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SUMMARY 

Pyrolysis of more than forty alkylbenzenes was studied and the qualitative and 
quantitative compositions of the degradation products determined. Pyrolysis was per- 
formi=d in a tubular flow reactor with a gold capillary at 595”. A strong relationship 
between structure and pyrolysate composition exists even in the case of very closely 
related isomers. From the results obtained the degradation mechanisms were estab- 
lished for alkylbenzenes. 

INTRODUCTION 

Our previous paper on the thermal degradation of alkylbenzenes dealt with 
the identification of alkylbenzenes using light pyrolysis products’. It was shown that 
the degradation products arising from different degradation mechanisms permit the 
unambiguous identification of all the investigated compounds, even in the case of 
very closely related isomers. 

To establish the mechanisms of the thermal degradation of alkylbenzenes, it is 
necessary to have more information about the pyrolysate composition than is obtain- 
able through the analysis of the light fraction of the pyrolysate. For these reasons the 
total composition of the pyrolysis products was determined. The mechanism of 
thermal degradation of alkylbenzenes in the vapour phase in relation to substituent 
size, structure and position for more than forty mono- and polysubstituted alkyl- 
benzenes was studied. The results obtained are very interesting with a view to 
generally accepted opinions about the cleavage of the lateral chains in alkylbenzenes. 

EXPERIMENTAL 

A tubular flow microreactor with a gold capillary 1119 mm long and 1.2 mm 
I.D. was used following Cramers and Keulemansz. A digital voltmeter and a chromel/ 
alumel thermocouple were used for measuring the reactor temperature. The thermo- 
.._--_-_ 

* Part of Doctoral Thesis. 
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couple was placed in the core of the reactor. The pyrolyser was connected directly to 
the gas chromatograph. 

A Becker Model 1452 DPF gas chromatograph with flame ionization detector 
was used (Becker, Delft, The Netherlands). 

The light pyrolysis products were analysed in a micropacked glass column 
using phenyl isocyanate on Porasil C as described earlier’, but heavier products up to 
twelve carbon atoms were analysed in a glass capillary column (25.5 m x 0.50 mm 
I.D.) with silicone rubber GE SE-30. 

A Model CRS 11 HB digital readout system (Infotronics, Boulder, Colo., 
U.S.A.) was used for quantitative interpretation of the chromatograms obtained. A 
correction factor for peak areas, as described by Dietz3, was used only for gases and 
benzene. For all other compounds the peak areas were not corrected, as the flame 
ionization detector responses to higher hydrocarbons are very close, 

Samples were injected with a Hamilton I-@ syringe with a Chaney adaptor for 
reproducible injections (Hamilton, Reno, Nev., U.S.A.). Alkylbenzene samples were 
API standard samples. 

Working conditions were as follows: reactor temperature, 595”; reaction time, 
20 set; helium carrier gas flow-rate, 1.47 ml/min; splitting ratio, 1:67; column 
temperature, 65 o ; sample size, 0.3 ~1. 

TABLE 1 

DEGREE OF CONVERSION OF THE ALKYLBENZENES INVESTIGATED 

Pyrolysis temperature, 595”; reaction time, 20 sec. 
____-.-~-------.----- --_-_-- _ __.... __- ._..... _._.. ____. 
Compound Cowersion Compound Cortversion 

(%) f%) .- _...... -------.--..-.. 
~onosubstituted 

-_-- . _..--____..- __... - ___-._. ----..--_-_____ 

Toluene 0.6 
Ethylbenzene 20.7 
n-Propylbenzene 49.1 
Isopropylbenzene 41.7 
n-Butylbenzene 49.6 
Isobutylbenzene 71.5 

Disubsfitrtted 
1,2-Dimethylbenzene 1.3 
1,3-Dimethylbenzene 0.7 
1 .CDimethylbenzene 0.8 
1-Methyl-2-Ethylbenzene 21.1 
I-Methyl-3-Ethylbenzene 10.9 
I-MethylA-Ethylbenzene 11.4 
1,2-Diethylbcnzene 27.8 
l,f-Diethylbenzene 19.7 
1 &Diethylbenzene 23.3 
l-Methyl-2-rr-propylbenzene 54.9 

