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AMTRACT 

The influence of 15 different trioctyl methyl emnoniun salts on thermal 

deccwrlposition of dlbenzoyl peroxide and the influence of trioctyl methyl 

amonim chloride on 4 other types of initiators was studied by differential 

scanning calorimetry. The studied salts decreased the deconpositfon twerature 

and the enthalpy of decomposition. The degree of the influence of these salts 

depended on the sterfcal hindrance of the initiators, on their ability to form 

anions and on the properties of the anion of the trfoctyl methyl amonfun 

salts. 

INTRMUCTION 

Besides in two-phase systems, quaternary anmonfum salts had a definite 

influence on the polymerization of vinyl monomers in one-phase systems as well. 

Such an influence was observed in solution /l/ as well as in bulk systems /2-5/ 

with mathylmetacrylate monomer and dfbenzoyl peroxide (DBPO) as the initiator. 

These polymerization studies /l-5/ were perfomad around 50% only. 

Since the kinetic parameters of the thermal deconpositfon of some 

polymerization initiators were already determined by differential scanning 

calorimetry (DSC) /IS/, this method was used in this work as well in the opinion 

to clarify the influence of same quatemary anmonfun salts on the themal 

deconpositfon qf some polymerization initiators. 

Dibenzoyl peroxide (DBW), dilauroyl peroxide [L202), and 22’9 

azoisobutyronitrile (AI&J) were recryst&llized from ethanol. t-my1 

perbenzoate (t&B), and dfcunyl peroxide (diCf.lP) were used as received. 

Trfoctyl methyl amonfun chloride ITcWlCl) was purf ffed, while other trioctyl 

methyl mhmfun salts [ TUWIX; X indfcatfng the corresponding anion) were 

prepared as described elstiere /7/. 
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The solutions of the initiators and TWX in dfmethyl phthalate in the 

molar ratio 1 :l, in some experiments with TWICI also 1:2, were heated in a 

differential scanning calorimeter DSC 7, Perkin Elmer, in the temperature 

interval of 30 to 200°C with the rate of 10 K/min. From DSC curves, the 

starting temperatures, the ten;peratures of maximum decqosftion rates, the 

temperatures of the end of reaction as well as the decomposition enthalpies 

were calculated. 

RESUJS AN) DISCUSSItW 

In Tab. 1 the starting temperatures, the temperatures of maximum 

decomposition rates (peak temperatures), the temperatures of the end of 

decoposition as well as the decovosftion enthalpies as calculated from DSC 

curves, for some DfIPO-TWX combinations in conparfson to DBPO alone are given. 

The salts are arranged in order of decreasing peak temperatures. 

Table 1: Characteristic ckxxqosftfm twratures of LW4I fn the presence of 

different JWU. Molar ratio DtFO: J(EIyIx = 1:l 

Anion [x-l Start Peak End AH 
f"C) (OCl f"C) (J/g) 

67 136 168 - 1682 

Tetrachlorozincate 67 133 155 - 1585 

4-toluenesul fonate 83 132 150 - 1215 

Methanesulfonate 79 129 152 - 1361 

Trifluoroacetate 77 125 150 - 1428 

Ofchromate 71 124 144 - 1345 

Eenzoate 60 120 144 - 1430 

Perchlorate 75 116 136 - 1377 

2,4-dfchlorobenzoate 74 115 143 - 1382 

Acetate 64 116 140 - 657 

Fluoride 82 113 138 - 622 

Trifluoromethanesulfonate 65 110 118 - 1251 

2-metoxybenzoate 64 108 141 - 1276 

Bromide 37 105 167 - 1745 

Chloride 37 70 108 - 893 

I-methylbenzoate 37 69 93 - 120 

----------------------------~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~____________ 
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All the tested quaternary amnoniun salts decreased the peak tewerature of 

DBPO decomposition. 

The efficiency of different TWX was as follows. Tetrachlorozincate, 

4-toluene-sulfonate and methanesulfonate did not decrease much the peak 

temperature conpared to DBPO alone. More efficient were trf fluoroacetate, 

benzoate and acetate. The latter is characterised also by a low a H. Among 

substituted benzoates, 2,&dichlorobenzoate was slightly more efficient than 

benzoate, whereas 2-metoxybenzoate and especially 2-methylbenzoate decreased 

the peak temperature considerable. The efficiency of halogen was in the 

order: Cl > Br > F. Chloride and fluoride gave rise to low AH. 

In all systems the decomposition of the initiators proceeded in a broad 

temperature interval. Above approx. 150°C the TOM4 Cations started to decompose 

and therefore the end of the decomposition reaction of initiators was hardly to 

define exactly. The only exception was the decomposition of DBPO in the 

presence of TOM trifluoromethanesulfonate which decomposed in a well defined 

interval of 53V with a sharp ending transition. 

The influence of TOt44Cl on other initiators was different. The temperatures 

of decowosition of diCUP and AIBN were only slightly affected by TOKACl. 

Greater influence was found in the case of tBPB, cf. Tab. 2. Especially 

interesting was the influence of TWX1 on the decqosition of L202, Fig. 1. 

Table 2: The influence of TtWICl on charecteristfc decmpositim tenperetUn3S 

of different initiators 

--___-_-__- B-------m 

Inf tiator: 7IWlfX Start Peek End AH 
("Cl f”Cl (OC) 548 

VP_- _-_-_-- --- 

AIBN l:o 70 123 141 - 1232 

1:l 83 121 142 - 1121 

diCUP l:o 140 175 187 - 716 

1:l 97 170 188 - 891 

tBPB l:o 117 172 200’ - 1701 

1:l 97 146 163 - 1165 

L2°2 l:o 61 116 159 - 882 

1:l 63 78;m 127 - 587 

1:2 57 1p;lcJZ 119 - 495 

DBPO l:o 70 137 165 - 1682 

1:l 37 70 108 - 893 

1:2 37 71 102 - 469 
__________________________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



Fig.1.: Courses of polymerization of iW4 in different solvents 

I_202 alone exhibits a melting peak at 46OC and a decMposf tion peak at 

llbaC. In the presence of TWACl two decomposition peaks can be seen. At the 

molar ratio of 1~1 the initiator decomposed with a smaller peak with a maximum 

at 78OC and a higher one at 102T. Changing the molar ratio of C2Q2 : ToMllCl to 

1:2 the intensity of the two decomposition peaks reversed and the peak 

tweratures were 70 and 102oC. respectively.Ati decreased with the increasing 

TOkUlCl amount. In the presence of TWKl the melting peak of L202 increased for 

5OC. The increase of the melting peak temperature was much more expressed in 

the case of AIBN. 

The influence of quaternary amnoniwn salts on the decqosftfon of the 

inftiators seems to be governed by the ability of the initiator molecules to 

solvate the s&t and by the ability to form anions. For this reason the 

sterfcally hindered initiators like dfCUP and AIEN can not be influenced in 

their decomposition temperature. Appreciable influence could be observed in the 

case of tBPB which is less hindered and is able to give at least one anion. 

Diacyl peroxides are strongly influenced, especially DBPO. L202 on the other 

hand is less influenced than DBPO and depending on molar ratio between 1202 and 

TCWlCj a stepwise effect was found. 

axuJsIoNs 

Quaternary amnonfum salts decrease the tenperture as well as the enthalpy of 

decomposition of polymerization initiators in the case that they are not 

sterically hfndered and that are able to form anions. The degree of influence 

depends on the relative affinity of the anions for the quaternary ammonium 

Cation as well. 
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