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Determination of Isopropyl Peroxydicarbonate
Decomposition Rate Constant Using EPR

P. P. RATHKE, Owens-Illinois, General Offices, Toledo, Ohio 43601

Synopsis

The decomposition rate constant, ks of isopropyl peroxydicarbonate in toluene at
23.3°C was determined using electron paramagnetic resonance techniques (EPR).
Diphenylpicrylhydrazyl (DPPH) was used to monitor the formation of radicals. Be-
cause DPPH has a strong absorption spectrum on the EPR, the accuracy of measuring
small changes in the indicator concentration should be greater than measuring small
concentrations of primary radicals. A value for k4 of 4.5 X 10~7 sec™! was obtained.
This is in good agreement with previously published values.

INTRODUCTION

The study of the free-radical polymerization of vinyl monomers requires
knowledge of the rate of initiation. This rate is a function of the decom-
position rate of the initiator, the initiator concentration, and the initiator
efficiency according to the equation

R, = 2k;f[1] = — %'-: 1)

—

where R, is the rate of initiation, k; is the initiator decomposition rate
constant, f is the initiator efficiency, [I] is the initiator concentration
[R -] is the concentration of radicals, and ¢ is time.

Experimental determination of initiator decomposition rate constants
have been done in a number of ways. If initiator efficiency is high, end-
group analysis of a polymer provides a measure of the number of initiator
fragments which initiate polymer chains. A comparison can be made be-
tween the number of fragments and the unreacted initiator concentration.
Disagreement between the amount lost and the fragments found would be a
measure of the initiator efficiency.!

Another method used for the determination of both &, and/or efficiency
involves the addition of an inhibitor. The number of moles of radicals
produced during the inhibition period should be equal to twice the number
of moles of inhibitor present if the inhibitor reacts stoichiometrically with
radicals.? However, if the radical generated by the inhibitor can disap-
pear by disproportionating, then one inhibitor molecule could conceivably
stop two radicals and the 1:1 stoichiometry is not valid.?
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A third method, and perhaps the most straightforward, for determining
the decomposition rate of initiators is to react the initiator in the presence of
an inhibitor whose concentration can be monitored. Such an inhibitor is
a,a-diphenyl-g-picrylhydrazyl (DPPH). This inhibitor is a free radical
which owes its stability to a delocalized unpaired electron.

Q . NO,
o

N—N NO,
N02

The product of a reaction with an initiator radical will pair the single
electron, producing a stable molecule which should be incapable of further
reaction.* DPPH has a characteristic absorption spectrum in organic
solvents, and the purple color fades as it reacts with radicals, thus providing
a means of monitoring initiator decomposition.® Although the 1:1 stoichi-
ometry between DPPH and radicals has been questioned for certain
initiator—solvent systems,®—8 confirmation of the 1:1 stoichiometry has been
obtained by independent means?:1° and the technique is still used.!!

Sasaki and Nagayama'! have studied the reactions of azobisisobutryoni-
trile (AIBN) and DPPH and have evaluated the effect of their relative con-
centrations on the decomposition rate constant of AIBN. Their results
suggest that DPPH must be used in excess in order to obtain reliable data.
On this basis then, the only reactions occurring are

k
I-2R- formation of radicals @
and
2
DPPH + R- - DPPHR formation of inactive specie 3)

where [DPPH}>[R-].

These authors!® used the colorimetric method of measuring the concentra-
tion changes in DPPH. This paper concerns the determination of a de-
composition rate constant, k; using electron paramagnetic resonance
(EPR) techniques to monitor the DPPH concentration. The use of EPR
for measuring radical concentration is not new.%!2-17 However, the mea-
surement of a decreasing EPR signal from a good indicating source is felt to
be more accurate than trying to measure the concentration of the primary
radicals, on the order of 10—® moles/l. DPPH has a strong characteristic
signal whose integrated intensity is directly proportional to its coneentra-
tion.

