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ThermaI decomposition of molten 6,6-bis-(4-methoxy~bonyl-but4’1)-1,2,4,5- 
tetraoxane has kinetic parameters similar to those of the other dialkyl peroxides: 

k = 5.8-lo’c 
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A similar behaviour has also been found for 6,6-his-(4-aminocaxbonyl-butyl)-1,2,4,5- 
tetraoxane dissolved in dimethylforrnamide: 

k = 3-1013 
( 

exp-F 
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In the absence of solvent this cyclic dimeric peroxide is uncommonly stable owing to 
the reIativeIy high mehing point. The increase in activation energy and frequency 
factor (compensation effect) at the decomposition in the absence of solvent is explained 
by the stabile aggregation of the amino derivative of tetraoxane in the crystalline 
state- 

The reaction heat of the exothermic decomposition reaction equals IO2 for the 
methoxy an4 96 F6 kcal mol’ r for the amino derivative. 

The measurements of rate constants and reaction heat were carried out by the 
method of differential enthalpic analysis. 

INTaODUCI-ION 

CycIic dimeric peroxides of the type tetraoxane RIVO-O* have been 
R/%-OAR4 

known for a Iong time’ *2 but the knowlcdgc of their properties is rather poorfq4. 
Provided symbols R represent substituents with a small number of atoms (e.g. 

R1 =R3=H, R2=Rls= CH3) the corresponding cyclic peroxides are unusually 
highly explosive, On the other hand, the cyclic dimeric peroxides with larger substi- 
tucnts are unusually stable up to the melting point of the substance which attains even 
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22OT for some derivatives. In most cases these data are quoted in the literature only 

as qualitative statements_ 
We have not been able to find any quantitative data concernins the kinetic 

parameters of the decomposition of 3,6-bis-(aIkyl)-1,2,4,5_tetraoxanes in the literature_ 

In the case of the concrete cyclic dimeric peroxide this circumstance is not too aston- 

ishing because the description of this peroxide has been known merely for a few 

years’. But astonishing is the fact that the kinetic characteristics of this decomposition 

reaction have not been measured more accurately even for other anaIogues of dimeric 

peroxides of the tetraoxane type which have been known for several years6. 

ExPERJMl3TAL 

A differential calorimeter, Perkin-EImer Model DSC-IB was used. This device 
was calibrated for the measurements of differential enthalpic analysis by means of the 
mdting point of anihracene (489 K). The melting point of anthracene agreed with the 

temperature axis of record only at a scanning speed of 4°C min- ’ or less. For higher 

scanning speeds we applied a correction, i.e. the difference between the measured 

melting point and its real vaIue. Isothermal curves were taken after the manuaI 

adjustment of a chosen temperature_ The sampIes of tetraoxane (1 ms) were seaIed in 

voIatiIe sample pans_ 

3,6-Bis(4methoxy carbon+butylf-1,2,4,5_tetraoxane and 3,6-bis(4_aminocar- 

bony&butyI)-I ,3,4,itetraoxane were prepared and purified according to ref_ 5, 

Ri2WLl-S A?.ZD DISCUSSIOX 

Heating of studied tetraoxanes 

leads to the exothermic decomposition (heat of decomposition: 102 kcal mol-’ for A: 

96 2 6 kcal mol- ’ for B) as shown in Fi g_ I_ The temperature of initial decomposition 

of tetraoxane A is approx. 40°C lower than that of tetraoxane B. This is evidently due 
to the melting of tetraoxane A (AH, = 10.3 f03 kc-al mol- ‘) which takes place before 

decomposition_ Besides the initial decomposition temperatures shift, it is worth to 

notice the remarkably different shape of the DSC curves. 

From the differential enthalpic c-es we aiso determined the rate constants for 

corresponding temperatures as well as the supposed first order of reaction according 

to the procedure described by Barret’. The dependence of decomposition rate constant 



57 

m!.% 

10 t 

A- 
l 

I 
i 

0: 

-T L 
34cl 

Fig. 1. Differential enthalpic curves of tetraoxane A and B at a heating rate of 8 ‘C min- I. 
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Fig. 2. Dependence of thermal decomposition rate constant &x-~) of 3,6-biscS_methoxyurbonyl- 
bntyl)-I,&%,5 tetraoxane on the reciprocz.4 temperature for five independent mezsurements. 

of tetraoxane A (Fig. 2) on the temperature 

k= 5.8 - lo’& (see--‘) 

has very similar kinetic parameters with those of other zIkyIperoxides*. The obtained 

vahzes of rate constants for the exothermic decomposition reaction ol’ tetraoxane B 

give in the Arrhenins coordinates unusually high values of both activation ener_q 

(170 kcal mol- ‘) and frequency factor (log A = 74.8 set- ‘) (Fig. 3). 
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Fis 3_ Rate constats (see- ‘1 of the decomposition of tetraoxane B ca!cuiated from differentkd 
cnthaIpic measurements at different he&kg rates (sasnple 1 mg)_ 0 A 4°C min- ‘; 00 8°C min- ‘; 
x@ 16”Cmin-‘; 8e 32’Cmin-‘_ 

