viscosity and Freezing Point
Depression - Molecular Weight Relationship for
Fractionated Polyacrylamide.
Intrinsic viscosities of polyacrylamide samples were
determined by the following equation [4]:

=()+k1(r7)2 C+ . ..

The intercept of the linear plots of ry. r/C vs . C is
(q) . Scholtan [1] has correlated intrinsic viscosity
with the molecular weights of polyacrylamide
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Fig.l . Integral and differential distribution curves of
polyacrylamide (40 ± 0.2)°C

100

	

Iranian Journal of Polymer Science and Technology. Vol 2, No 2, June 1993



Determination of the Molecular Weight

Table 3. Data of distribution cane at 30 °C

Fractions Wi
Wi C(M;) M; x 10.3

2
1 =1

F1 0.047 0 .453 0.50

	

31 .43
F2 0.0850 0368 0.453

	

2239
F3 0.153 0 .215 0.368

	

17 .40
F4 0 .046 1 .169 0.215

	

14 .27
F3
F6 0 .169 0 .000 0.169

	

8 .77
FT

= 6 .31 x 10-3 MZasa

fractions by the equation:
The viscosities of the fractions were determined
with an Oswald viscometer at 30 + 0.1°C. Also, the
number average molecular weight, M o , of poly-
acrylamide fractions was measured by cryoscopic
osmometry [7] . The number average molecular
weight of polyacrylamide fractions was calculated
using the equation:

AT = I{a (Mo + A2C2 + A3C3 + . . .)

or

AT = 1 + A2C + A3 C"2 + ...
FCC M.

Where AT, C, I{, are the freezing point depression,

concentration and cryoscopic constant, res -

pectively. Also, A2 , A3, . . . are the osmotic virial
coefficients . may allow the calculation of
dispersion index (I) . The ratio 11h, / M,=I provides
a measure of the breadth of the molecular weight
distribution of fractions (see Tables 4(a)and 4(b).
III . The Molecular Weights and Temperature
Relationship for Polyacrylamide Sample
Based on the data reported in this paper, the
average molecular weights of polyacrylamide
fractions were increased with decrease of
temperature. This finding is in agreement with the
free - radical polymerization rules.

CONCLUSION

This work has shown that polymerization of

25 30 35
M;x10a

Fig .2. Integral and differential distribution curves of

polyacrylamide (30 ± 0.2) °C

Table 4(a) . Molecular weights of fractionated samples of PAA prepared by NH 2 O803 HIFe504 initiator system at
40°C.

Fractions NH 2 OSO 3H
(mollL)

FeSO4
(moll[. .) (mllg)

MD x 10- 3 ME x 10- 3 Mx an 1
M p

F, 0.02 0 .02 22.32 - 26.79 -
F2 0.02 0 .02 17 .43 19.41
F3 0.02 0.02 11 .24 11 .57
F4 0.02 0.02 10 .34 7.1539 10 .41 1 .46
F3 0.02 0.02 9 .56 5.219 8 .82 1 .69
F6 0.02 0.02 7 .54 7 .01 -
F2 0.02 0.02 2 .94 1 .240 2 .16 1 .74
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polyacrylamide by NH 2 OSO 3 H - FeSO 4 redox
system produces the low molecular weight. Also,
the calculated dispersion index shows that the
triangular method for the fractionation of obtained
polyacrylamide is a suitable method . The results
obtained from this method were compared with
results obtained from the references . The poly -
acrylamide with low molecular weight is soluble in
water . This polyacrylamide sample with other

soluble polymers produces isolated double - phase
systems.

ACKNOWLEDGEMENTS

The authors are indebted to Dr . M . Taghizadeh for
his sincere co-operation, Drs. Davaran for her
suggestions.

Table 4(b) . Molecular weights of fractionated samples of PAA prepared by NHZOSO 3HIFeSO4 initiator system at
30°C.

Fractions NI}120S0 3H FeSO4 rt M, x 10-3 M~ x 10-3 =IM4(mol/L) (mollL) (mug)

FI 0.02 0.02 25 .00 1&60 31 .43 1 .63
F2 0.02 0.02 19 .06 - 22.39 -
F3 0.02 0-02 15 .58 11 .154 17.40 1 .56
F4 0 .02 0.02 13 .29 10.33 14.27 1 .38

'F5 0 .02 0.02
F6 0 .02 0.02 9 .01 5 .84 8.77 1 .50

0 .02 0.02
`F5 and F7 are negligible.
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