EXPERIMENTAL

A DPPH control solution was prepared by dissolving the inhibitor in
toluene at a concentration of 0.001 mole/l. The EPR spectrum of this
solution was obtained using a Varian V-4500 system incorporating a 12-in.
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magnet, 100 ke/sec field modulation, and a Varian V-4531 rectangular
cavity operating in the TEy;, mode. The spectrum was scanned over a 50-
gauss range, and the control curve was cut out and the paper weighed. The
standard solution produced 1.26 X 108 spins per gram of DPPH. This
calibration was used to determine the decomposition rate constant of diiso-
propyl peroxydicarbonate (IPP).

Commercial IPP was used for this determination as received. A 1 wt-9,
solution (0.0425 mole/1) was prepared in toluene and stored at Dry Ice
temperature until used to prevent premature decomposition. As the IPP is
crystallized from solution at these temperatures, it was allowed to warm up
until the IPP was dissolved just prior to use. The quartz EPR sample
holder, with a test volume of 0.162 ce¢, was filled with the IPP solution.
DPPH was then added to an equivalent concentration of that used in the
control. The EPR readings were taken over a 6-hr period, each time run-
ning over the 50-gauss range. The test curves were then cut out and
weighed. ’

RESULTS AND DISCUSSION

The intensity of the EPR signal decreased with time in the presence of the
IPP. At the same time, the expected color change in the DPPH-IPP
solution was observed. Based on the weighed curves, the spins per gram of
DPPH could be directly calculated.

The relationship between the loss of DPPH and the loss of IPP is based
on a 1:1 stoichiometry. From egs. (2) and (3), the rate expressions ean be
written as

_d[IZP] = k4[IPP] loss of initiator )
P
_d[D—dtPH—] = k[DPPH]R ] loss of DPPH. (5)

The change in radical concentration is thus

diR-] _ 2d[IPP] __ d[DPPH]

dt dt dt (©)

where the factor 2 enters because two radicals are formed from each mole-
cule of IPP.

If the steady state form is used, which says that the change in radical con-
centration is negligible compared with the change in initiator concentration
or the change in DPPH concentration, then

9 d[IPP] - d[DPPH].

dt dt @

This equation suggests that the 1:1 stoichiometry holds between a radical
and a DPPH molecule. However, as Sasaki and Nagayama!l point out,
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Fig. 1. Plot of In[I] versus time for IPP in toluene at 23.3°C.

when [R-]>[DPPH], recombination of radicals can occur, not necessarily
producing the original initiator, and the 1:1 relationship is not valid.

Solving eq. (4) with the usual boundary conditions of [IPP] = [IPP], at
t = 0, the desired form is obtained, as follows:

[IPP] = [TPPJexp{ —kat} ®)

Plotting In [IPP] versus time should give In [IPP], as the intercept and kg
as the slope, as shown in Figure 1. A “best fit” line was obtained from a
regression analysis of the data.

A kg for IPP at 23.3°C in toluene of 4.5 X 10-7 (£1 X 10~7) sec—! was
obtained. This agrees well with k; values obtained from the literature in
toluene at other temperatures (Table I).

TABLE 1
ka4 Values for IPP in Toluene
kq Temperature, °C Source
4.5 X 1077 23.3 this work
7.3 X 107¢b 35 Strong!®
3.03 X 10%¢ 50 Strain et al.1?

* At a concentration of 0.0425 m/1.

b At a concentration of 459, which produces a more rapid reaction owing to deviation
from first orderr X n.18

¢ At a concentration of 0.144 m/1.
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On the basis of this single determination, use of EPR for measuring the
rate of radical generation from a free-radical initator by monitoring the
decrease in DPPH concentration appears to be a very practical method.

I would like to express thanks to Mr. 1. Siegel and Mr. J. A. Lorenc who generated
the EPR data, and to Owens-Illinois, Inc., for permission to publish.
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