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Rates of Thermal Decomposition of t-Butyl Peroxypivalate
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Synopsis. The kinetics of decomposition of ¢-butyl
peroxypivalate in benzene, hexane and mineral spirits were
determined iodometrically in the temperature range 50—
75°. The decomposition in benzene indicated smaller rate
constants and activation parameters than those in hexane
or mineral spirits. The solvated transition state in aromat-
ic solvent is discussed on the basis of these results and
the previously published data.

The rate constants of decomposition of ¢t-butyl per-
oxypivalate which decomposes with a concerted mech-
anism have been used as standard of those of other
peroxyesters.?

o
(CH,),CC-O0-C(CHy), —
(CH,),C- + CO, + -OC(CH,), (1)

However, different values of the activation parame-
ter in the decomposition have been reported by several
investigators.? For instance, Lorand and coworkers?®
obtained AH*=115k]J mol~! and AS*=15 JK-1mol-!
in cumene, but Fort and Franklin® reported AH*=107
kJmol-! and AS*=—11 JK-'mol-! in the same sol-
vent. These conflicting values give rise to some diffi-
culty on studying the decomposition mechanism of
peroxyesters.

We measured the rates of the decomposition of t-
butyl peroxypivalate in benzene, hexane and mineral
spirits, and also reevaluated the previously published
data.

TABLE 1. RATES OF DECOMPOSITION OF
t-BUTYL PEROXYPIVALATE

Initial concentration = Temperature Rate constant
mt °oC kX105/s71
Solvent: Benzene
0.10 50 1.03
0.10 55 1.94
0.10 60 3.92
0.21 60 3.89
0.10 65 7.31
0.20 65 7.19
0.10 70 13.0
Solvent: Hexane
0.10 55 0.842
0.10 60 1.59
0.10 65 3.39
0.10 70 6.19
Solvent: Mineral spirits
0.10 55 1.01
0.10 60 2.15
0.10 65 4.14
0.10 70 7.58
0.10 75 147

+ 1IM=1 moldm™3.

Results and Discussion

The rates of the decomposition of ¢-butyl peroxy-
pivalate were determined by following the disappear-
ance of the peroxide with iodometric titration. The re-
sults yielded good first order kinetics and were inde-
pendent of initial peroxide concentration. These ruled

TABLE 2. ACTIVATION PARAMETERS FOR THE DECOMPOSITION
OF {-BUTYL PEROXYPIVALATE

Solvent AH* AS* kX10%at Rel. rate
kJmol~! JK-1mol-! 60°C/s~! at 60°C
Hexane 12513 40+ 8 1.59 1.0
Mineral spirits 123+4 33+11 2.15 1.4
Cyclohexane® 12346 33+17 2.06 1.3
Cumene” 118+1 23110 2.95 1.6
Benzene 1151 14+ 3 3.82 2.
a) See Ref. 2a. b) Reevaluated from published data
(See Fig. 1.).
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Fig. 1. Arrhenius plot of published data on thermal
decomposition of t-butyl peroxypivalate in cumene:
(®) data points of Lorand et al.*® (O) datazpoints of
Fort et al.®® (O) data point of Ernst et al.>®
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out radical induced decomposition under our experi-
mental conditions. Table 1 shows the obtained data.
The activation parameters were calculated from the
data of the table and given in Table 2.

We also reevaluated the decomposition rates in
cumene using the early published data. The data were
plotted in Fig. 1 and the activation parameters were
recalculated to be also shown in Table 2. A remarkable
good Arrhenius plot in the figure shows that the
differences between the activation parameters in each
report are due to small systematic errors occurring
within each set of experiments.

The rates of homolytic decomposition of ¢-butyl
peroxypivalate were affected by solvents. It decom-
poses about twice faster in polarizable solvents such
as benzene and cumene than aliphatic hydrocarbons
having low polarizability. This could be explained
by strong interactions of the aromatic solvent with ¢-
butyl peroxypivalate at the transition state.¥ The
observed decreases of the AH* and AS* in the aro-
matic solvents relative to those in the aliphatic
hydrocarbons support this solvated transition state.
Similar results have been reported in the thermal
decomposition of diacyl peroxides,? di-¢-butyl peroxide
and ¢-butyl a-(p-substituted phenyl) peroxyisobutyrate.®

Experimental

t-Butyl peroxypivalate, benzene, hexane and mineral spir-
its were commercial materials. The rates of decomposition
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were measured by monitoring the undecomposed peroxy-
ester with iodometric titration. A weighed amount of the
peroxyester solution was added to glacial acetic acid solu-
tion containing saturated aquous sodium iodide solution
and a small amount of iron(IIl) chloride, and allowed to
stand at room temperature for 15min. Then the iodide
liberated was titrated with aquous sodium thiosulfate
solution.
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