Polysrrbstitured 
1.2,3-Trimethylbenzene 1.7 
1,2,4-Trimethylbenzcne 0.9 
1,3&Trimethylbenzcne 0.7 
1,3-Dimethyl-2-ethylbenzene 38.5 
1,2-Dimethyl-dethylbenzene 14.3 
1,2-Dimethyl-3-ethylbenzene 27.8 -_~_. _-- 

sec.-Butylbenzenc 74.3 
rert.-Butylbenzene 79.5 
n-Pcntylbenzene 56.7 
sec.-Pentylbenzene 74.4 
ferf.-Pentylbenzene 95.6 

l-Methyl-3-n-propylbenzene 42.1 
1 -Methyl4-n-propylbenzene 46.3 
I-Methyl-2Gopropylbenzene 47.9 
1 -Methyl-3-isopropylbenzene 36.2 
l-Methyl+isopropylbenzene 38.0 
l-Methyl-3-rert.-butylbenzene 50.7 
I-MethylA-zcrf.-butylbenzene 61.3 
1,3-Diisopropylbenzcne 58.4 
1 +Diisopropylbenzene 64.0 

1,3-DimethyW-ethylbenzene 26.4 
1,3-Dimethyl-5ethylbenzene 11.3 
1,4-Dimethyl-2-ethylbenzene 21.6 
1,3-Dimethyl-5terr.-butylbenzene 34.2 
1,2,3,4-Tetramethylhenzene 2.2 
1,2,3,STetramethylbenzene 1.8 ---._ 
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RESULTS 

On the basis of data on the composition of the pyrolysis products the alkyl- 
benzene conversion is established for the pyrolysis conditions described. The results 
are given in Table I. 

The pyrolysate components were identified by comparison of the retention 
times (tH) of pure components, using Kov&ts’ retention indices4, and by means of the 
linear relationship between boiling point (Tj,) and logarithm of the reduced retention 
time (log th). 

As there was only a very limited number of pure compounds for identification 
through comparison of tR values, for most identifications KovBts’ retention indices 
were used. The data obtained from the plot of boiling point vs. log 1; were also of 
great help. 

Only a few of the products obtained remained unidentified. In general, these 
compounds appear in small amounts. Their molecular weights are higher than those 
of the pyrolysed compound, which indicates that these products originate from second- 
ary reactions. Only in two cases were the unidentified compounds the main degrada- 
tion products, i.e. 1 ,Zdiethylbenzene and 1,3-dimethyl-2-ethylbenzene. 

All results obtained are the average values of three or more measurements. 
Repeatability of the results for rz-propylbenzene pyrolysis is shown in Table II. 

TABLE II 

REPEATABILITY OF CRACKING PATTERNS FOR n-PROPYLBENZENE PYROLYSATES 

compom??lt Gas. %I. 1%) --._---_ 
Gil.5Z-S fO.033 kO.39 
Benzene 0.029 1.67 
Toluene 0.098 1.34 
Ethylbenzcne 0.029 1.27 
Styrene 0.055 0.21 
Isopropylbenzene. ’ 0.029 0.87 
Allylbenzene 0.000 0.00 
n-Propylbenzene 0.246 0.48 
a-Methylstyrene 0.048 0.96 
m=Methylstyrcne 0.000 0.00 
Isobutylbcnzene 
sec.-Butylbenzene 0.029 0.16 

Isoallylbenzene 0.029 1.75 
Indene 0.000 0.00 

Tables III-V show the pyrolysis products of all the alkylbenzenes investigated. 
The amounts are given in weight percents. “Trace” means that the component as 
found is present at less than 0.1%. A question mark denotes doubtful identification. 

DISCUSSION 

As with other organic molecules the thermal degradation of alkylbenzenes fol- 
lows a free radical mechanism, as determined by Rice and coworkers5-7. This theory 
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TABLE III 
COMPOSITION OF MONOSUBSTITUTED ALKYLBENZENE PYROLYSATES 
-.- .-___-...__--___ ~_.----._--_.- -____ - 
Component 

_______ ____. -_ . . . .._... __ ..- 
Methane 
Ethane 
Ethene 
Propene 
Benzene 
Toluene 
Ethylbenzene 
Styrene 
Isopropylbenzene 
Allylbeazene 
rr-Propylbenzene 
a-Methylstyrene 
m-Methylstyrene 
Isobutylbenzcne 1 
sec.-Butylbenzene j 
Isoallylbenzene 
Indene 
1 &Diethylbenzene 
? 

