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The kinetics and mechanism of polymerization of acrylonitrile were studied using potassium persulphate

as an initiator.

The - parameters varied were the pH of the medium, and initiator and monomer concentrations.

The effect of the chioride ions on the reaction rate was also investigated and it was observed that the chloride ions

retarded the rate of polymerization.
Introduction

During the past 20 years the kinetic studies of
polyacrylonitrile have assumed a position of prime
importance in the field of high polymers. The
kinetics of acrylonitrile polymerization initiated
by potassium persulphate, -4 the kinetics of solu-
tion polymerization of acrylonitrile, 5 and the
photochemical initiation of polymerization  of
acrylonitrile by persulphate® has been studied.

The present investigation was designed to
observe the effect of pH, maintain=d by H,SO,
or HCI, on the rate of acrylonitrile polymerization
initiated by potassium persulphate. The two
mineral acids were selected with a view to deter-
mining the effect of sulphate or chloride ions under
similar hydrogen ion concentrations. The choice
of monomer was due to its great industrial im-
portance in the preparation of synthetic fibres.

Experimental

Materials.—The following chemicals were used.
Acrylonitrile (B.D.H.), potassium persulphate (E.
Merck), sulphuric acid (B.D.H. Analar), hydro-
chloric acid (B.D.H. Analar), sodium chloride
(May & Baker), sodium hydroxide (May & Baker).

Acrylonitrile was further purified by distillation
under reduced pressure in order to remove in-
hibitor. The purity of the middle fraction was
checked by measuring its physical constants
(d4?s 0.8001, np?S 1.3885). These values agreed
with those reported by Blout and Hokenstein.7?

Procedure.—In order to investigate the kinetics
and mechanism of polymerization three para-

Further, the reaction was found to be sesquimolecular in order.

meters, i.e. pH of the medium, initiator con-
centration and monomer concentration, were
varied in turn keeping the other two constant.
Further, the effect of chloride ions on the rate was
studied. The rate was followed dilatometrically.
Before degassing the reaction mixtures, the pH
values were measured by means of a Cambridge
pH-meter. The variation in pH was made with
the addition of HCl and NaOH or H,SO, and
NaOH. The reaction mixture at the required
pH value was filled in bulb B (Fig. 1) which was
then attached to a high vacuum line. The solu--
tion was degassed by at least two cycles of freezing,
pumping to 1o—5 mm and melting. While the
solution was frozen in B, the stop-cock S; was
closed and the apparatus was detached from the
vacuum line. Dilatometer was filled by inverting
the bulb B and after closing stop-cock S, it was
detached at the point A from the bulb B.

Fig. 1.
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The dilatometer, previously caliberated, was
then placed in the thermostat set at 32-40.1°C.
The induction period was measured from the
interval between the time of placing of dilatometer
in thermostat and the first appearance of contrac-
tion in the capillary of the dilatometer. After
determining the induction period the stop-cock S,
was opened and the polymer formed was filtered,
washed and dried at 110°C to a constant weight
for the determination of molecular weights.

Results and Discussion

Potassium persulphate decomposes in various
media according to the following reactions.®

__ slow - 7 Neutral
(a) 8,05 ——> 280, { and slightly
rapid >acidic

i = | A
(b) 8205 +H,0->2HSO, 30, ) medium

8208 _92S04—_ .]
| Alka-
- rapid than (b) _ v line
(c) 8,03 +OH ->S0,+30,+HSO, | me-
J dium
Szog e QSO4— ]
L Acidic
__ rapid than (b) (' medium
(d) S;,03 +H*t —> SO4+HSO4_ J

The sulphate radical ion formed possesses an
unpaired electron and therefore exhibits the ex-
treme reactivity, characteristic of free radicals.
In the presence of monomer the sulphate radical
ion probably initiates the polymerization by adding
to the monomer, forming an organic radical ion:

H
P = |
SO + CHy=CH-——$0;™-0-CH,-G
CN ON

In polymerization the rate of propagation Rp
and termination Rt are given by the well-known
equations:

