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The electrochemical characteristics of reduction of triphenylphosphite ozonide 
at a stationary platinum electrode were determined in acetonitrile at between -30 
and --II°C. The feasibility of employing voltammetric methods to investi- 
gate the reactions of phosphite ozonides was demonstrated in a model study of 
the kinetics of the thermal decomposition of (C6HsO)3P03 and its reaction with 
triphenylphosphite. 
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Electrochemical methods are utilized in analyzing peroxides and studying their reac- 
tions [i, 2]. However, no research of this sort has been conducted for phosphite ozonides. 

The present investigation used (C6HsO)3PO 3 as a model for voltammetric study of the 
kinetics of the thermal decomposition of ozonide and its reaction with triphenylphosphite. 

EXPERIMENTAL 

The methods used to synthesize and purify the (C6HsO)3P (i) were described in [31. The 
acetonitrile was purified and thoroughly dried by the techniques of [4]. We obtained the 
ozonide (C~H~O)3PO 3 (2) by treating 0.25-0.35 mmole of 1 in 5-10 ml of dry CH3CN with an 
03-02 mixture (the [03 ] at the ozonizer outlet was ~2.10 -4 mol/liter, and the delivery rate 
for the 03-02 mixture was 20 ml/min) by the method of [5]. After ozonation was complete, 
dry Ar was passed through the solution, and the content of compound 2 was determined by a 
procedure analogous to that in [6]. 

Cyclic and differential pulsed volt-ampere curves were determined in an RA-3 po]aro- 
graphic analyzer (Czechoslovakia) with scan rates of 10-500 mV/s. The working electrode was 
a platinum electrode with S = 1.81 mm 2, while the auxiliary electrode was a platinum plate 
with S = 80 mm 2. The reference electrode was a silver wire immersed in a 0.i M solution of 
AgNO 3 in CH3CN. The reference electrode was connected to the cell through a semipermeable 
membrane bridge filled with a solution of the (C4H3)4NC104 background electrolyte° The cell 
was temperature-controlled at the experimental level. 

The thermal decomposition kinetics of 2 were studied in CH3CN solution at from -30 
to --II°C. A portion of 5-i0 ml of dry CH3CN and a weighed portion of the background electro- 
lyte were placed in the polarographic cell, dry Ar was passed through it, and the volt- 
ampere curves were determined. We then added 0~3 mmole of 2 to the cell. The reaction was 
considered to start when the ozonide was introduced. Differential pulsed volt-ampere curves 
were determined at definite intervals, and their peak heights established. 

The kinetics of the reaction between 2 and 1 were studied from the amount of 2 consumed 
in a 3:1 acetonitrile-toiuene mixture at 30°C. The toluene was added to improve the solu- 
bility of the i. We added 0.1-0.5 mmole of i to a cell containing 0.01 mmole of 2 in an Ar 
atmosphere. The reaction was assumed to begin when the 1 was introduced. 

Dummy experiments showed that the 1 and the breakdown products of the 2 (triphenyl phos- 
phate and 02) were reduced over the potential range investigated. 
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Fig. i. Cyclic volt-ampere curve for 3.48.10 -2 mol/liter 2 in 
CH3CN at -35°C. Potential sweep speed of 500 mV/s. 

Fig. 2. Anamorphoses of critical consumption curves for 2 dur- 
ing thermal decomposition (i, 2) and in presence of 1 (3). 
CH3CN as solvent, i) -30°C, [2] 0 = 3.48"10 -3 mol/liter; 2)--II°C, 
[2]0 = 3.11.10 -3 mol/liter; 3) --30°C, [2] 0 = 1.10 -3 mol/liter, 
[I]0 = 20.i0 -3 mol/liter. 