Toluene Ethylbenzene n-Propyfbcnzene Isopropylbenzene 
__ _______..-.-. __ 

I % Z % Z % Z % .__- _. .__. _.... .- ._. _-- .-.. _.. - -_---.-.--~ ._._- -_._ 
16.7 2.7 

1.2 
1.4 

8.2 
1.7 
6.6 
0.6 
3.6 

14.9 
4.8 

53.7 
0.6 
0.4 

6.8 
0.4 
0.5 
1.7 
6.7 
1.7 
8.9 

27.8 

654.8 83.3 654.8 
757.5 

874.7 
910.0 

938.1 

1035.6 

12.0 654.8 
9.6 757.6 

849.0 
62.3 874.6 

2.4 910.1 
929.3 

3.3 
963.3 
972.7 

993.0 

1004.2 
1016.8 

5.1 

1.1 
1.2 

0.4 

1.8 
0.4 

654.8 
757.6 
849.1 
874.6 

963.1 

1004.2 
1017.0 

1036.7 

43.3 

1.0 
0.2 

1.0 
----.-.- . . .._ -. - ..--- - ..-.--_~---.--- --- 
n-ButyCbenzenc Zsobutylbenzene sec.-Butylbenzene tert.-Butylbenzenc 
-_--__ --.-__-_ _... -._ ----._-_- -- 
Z % Z % Z % Z % 

Methane 
Ethane 
Ethene 
Propane 
Propcne 
1-Butene . 
Isobutene 
Benzene 
Toluene 
Ethylbenzcne 
Styrene 
Isopropylbenzene 
Allylbenzene 
n-Propylbenzene 
a-Methylstyrene 
m-Methylstyrene 
Isobutylbenzene 
sec.-Butylbenzene > 
Isoaliylbenzene 
Indene 
p-Mcthylallylbenzene 
1,3-Diethyibenzene? 
1,4_Diethylbenzene? 
a-Ethylstyrene 
a,/%Dimethylstyrene? 
1,2-Dihydronaphthalene? 
Tetralin? ,’ 
Naphthalene? 

1115.0 
1119.4 1 l-5 ;;;;:I: ) 1.3 

1139.4 0.4 

654.8 
757.7 
849. i 
874.4 
910.1 

11.9 
14.8 
3.1 
2.4 
5.2 
3.2 

963.1 34.7 

1004.2 2.2 
1016.9 0.5 

1036.7 0.7 
1058.4 2.7 
1090.7 trace 
1114.4 0.7 
1119.8 0.8 

12.0 
1.1 
0.8 

3.2 

3.4 
3.9 

15.0 
0.2 
6.2 

654.8 3.6 
757.7 17.9 
849.1 3.5 
87404 39.7 
910,l 0.2 
929.3 2.2 
938.1 2.4 
963.1 0.2 

993.1 1.0 

1004.2 0.2 
101609 0.4 

654.8 
757.6 
849.1 
8’74.8 
910.1 

5.5 
0.1 
1.6 
0.8 

17.0 
0.2 
2.4 
8.6 654.8 

24.8 757.7 
5.3 849.1 
9.5 874.4 
0.2 910.1 

929.3 

963.1 3.9 963.2 
972.7 3.1 972.7 

1004.2 12.1 1004.2 
1016.8 2.0 1017.0 
1022.4 trace 

1058.4 1.4 

6.5 
3.0 
8.9 
1.0 
1.6 

4.2 
1.3 
7.5 

25.7 
3.1 
0.5 

21.1 
1.5 

4.5 
1.2 
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TABLE 111 (contirtued) 
-_- .- __.. - .-.- _ . ..-. ..- _ - ._- ..-. ._--___..-_-_-__ ___ __.. -- 
Componerr! n-Pcntyfbenzcrre sec.-Pcttty/benzene terl.-Pcrttylbcrtzer~e 

..-_ .-.-.. .-. _ 
I % 

Methane 
Ethane 
Ethene 
Propane 
Propene 
I-Butene 
Isobutenc 
Benzene 
Toluene 
Ethylbenzene 
Styrenc 
Isopropylbenzene 
Allylbenzcne 
n-Propylbenzene 
a-Methylstyrene 
tert.-Butylbenzenc 
Isobutylbenzene 1 
sec.-Butylbcnzene j 
Isoallylbenzenc 
I ndene 
1,4-Diethylbcnzene? 
&Ethylstyrene 
a$-Dimethylstyrene? 
1,2-Dibydronaphthalcne? 
Tetralin? 
Naphthalcne? 
..-. - ._... -_.. . ..~.. ..__.. 

