The Cu(l),Fe(I11)/Cu(Il),Fe(Il) Equili-
brium and Its Influence on the Ferric
Chloride Photosensitized, Cupric Chloride
Inhibited Polymerization of Acrylonitrile
in N,N-Dimethylformamide
R. G. JoNgs

The Cu(l),Fe(IIl)/Cu(Il),Fe(Il) equilibrium in dimethylformamide solution has
been found to favour the ferric|/cuprous states. Cupric chloride has been used
to inhibit the ferric chloride-photosensitized polymerization of acrylonitrile in
dimethylformamide. The kinetics of the reaction are discussed in terms of ter-
mination by both ferric and cupric chlorides, and the reduction of cupric
chloride by ferrous chloride. The value 175X 10° M~! sec™! has been obtained
for the rate constant for the scavenging of polyacrylonitrile radicals by cupric
chloride.

THE equilibrium (1) in aqueous solution favours the ferrous/cupric states,
however spectrophotometric evidence has been obtained indicating that the
ferric/cuprous states are favoured in dimethylformamide (DMF) solution
and that the equilibrium is rapidly attained.

Cu (I) + Fe (1) == Cu (II) + Fe (II) ¢))
E’ (aq.)=0-60 V at 25°C

A 4-35x10-* M solution of ferrous chloride in DMF was prepared in
vacuc by photolysing (at 4 358 A) a solution of ferric chloride’. Analytical
reagent grade cupric chloride (sufficient to make the solution 10-% M in
CuCl,) was then admitted via a break-seal-entry, mixing and measurement of
the optical density of the solution at 3 620 A being effected in about ten
seconds. The spectrum of the solution is shown in Figure I together with
the spectrum of the pre-photolysed solution, the expected spectrum of the
solution on the assumption that equilibrium (1) lies to the right, and the
expected spectrum based on the converse assumption.

Figure 1 exhibits all of the characteristics normally associated with a
spectrum of a ferric chloride solution in DMF?  As well as the total
absence of the characteristic absorption peak of cupric chloride at 4 350 A,
the spectrum corresponds most closely in this region to that of a 0-435 mm
solution of ferric chloride with enhanced peaks at 3620 A and 3170 A
(characteristic of the FeCl,~ ion'). These features further suggest the con-
sumption of the excess of cupric chloride by equilibrium (2) and the
reaction of HCl molecules formed in the photolytic process, with ferric
chloride according to equilibrium (3).

CuCl, + FeCl; = CuCl+ + FeCl,~ 2)
HCl+FeCly, — H*+ +FeCl,~ (3)
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Figure ]—Spectrum of solution
of ferrous chloride (0435 mwm)
and cupric chloride (I mm) in
DMEF. Curve 1: Actual spec-
trum; Curve 2: Spectrum of
FeCl, (0435 mm); Curve 3:
Spectrum of CuCl, (I mm);
Curve 4: Spectrum of CuCl,
(0-565 mm) and FeCl, (0-435
mMm)

The position of equilibrium (1) is of consequence in the ferric chloride
photosensitized cupric chloride inhibited polymerization of acrylonitrile in
DMF. The rate of polymerization has been obtained dilatometrically at a
variety of cupric and ferric chloride concentrations at a constant rate of
initiation. In all cases the polymerization was preceded by an inhibition
period, the duration of which was obtained by extrapolation to zero con-
centration of the linear portions of the concentration/time -curves
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Figure 2—Typical contraction/time curves for the ferric chloride photo-
sensitized, cupric chloride inhibited polymerization of acrylonitrile (1-37
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INHIBITED POLYMERIZATION OF ACRYLONITRILE

(Figure 2). The final steady rate of polymerization was found to correspond
within experimental error to that of the equivalent solution with cupric
chioride absent. It was further observed that during the inhibition period
the absorption at 3 620 A did not change, though at the end of this period
the rate of photolysis of ferric chloride also corresponded to that of an
equivalent solution with cupric chloride absent. A plot of inhibition period
duration versus [CuCl,] is shown in Figure 3, the slope of which corresponds

80 x

D
(=]
T

Inhibtion period,min
o
[=]
T

\

| 1 A 1 L

0 10 40 50

20 30
[cucly] x 104 )

Figure 3—Variation of inhibition period duration with
cupric chloride concentration. R;=®I,=4-02X10~% M sec™!

to —d [CuCl,]/dr=1-20x 10" M sec™'. That this value is approximately
three times greater than the rate of formation of radical centres (assuming
Ri=®1,=402x 1078 M sec?!, where ® is the quantum yield for the removal
of ferric chloride and I, is the intensity of light absorbed) is partially
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Figure 4—Plot of 1/r—1n r/(1 ~ r) versus time
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explained by the consumption of two molecules of CuCl, for each molecule
of FeCl, that is photolysed; one molecule being consumed by the inhibition
process and the other by equilibrium (1). The apparent consumption of a
third molecule of CuCl, can at present only be attributed to the variety of
the equilibria involving transition metal species present in this system.

The polymerization results have been interpreted on the assumption that
at the ferric chloride concentrations used, the sole mode of chain
termination at the end of the inhibition period is first order termination by
FeCl;, i.e. mutual chain termination and chain transfer phenomena have
been neglected in order to simplify the kinetics. At concentrations of FeCl,
greater than 10=® M (the lower limit of concentration used in the present
kinetic investigation) this is justified".

The kinetic scheme for the polymerization may be summarized as
follows:

(a) Production of free radicals Rate
hv
FeCl;—> FeCl,+ CI’ dI,
(b) [Initiation
Cl. 4 M —_ ml. Ri
(¢) Propagation
mi+M — my.. ky [m;’] [M]
(d) Termination
m;" + FeCl, — products + FeCl, k; [m;"] [FeCly]
m;" + CuCl, — products + CuCl k. [m,"] [CuCly]
() Equilibrium
CuCl; + FeCl, = CuCl + FeCl; (rapid)
Two expressions relating the variables and the rate constants can be
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Figure 5—Plot of log (1 /r—1) versus log (1—6)
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obtained by assuming instantaneous stationary state conditions during the
inhibition and acceleration periods.
I. By a modification of the method of Bamford et al.?

In {r/(1-0} —1/r= %ﬁ%ﬁ

where r=(R,),/(R,), =reduced rate of polymerization, when (R,), and (R,);
are the rates of polymerization at time ¢ and at the steady state respectively,
and « is a constant of integration.

II. By a modification of the method of Bengough and Fairservice!,

log k. =log (k; [FeCl;]/ Co) +log (r'~1)
= (2k./ky) log (1 —6)

where C, is the initial cupric chloride concentration and 6 is the fractional
conversion of monomer to polymer. .

Both equations are applicable to the acceleration period and plots of
1/r—In{r/ (1—r)} versus ¢ and log (r"*—1) versus log (1 — ) are shown in
Figures 4 and 5 respectively. The value k.=(1-75+02)x 10° M~" sec™?
has been obtained® from the slopes using the values k;=9-8 x 10* M~ sec™
and k,=3-82x 10° M sec™,
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