RESULTS AND DISCUSSION 

The typical cyclic volt-ampere curve of 2 is depicted in Fig. i. The volt-ampere curve 
parameters, i.e., the ratio of the anodic and cathodic peaks Ipa/Ipc ~ 0.15 and the potential 

difference between the cathodic and anodic peaks AE = Epa - Epc = 1.6 V, indicated irreversi- 

bility of the electrochemical reduction of 2 [7]. This conclusion was also confirmed by the 
significant peak half-width (WI/2 = 600 mV) for the differential pulsed volt-ampere curve and 
the manner in which it depended on the modulation amplitude. 

Triphenylphosphite ozonide undergoes reduction at ~-1.7 V. The similarity of the reduc- 
tion potentials for 2 and oxygen under the conditions in question (=-1.8 V) somewhat compli- 
cated the measurements, but use of differential pulsed voltammetry enabled us to distinguish 
them. The dependence of bI on the concentration of 2 was linear over the range investigated 
(r = 0.98): 

~z=  (t .o6~0.t8)  * 10-~+ (5.2t±o.58).  t0-~[ (C~H~OhPO~), 

which enabled us to use a standard curve for quantitation of 2. The lower limit of the de- 
terminable triphenylphosphite ozonide concentration (=5.10 -4 mol/liter) a product of the 
superimposed 02 peak, while the upper limit (z5.10 -2 mol/liter) was dictated by the limited 
solubility of 2 in CH3CN at low temperature. 

The analytic signal amplitude for the peak bI varied as a function of time during ther- 
mal decomposition of 2 in accordance with the equation (Fig. 2): 

in (&D =ln  (&l) 0-kot, ( 1 ) 

where 510 and AI (vA) a r e  t h e  peak c u r r e n t s  a t  t h e  s t a r t i n g  t ime  and t ime  t and k0 i s  a con -  
s t a n t .  S i n c e  AI i s  l i n e a r l y  r e l a t e d  t o  t h e  c o n c e n t r a t i o n  o f  2, we have  

in (hl)  / (A I) 0=In ([ 2]/[2 ] 0), ( 2 ) 

where [2] and [2]o  a r e  t h e  i n s t a n t a n e o u s  and i n i t i a l  o z o n i d e  c o n c e n t r a t i o n s  ( m o l / l i t e r ) .  

I t  can be seen  from Eqs.  (1)  and (2)  t h a t  t h e  c o n s u m p t i o n  o f  2 f o l l o w e d  a f i r s t - o r d e r  
r u l e ,  which  h e l d  o v e r  t h e  e n t i r e  t e m p e r a t u r e  and o z o n i d e  c o n c e n t r a t i o n  r a n g e s  i n v e s t i g a t e d .  
The dependence of ko on temperature: 
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yielded: 

T, °C -30 -26 -20 -15 -4 
k0"10 -4, s -z 0.9 1.5 3.6 7.5 8.3 

lg ko= (9.64:/=i.90) -- ( i 5 . i 8 : i : i . 3 8 ) / 0 ,  

with Q : 9.6-RT (kJ/mol). 

The activation parameters in CH3CN were close to those found in CH2CI2:IogA = 9.17 and 
E = 58.9 ± 7.5 kJ/mol [8] and logA = 10.50 ± 0.61 and E = 64.7 ± 3.0 kJ/mol [9]. 

The reaction of 2 with 1 was studied for [i]0 >> [2]o. When excess 1 was present, con- 
sumption of 2 was by a pseudo-first-order rule with effective rate constant kef (see Fig. 2). 
The increase in ozonide consumption rate in the presence of phosphite was due to the fact 
that decomposition of 2 competed with its reaction with i. According to Fig. 2, kef = 2.9- 
10 -3 s -l, and the second-order rate constant for the reaction of 2 with 1 was consequently 
k = 0.14 liter/mol.s (we assumed k 0 = 0.9.10 -4 s -z in making the calculations). 

The above examples show that the voltammetric method can be used to study the reaction 
kinetics of phosphite ozonides. 

The authors wish to thank V. D. Komissarov for his help in discussing the results. 
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