654.8 
757.7 
849.0 
874.2 

929.3 
938.1 
963.1 

1004.2 
1017.1 

4.4 
1.7 

20.7 

3.1 
3.9 

2.5 
15.0 
4.8 

37.9 

3.0 
0.7 
1.1 

0.5 
0.7 

654.8 3.7 
757.7 0.9 
849.0 6.8 
874.2 32.1 
910.0 2.8 
929.3 0.9 

963. I 17.1 

993. I 1.9 

1004. I 2.0 
1017.0 0.7 
1036.7 0.1 
1058.2 0.1 

I1 14.2 
1119.8 
1139.4 

0.8 

0.3 

5.1 
2.2 

16.1 
0.4 
5.8 
0.2 

654.8 
757.6 
849. I 
874.7 
910.1 

I.3 
6.6 
1.5 
1.7 
6.5 
5.0 

938.1 0.1 
963.2 41.3 
975.4 2.7 

993.0 

1004.2 
1016.9 
1036.7 
1058.7 
1090.7 
I1 14.8 
1119.7 > 
1139.4 

0.2 

1.6 
0.6 
0.5 
2.1 
0.2 

3.1 

0.7 

5.1 
4.2 

12.4 
1.3 
I.3 

._. _ . ____- ._--- -__- ..--._--.---.. --. _ . .._ _-___-. 

assumes an approximately first order kinetics and provides a few rules for the predic- 
tion of product distribution. 

Reaction gas chromatography permits an improved accuracy in determining 
reaction rates and is more reliable as regards the nature of the products than the clas- 
sical methods. However, our investigations have shown that it is very important to 
have available, if possible, the qualitative and quantitative analysis of total volatile 
degradation products. Thus our previous paper’ contained other conclusions on the 
degradation mechanism of particular alkylbenzenes because it was based only on the 
gaseous hydrocarbon content of the pyrolysate. The present study is, however, made 
on the basis of the composition of the total volatile part of the pyrolysate. 

Of the monosubstituted alkylbenzenes, toluene is thermally the most stable and 
its conversion at working conditions was very low. In the case of ethylbenzene, the 
dehydrogenation process occurs to a much higher degree than does C-C bond cleav- 
age. For alkylbenzenes with a straight lateral chain longer than ethyl, the preferred 
degradation reaction is the cleavage of the bond y to the phenyl double bond. 
Accordingly, the main product of n-propylbenzene pyrolysate is styrene. Quite oppd- 
site to expectations was the reaction of the C-C bond, breaking in the position j3 to 
the phenyl double bond. In this case toluene has to be present in larger amounts. The 
amounts of styrene and methane in jr-propylbenzene pyrolysate are equimolar. 
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0 -CH2-CH2-CH3! + a--CH,-CH2- + *CH3 
m-CH,-CH,- + l cH, --t @-CH=CH, + CH‘, 

The same result regarding the position of the C-C bond which preferably 
undergoes degradation is found for n-butylbenzene, n-pentylbenzene and sec.-pentyl- 
benzene. The main degradation product of these monosubstituted alkylbenzenes was 
styrene. These observations are in agreement with the results of the pyrolysis of 
dodecylbenzene published by Dergee, who also found styrene as the main product in 
the pyrolysate. 

Alkylbenzenes with the lateral group connected to a phenyl group through a 
tertiary carbon atom follow different paths of degradation than alkylbenzenes with 
normal chain substituents. 

Degradation of isopropylbenzene gives equimolar amounts of styrene and 
ethylbenzene, on one side and a-methylstyrene on the other. Evidently, cleavage of the 
C-C bond in the position #I is present. Both processes, the breaking of C-C bonds and 
the dehydrogenation, are of the same intensity. Due to the lower strength of the C-C 
bond between the phenyl group and the tertiary carbon atom, benzene is found as the 
degradation product. 

Breaking of the C-C bond in the position p to the phenyl double bond occurred 
also in the case of isobutylbenzene degradation. The next reactions, of equal intensity, 
are the breaking of the C-C bond in the position cc to the phenyl group, and cleavage 
of a methyl group from the tertiary carbon atom. The last reaction gives isoallyl- 
benzene : 

0-CH2-yH-CH3 ---f 0-CHsCH-CH3 + *CH3 . 

CH3 .j+R- 

0-CH=CH-CH3 + RH 

The main degradation product resulting from the pyrolysis of sec.-butyl- 
benzene is styrene: 

0-CH-CH2-CH3 --f 0-yH* + l CH2--CH3 

LH, 

0 -::‘+R; H 

GH, 

This reaction is followed by a y-bond cleavage, as indicated by the appearance 
of a-methylstyrene. The molar ratio of these two products is 1 :0.60. 

