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’ SUMMARY

'I'he rate of reaction of o-, m- and p-toluldme with diphenyl sebacate was
determined under plug-flow gas chromatographic conditions. Owing to the large
excess of diphenyl sebacate, which acted simultaneously as the liquid phase, the
reaction is of pseudo-ﬁtst order. Velgcity consiants, Arrhenius parameters and
, aetlvation en.rgxes were calculated.

: INTRODUCI'ION

v Gas chromatography (GC).has been a particularly useful method for the study

of the kinetics and reactivities of chemical compounds, using two basic techniques.

" The simpler and more widely technique involves the periodic collection of samples
of a reaction mixture and their subsequent analysis in a gas chromatograph, while the
plug-flow GC.method involves carrying out both the chemical reaction and the ana-
lysis in the GC system. Plug-flow GC is most often used in the study of heterogeneous
catalytic reactions.

Few papers have been published on the study of the kmeucs of liquid-phase
reactions by this method. The first time this direct method was used for the study of
the kinetics of liguid-phase reactions was in 1961 by Gil-Av and Herzberg-Minzly in
investigations of the reaction of dienes with chloromaleic anhydride!. Berezkin and

_co-workers studied the esterification of alcohols? and the reactions of maleic anhydride
with dienes®*,

b _In this work, an attempt ‘has been made to use plug-ﬁow GC for the charac-

’tenzanon of irreversible polycondenzatlon reactions. In recent years, considerable
'mterest has arisen in the mechanisms and physico-chemical aspects of polyconden-
sation reactions, owing to. mcreased -applications of irreversible polycondensation

- reactions in which the so-called active esters of carboxylic acids are used as source

- matefials. Active esters are widely used for the synthesis of peptides by the methods

-of. Wlelana et al.® and Schwyzer et al S, and mclude pheny] thlophenyl and mtrophenyl

: =sters of czzboxyhc acids..

: In thls paper are given results on the kmet:cs of lrreversxble polycondensatlon
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: reactlons based on model compounds, obtamed by pIuG-ﬂOW GC Dlphenyl sebacate- :
was used as: the actwe 'monomer in these reactxons R A ) )

7EXPER1MENTAL

An expermlental chromatograph (Specxal Constructxon Bureau of the Estoman»

. Academy of Sciences) equipped with a flame ionization detector was used, with a_

stainless-steel column (2 m X 4 mm 1.D.). Chromaton N, AW-DMCS (0: 20-0.25 mm) -
(Lachema, Brno, Czechoslovakia) was used as the solid carrier, on which 7% diphenyl
sebacate (10 cm) and 7%, Apiczon L (190 cm) were coated. The volatile reactant o-,
m- or p-toluidine together with the standard (diisoamyl ether) entered the reacto;
column as a plug. Different degrees of conversion of the amines were obtained by
varying the rate of flow. The contact time of the reactants was determined by the
difference between the retention time of the amine and the dead time of the reactor
column. The dependence of the reaction rate on contact time was measured at 92°
arnd the temperature dependence of the reaction rate was determmed over the range

82.5-115°.

RESULTS

Chromatograms of the toluidines are shown in Fig. 1. As a result of the chro-
matographic conditions used, with a large excess of diphenyl sebacate, its reaction
with the toluidines is of pseudo-first order (Fig. 2) and can be represented by the
equation k,f... = In(C,/C), where ?_,, is the contact time of the amine in the dlphenyl
sebacate liquid phase.

. ~As the volume of the volatile reactant in'GCis proportlonal to the peak area,
it is convenient to determine the concentration change by the internal standard
method. In this instance, equation k,7... = 2.3 log (5/S.)0/(S/S.). applies, where

P-2oluidine . ccluidine ' o-toiuidine 3
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Fig 1. Chromatograms of o-, m- and p—tolmdme a&er passmg th:ough the reactor co!umn at’ 92" 2
1 = Diisoamyl ether; 2 phenol (razcnon prcduct), 3 =amine. - .
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Fig. 2. Plot of log (S/S..), against contact time at 92°. A, o-Toluidine; @, m-toluidine, X, p-toluidine.
Fig. 3. Dependence of log &k, on 1/7. Symbols as in Fig. 2.

(S/S..) is the ratio of the peak area of the reacting compound to that of the standard
and (S/S;.) is the ratio of the same areas before the reaction.

The ester concentration in the chromatographic column remains practically
_constant as C,. Therefore, for the bimolecular reaction studied, the velocity constant
_is k, = k,/2 C,. The velocity constants were calculated with a computer and the con-

stants k, and %, and the correlation constants (X) are given in Table 1.

TABLE L

EXPERIMENTAL VALUES OF KINETIC PARAMETERS

Amme . Rate constants K log A E '
- kcallmol.

k- 1072 (min=Y) ks (kecallmole)
. (1{mole- min) .
o-Toluidine 2.59 0.244 0.9748 46 8.9
m-Toluidine 5.29 0.409% 0.9852 52 89

p-Toluidine 11.03 0.674 09852 7.2 119 °

As shown in Table I and Fig. 2, the toluidines with the methyl groups in
different positions differ in reactivity. The highest velocity constants were shown by
. p-toluidine, while o-toluidine reacted much slowly under identical conditions owing
" the steric hindrance. m-Toluidine had an intermediate reactivity. -

- ~ The temperature dependences of the velocity constants were used for calcu-
: Iatmg the activation energy of the reactions investigated. The dependence of log &,
on 1/T for the amidation reactions of diphenyl sebacate is illustrated in Fig. 3. The
_activation energies (E)} were calculated from the slopes of the curves, while the
© intercept on the ordinate at !/T -0.gave the Arrhenius parameters (4) (Table I).
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. ’I'he piuc-ﬁow GC method for Iunetnc studxes is; comparanvely rapxd and»
: requn-es only very. small amounis of substances, ana also unpunt!es are removed as
" the reactant moves along the column ‘ : SR

REFERENCFS

GiI-Av and Y. Hcrzberg-Mxnzly, Proe. C{tem~ Soc (1961) 316. ;

. G. Berezkin, V. S. Kruglikova and B. 1. Shiraeve, Tear Eksp.-Khim., 3 (1967) 553 T
. G. Berezkin, V. S. Kruglikova and N. A. Belikova, Dokl. Akad. Naak SSSR, 158 (1964) 182.
-E.. Mymk U. A. Kantschenko, V. G. Berezkin and N. P Mysak Kinet. Katal., 16 (1975) 257.

mM&uNu

R. Schwyzet, B Inselin and M Feurer, Hely. Ch:m Acia 38 (1955) 59, -