The high values of activation energy as weti as frequency factor might be 
interpreted as a resuIt of the decomposition reaction of tetraoxane B in solid state. 
The decomposition reaction can take place only if an activated compIex comes into 
existence which means that n particIes of matrix must be transported and pass the 
energetic barrier V. In such a case the subsequent reIationship was proposed9 for the 
rate constant of the reaction 

k = 10” exp(y)exp(- T) (set-‘) 

where AS, is the entropy of the formation of the rotation isomer of decomposing 
molecule or a molecule of medium_ 

If we assume for rotation barrier of isomer formation a value of 4.5 kcal mol- I, 
then AS, has a vaIue of approx. 10 entropic units ad nf30. 

The soIubiIity of tetraoxane B in organic soIvents is very small. The best results 

were reIativeIy obtained with dimethylformamide- But in this case too, a higher degree 
of soIubiIity is achieved only at an increased temperature_ Therefore we weighed 
tetraoxane B (0.7 mg) and dimethylformamide (Z-8 mg) directly in a measuring gas- 
tight capsule which could be closed. During heating an endothermic deffection 
appeared f%stIy_ This effect is due to the partial evaporation of dimethyl formamide 
and the dissoIution of tetraoxane B. 

The initial temperature of decomposition is in the temperature range of tetra- 
oxane A decomposition_ AIso the activation energy (33 kcal mol- ‘) as weIl as the 
frequency factor (3- lOI XX-‘) are similar (Fig. 4). Under the experimental condi- 
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tions used (20% sohtion of tetraoxane B in dimethylformamide) the part of non- 
dissolved peroxide decomposes at a higher temperature and with higher Arrhenius 
parameters. These high values are doubtless due to the decomposition which has 
already taken place in the solid phase. 

Fig. 4. FCSC consli~nf~ of the decomposition of tctraoxane B in the presc.nm of dimethylforrnamidt as 
a function of temperature in ArrherGs coordinates (0.7 mg of tetrwxane B and 28 mg of dimethyl- 
formamide in a gas5ght closed capsulej. Two independent mcasumnents are marked_ 

Decompositiorz under isothermal conditions 

Keeping tetraoxane B at a constant temperature results in an autocatalytic 
decomposition of this cyclic peroxide (Fig. 5). The time necessaq to reach the maxi- 
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Fig 5, Isotherms of the decomposition of tctraoxane B at Merent temperatures. I = 475 K; 
2=468K;3=463K. 

mum rate of reaction a~ well as the maximum rate of decomposition shows a temper- 
ature dependence (Fig_ 6)_ The apparent activation of the decomposition process 
varies in the proximity of 50+5 kcal mol-’ which is a considerably lower value than 
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F& 6_ Arrhenius relationship between the maximum rate of decomposition (V-3 and the reciprocal 
v&xe of the time neccssarq to attain maximum rate (Iis,, .) for isothermal decomposition of tctra- 
oxane B at different tempemturcs. 

we found by DEA measurements. Before discussing this apparent paradox we shall 
pay attention to the autocatalytic process itself of the decomposition. One of the 
frequent causes of the acceleration of the decomposition reaction of orgh-iic solid 
substances is often a _gaduai Iiquefaction of the reaction medium by decomposition 
products_ In this concrete case this may be excluded with fairiy high probability since 
the decomposition products formed do not melt below 600 K. Therefore it is more 
Iikeiy that the cause of autocatalysis at the decomposition of tetraoxane B lies in a 
gadual increase in the size of reaction nuclei (defects in crystal lattice). As it follows 
from the exponent a in the relationship” 

a = kf 

where z is the degree of conversion of decomposition reaction at the moment t while 
k and a are constants, the growth of reaction nucIei proceeds in three dimensions- 
The formation of new reaction nucIei during the reaction is of reIatively small impor- 
tance because of the values of exponent a and this factor decreases with decreasing 
temperature 

Temperature (K) 463 465 468 472 475 
a 3-u 3.0 2.8 3.6 3.4 

We shall atso pay attention to the problem why the v&e of apparent activation 
ener,? of the decomposition reaction found by isothermal measurements is always 
Iower than that found by differential enthalpic measurements. From the experimental 
point of view the differences are due to the higher temperature of decomposition at 
DEA measurements as compared with the decomposition under isothermal condi- 
tions. This fact brings about different rates of the production of new reaction nuclei 
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as we11 as their growth. In view of the mechanism of individual processes it may be 

assumed that the activation energy of the production of reaction nuclei must be 
higher than the activation energy of the decomposition reaction in a defective centre 

of crystal. Then it fohows that the isothermal decomposition takes place mainly in 
the original defects whiIe the newiy formed defective centres of crystai pIay an impor- 

tant part in the decomposition process at DEA measurements. The presence of the 
reaction nuclei in tetraoxane B is also indicated by the immeasurable induction of 

decomposition as well as by the values of exponent a. 
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