Degradation of terf.-butylbenzene and tert.-pentylbenzene develops as follows: 

CH3 CH3 

0-&CH3 + 0-C!* + l H3 

&E-I, &H, 

,bH+ R’ 
3 

0-k + RI-I 

&H, 
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and, as indicated, gives a-methylstyrene as the main degradation product. The C-C 
bond between a quaternary carbon and a phenyl group is weaker, thus resulting in a 
quite remarkable amount of benzene in the degradation products. 

In the case of dialkylbenzenes the most stable are xylenes. The small amount of 
toluene appears as the degradation product. 

Methylethylbenzenes are subject to a strong dehydrogenation process and 
produce methylstyrene isomers. The nteta and para isomers of methylethylbenzene 
give nearly the same amount of methylstyrene products, while the ortho isomer gives 
about 25 o/0 less o-methylstyrene isomer. The difference in the degradation mechanism 
of methylethylbenzenes becomes evident through the presence of a cyclic product in 
the pyrolysate of the ortho isomer. This is indene, whose origin could be explained by 
an easier transfer reaction in the case of substituents in neighbouring positions. 

A more complicated degradation mechanism is found for diethylbenzenes. 
Isomers of nz- and p-diethylbenzene show a characteristic and marked dehydrogena- 
tion of one ethyl group, resulting in m- and p-ethylstyrenes. The cleavage of the 
methyl or ethyl group is more pronounced in the meta isomer. o-Diethylbenzene has 
a different degradation path. Its main degradation product is certainly l-methyl- 
indane, based on retention index (I g$r3’ = 1053.5) and boiling point value (T,, = 
187“). 

Very strong cleavage in the position y to the phenyl double bond is found as 
well as hydrogen transfer for m- and p-methyl-n-propylbenzenes. The degradation 
products contain equimolar amounts of methane and m- and p-methylstyrenes. The 
characteristic behaviour of the ortho isomer in producing o-xylene and ethylene could 
be explained by C-C bond cleavage in the propyl substituent /3 to the phenyl group. 
All three isomers give small and identical amounts of methylisoallylbenzene isomers. 

Very pronounced degradation of /II- and p-methylisopropylbenzenes results in 
methyl-a-methylstyrenes as distinctive degradation products : 

=Y 

H3C --a C* +H’ 

=‘43., 

I 

+I?’ 

Ha’= 

--a- 

i”’ 

c 
Cl-l3 

+ RH 

This type of dialkylbenzene also shows a different behaviour of the ortho isomer, 
forming o-methylethylbenzene and styrene in equivalent amounts. 

We have investigated two methyl-tert.-butylbenzene isomers only. They have 
closely related degradation mechanisms. The main process is the splitting off of 
a methyl group in the tert.-butyl substituent, giving m- and p-methyl-a-methyl- 
styrenes. 
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CH3 
. 

H3C -o- i;CH3 - H3C 
-0 

C-Cl-l3 
I 

4 ‘CH3 

m3 

1 + R' 

H3C c-a-I2 + RH 

I 
CW3 

Since in the molecule of these compounds the C-C bond between the phenyl 
and lert.-butyl groups is very weak, they further degradate resulting in the formation 
of toluene. 

-o- CH3 

H3C c 
. 

h 

=CH2 - H3C 

H3 

1 + H' 

Toluene and isobutene are present in equimolar concentrations. 
Diisopropylbenzenes are relatively large molecules and undergo extensive 

degradation. The main degradation products found in the pyrolysate are vinyl-a- 
methylstyrene and isopropylstyrene. Methyl group splitting in the isopropyl substi- 
tuents is extensive and is the cause of the formation of diethylbenzenes. 

Trisubstituted benzenes generally show a higher degree of conversion than di- 
substituted ones. A simpler degradation mechanism includes the cleavage of methyl 
groups from phenyl. In the case of 1,2,3-isomers, o-xylene is the main degradation 
product, thus suggesting the cleavage of substituents in positions 1 or 3. A different 
situation arises in the case of 1,2,4-isomers, the degradation products of which contain 
1,3- and 1,4-dimethylbenzenes and only a small amount of o-xylene. 

With the exception of 1,3-dimethyl-2-ethylbenzene, all dimethylethylbenzene 
pyrolysates contain unsaturated derivatives; this can be explained by a dehydrogena- 
tion reaction of the ethyl substituent. 

H3C CH2 -CH3 CH2 -CH; 4 H’ 

H3C 

L + R’ 

H3C CH=CH2 

4 RI-I 

H3C 
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The subsequent reaction is cleavage of a methyl group from the benzene ring, 
resulting in a variety of components containing methyl and ethyl or methyl and vinyl 
groups. 