Rp:
Rt =

KpMC (1)
K C? (2)

where Kp and K¢ are the specific rates of pro-
pagation and termination respectively, C the
monomer radical concentration and M the mono-
mer concentration. The rate of consumption of the
monomer is given by

dm
~_9M _ piR,
T i+ Ry
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or

- .__%‘1 =Ri+Kp CM (3)
where Rj is the rate of initiation. For the very long
chain formation the rate of initiation Ri could be
neglected as compared to Rp. In the steady state

Ri= Ri=FK:C? (4)
R

Hence C = [——]* (5)
Kt

Substituting the value of C! in the equation (3)
we get

dM Ri

- = R + B M[—} (6)
dt K

The value of Ri in the case of catalysed poly-
merization is given by

R—=K MB )

where B is initiator concentration. By ignoring
the first factor, equation (6) reduces to the form

dm KiBM
- — =Ky M [——)} ®)
d¢ K
dM Ki
- — Kp [—} Bos M5 (9)
dt K
T I
———=——4 }K B%5¢ (10)
v a—er Va

On integrating equation (9)

where a is the initial monomer concentration.

When -dM/dt is plotted against 1.5th power
of the monomer as well as against the square root
of initiator concentration, straight lines are to be
expected. Figures 2 and 3 show these facts in
accordance with the kinetic equation (9).

Dependence of Specific Rate on pH.—The specific
rates of polymerization at pH from oto 8 are given
in Table 1. The rate is found to be maximum at
pH 7 (Fig. 2), but it decreases with the increase
or decrease of pH. In alkaline medium the reac-
tion (c) dominates overreaction (b). Consequent-
ly, the sulphate radical ion formation in reaction
(a) decreases and the rate falls. In strongly acidic
medium decomposition of the persulphate leads to
Caro’s acid and reaction (d) dominates over reac-
tion (b). Hence the formation of sulphate radical
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ions decreases which results in the fall of the reac-
tion rate. At or below pH 3 the specific rate
decreases when the pH is maintained with HCI
instead of H>SO, shown in Fig. 4. '

In order to determine the decrease of rate in
case of HCI, the effect of chloride ions on the rate
of polymerization was further investigated.

The inhibitory effect of chloride ions may be
explained from the view point of the removal of
both the active species by interaction with a
chloride ion. This may be illustrated as follows:
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TABLE 1.—DEPENDENCE OF THE REACTION RATE TABLE 2.—RATE DEPENDENCE ON MONOMER AND
CON§’£‘éP{T oN pH anxp CHLORIDE JoNs. IntriATOR CONCENTRATIONS AT pH 7.0 AND 32°C.
Acrylonitrilé-io.883l M. Rate dependence on R d
Initiator (K;S,03)=g.08 x 10-3M. monomer concentra- ate dependence  on
NaCl=o0.25 M. fion initiator concentration.
Initiator=4.1 X 10-3m Monomer=1. 0597M.
pH maintained with Monomer Rate Initiator
(M) average/hr (B) Rate
pHof H,80,and HCland HCI and  Mole/l Mole/l average/hr
the NaOH NaOH NaOH in 2
reaction b . presence of 0.3532 A 77 2.5 10-4 3.03
mixture c&L NaCl 1 0.49448 5-27 4.3 X 10-4 5-97
e ~— 0.63576 . 8.04 8.3 X 10-4 6.87
104 x K 104 x K 104 x K 0.77704 I1.91 I.5X10-3 10.62
litre mole-I  litre mole™® litre mole-T 50.91812 13.65 2.5 X 10-3 13.82
sect sec T sec -t
8O, +C ——»80, ~+d
HH HH
1.95 0.78 0.62 0.53 | o
2.60 = -.1.02 0.94 0.70 SO3-O-(|3-C~ - Cl ->S0,;-0-C-C-Cl
4.10 1.26 1.26 0.92 b |
5.0 1.68 ~1.68 1.10 H CN HCN
5.8 2.02 2.02+~..__ 1.60
8.5 4.80 4.80 ~2.90 References » _
7.0 6.93 6.93 5-17 1. R.G.R. Bacon, Trans. Faraday Soc., 42,
7-7 4.15 4:15 2.90 S 140 (1946).
2. L.B. Morgan, ibid., 42, 169 (1946).
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