As already mentioned, 1.3-dimethyl-2-ethylbenzene behaves in a different 
way. The degree of conversion is higher and the main degradation product is thought 
to be 2-methylindane. (Since the pure substance, or other reliable information, was 
lacking, identification waspossible only by means of boiling point and retention index.) 
A great difference is evident in the interaction between neighbouring groups when the 
ethyl group is placed between two methyl groups or when the ethyl group is in the 
neighbourhood of two methyl groups in ortlto position. 

Cleavage of the methyl group from the benzene ring also occurs in the degrada- 
tion of I ,3-dimethyl-2-ethylbenzene, as with other dimethylethylbenzene isomers. It 
is interesting also to point out the distinctive variety of degradation products in the 
case of 1,3-dimethyl-2-ethylbenzene in contrast with other dimethylethylbenzene 
isomers. 

The mechanism of the very intensive degradation of 1,3-dimethyl-5-tert.- 
butylbenzene can be explained as follows: 

Cl-f3 CH3 

V 
I I 

H3C 0 
C-CH3 ’ + ‘C-Cl43 
I I 

CH3 a3 

CH3 
+ R’ 

1 
+ l-l’ 

H3C 
P 
C-CH 
I 

3 + RH 

CH3 

The amounts of m-xylene and isobutene evolved are equimolar. Some higher- 
molecular-weight compounds are found amongst the degradation products; these are 
very probably unsaturated and cyclic compounds derived from the parent molecule. 

Only two tetrasubstituted methylbenzenes, i.e. 1,2,3,4- and 1,2,3,5-tetramethyl- 
benzene, were investigated. 1,2,4,.5-Tetramethylbenzene has a solid structure and is 
therefore inconvenient for pyrolysis in a flow microreactor. The degradation mecha- 
nism of 1,2,3,4_tetramethylbenzene shows a tendency to form other isomers of tri- 
methylbenzenes, rather than the isomer with vicinal substitution, owing to the lower 
stability of the latter. 

1,2,4-Trimethylbenzene forms a great part of the degradation products of 
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1,2,3,5tetramethylbenzene and could evolve via two degradation processes : 

H3C CH3 

CH3 

CH3 

H3C CH3 

CY 

CH3 

H3C 

CH3 

C’43 

+ %H3 

About one third of the molecules are degraded by the splitting off of the methyl group 
in position 2, giving 1,3,5-trimethylbenzene. 

CONCLUSION 

Thermal degradation of alkylbenzenes with normal lateral chains shows a 
distinctive breaking of the C-C bond in the position y to the phenyl double bond. 
This differs from the generally accepted opinion that the C-C bond p to the phenyl 
double bond preferably undergoes cleavage. 

A branched lateral chain causes on the one hand splitting off of the whole 
substituent from the phenyl group and, on the other hand, splitting off of a methyl 
group from a tertiary carbon atom. This process is distinctly present in the case of 
quaternary carbon atoms in a lateral chain. 

Isomers of polysubstituted alkylbenzenes show typical behaviour in the case of 
vicinal substituents. A greater degree of degradation and a very complex pyrolysate 
composition is observed in the case of o-dialkylbenzenes, rather than in the case of 
the meta and para isomers. A lower thermal stability of polysubstituted alkylbenzenes 
with substituents in a vicinal position also results in their degradation into more stable 
isomers. 

ACKNOWLEDGEMENT 

The authors thank Professor A. I. M. Keulemans for his interest and encour- 
agement during this work. 

This work was supported by a Scientific Exchange Agreement (SEA) grant. 

REFERENCES 

1 V. Svob, D. Deur-Siftar and C. A. Cramers, Chromatograplria, 5 (1972) 540. 
2 C. A. Cramers and A. I. M. Keulcmans, J. Chromutogr. Scl., 5 (1967) 58. 
3 W. A. Dietz, J. Clrromatogr. Sci., 5 (1967) 68. 
4 V. bob and D. Dew-Siftar, J. Clrromatogr., 91 (1974) 677. 
5 F. 0. Rice, J. Amer. Clrem. Sot., 53 (1931) 1959. 
6 F. 0. Rice and E. Teller, J. Chem. Phys., 6 (1938) 489. 
7 A. Kossiakoff and F. 0. Rice, J. Amer. C/tern. Sot., 65 (1943) 590. 
8 K. Dcrge, Chcm. Z/s., Cltem. Appar., 91 (1967) 729. 


