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ABSTRACT. Choosing the direction of a kinetic experiment, the reaction  between tri-isobutylarsenite
and ethylene glycol has been studied under nonisothermal conditions. The reaction mixture contained
ethylene glycol  in excess and decane was used as a diluent. The observation of process development was
accomplished by volumetric method, distilling the by-product (isobutyl alcohol). The values of reaction
rate were determined by means of graphical differentiation of kinetic curve. Statistical analysis of
experimental results has shown that the most likely value for the activation energy of reaction under
mentioned conditions is 10800 J•mol -1. The kinetic equation used describes the experimental results
with satisfactory precision on the initial stages of reaction when, essentially, a partial transesterification
of arsenite by dialcohol takes place. © 2015 Bull. Georg. Natl. Acad. Sci.
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From all arsenic containing organic compounds
trialkylarsenites As(OR)3 are of the most practical
usage. They are easily subjected to purification with
physical methods; at the same time, the products of
their transformation are characterized with  high pu-
rity. Therefore, trialkylarsenites are successfully used
in production of  arsenic compounds with high pu-
rity [1]. For choosing of optimum conditions of prepa-
ration  it is necessary to estimate physical and chemi-
cal characteristics of esters of arsenious acid includ-
ing kinetic parameters. The solution of this problem
was  the major goal of  the present work.

Kinetics of transformation of arsenic containing
chemical compounds is not yet sufficiently studied
[2-8]. In the previous work [9] the kinetics of
transesterification of some trialkylarsenites with eth-
ylene glycol was studied. It has been found that un-
der the conditions of arsenites excess the order of
reaction to glycol is 2, while numerical values of acti-
vation energy are within the range of 34–44 kJ·mol-1.
Under the conditions of glycol excess the kinetic or-
der to arsenites is 1, while activation energy is too
low and does not exceed 12 kJ·mol-1.

The purpose of the present work was to study



94 George Bezarashvili, Kakhaber Sulaberidze

Bull. Georg. Natl. Acad. Sci., vol. 9, no. 1, 2015

kinetics of partial transesterification of tri-isobutyl
arsenite with ethylene glycol under condition of gly-
col excess (6:1). In such a case, during the first sev-
eral minutes the reaction mainly proceeds according
to the following stoichiometric equation [9]:

on the quantity of condensate (mainly isobutyl alco-
hol) flowing into receiver. In the course of the proc-
ess the temperature of reaction mixture increased from
397K to 434K; at the same time the volume of liquid
mixture  in  flask remained almost unchanged (45 ml).

The results obtained are presented in Fig. 1, where
the experimental curve shows the variation of x depth
of chemical transformation in time t. Quantity x was
calculated based on  the following expression [9]:

x = ρ v / 2 M V, (1)

where ρ and M represent density and molar mass of
isobutyl alcohol (as by-product), v is the volume of
alcohol accumulated in the receiver and V is the vol-
ume of reaction mixture.

By means of graphical differentiation of experi-
mental curve in Fig. 1 numerical values of the rate of
investigated reaction () for different moments of
time were determined. The  results obtained are shown
in Fig. 2. It is seen that for 5 minutes from the begin-
ning of the process the reaction rate decreases con-
siderably, while on the next stages the change of rate
is insignificant. Such results should indicate specific
change of reaction mechanism after 5-6 minutes.
Therefore, the experimental results were processed
only for time interval 0  t < 5 min.

Reaction rate  as the function of chemical trans-
formation depth and temperature may be represented
as follows [11]:

 = dx/dt = k(C0- x)m, (2)
where

k = A·e –E / RT. (3)
In this expressions k represents the rate constant

In order to observe  the reaction course the by-
product (isobutyl alcohol) distillation method was
used. The continuous increase of reaction  tempera-
ture became necessary  that enabled  to evaluate
activation energy of the reaction. Decane was used
as an inert diluent of reaction  mixture.

Preparation of starting trialkylarsenite was per-
formed by reaction of isobutyl alcohol with arsenic
trioxide (at this time high purity ester was produced).
As to by-product of reaction (I) the evaluation of its
purity  was performed  by methods of refractometric
and chromatographic analysis (“RPL-3” and “Chrom-
5” devices were used). It was shown that decane
content in this  product did not exceed  8-9%.

Chemical composition of  initial reaction mixture
was:
[As(OC4H9)3]0 = 0.82  M;   [C2H4(OH)2]0 = 4.96  M;

[C10H22] = 2.63 M.
The above mentioned mixture was placed in dis-

tillation flask inserted in electric heater connected to
calibrated receiver; the latter was equipped with Dyna-
Stark packing and reflex condenser [10]. The obser-
vation of reaction course in time was performed based

                                      HO – CH2                                        O –  CH2
 As (O  –  C4H9)3 +                   |     =  C4H9  –  O  –  As               |     +  2 C4H9OH   (I)
                                      HO – CH2                                       O –  CH2

Fig.1. Dependence of the depth of chemical conversion on
time (experimental data).

Fig.2. Kinetic curve of the reaction rate variation
(experimental data).
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of reaction, m is overall order of the process, E is
activation energy and A is preexponent factor.

From our previous investigations it is known that,
under the conditions of ethylene glycol excess, a
kinetic order of partial transesterification of tri-
alkylarsenites is equal to 1 [9]. If one considers  the
value m = 1 in equation (2), then on the basis of
experimental data obtained, it will be possible to de-
termine the numerical values of rate constant of the
reaction at different temperatures. Equation (3) may
be rewritten in the following form:

ln k = ln A – E / RT. (4)
Hence, with the help of equation (2)  numerical

values  of  k were calculated and the results are pre-
sented in Arrhenius coordinates in the form of Fig. 3
according to expression (4).

These results were processed using the “least-
squares technique” [12] and the coefficient of linear
correlation r, as well as the values of preexponent
factor, activation energy and its standard deviation
were evaluated:

r = -0.9334,      A = 12.5 min-1,     E = 10.8 kJ · mol-1;
S(E) = 2.1  kJ · mol-1.

The values of rate constant k and those values
of the same constant that had been obtained by us
earlier were compared in the absence of decane [9]

within a temperature interval 397 – 434K. As a  re-
sult, in case of  the presence of diluent the rate
constant is approximately 2 – 4 times higher than in
its absence. Such a result must be explained by a
viscosity reduction in the reaction system in case
of the presence of decane.

The numerical solution of differential equation
(2) was also performed with consideration of the
mentioned values of m, A and E parameters and
non-isothermal conditions of the experiment using
Euler method [13]. Integration step (t) made 0.1
min. while initial condition was as follows: when t =
0, then x = 0. When calculating, T(t) function was
approximately presented in the form of the follow-
ing empirical expression (obtained on the basis of
statistical treatment of experimental data):
T(t) = 397 + 5.1·t 0.89.

Results of calculations are presented in Fig. 4. It
is seen that within 5 minutes after the beginning of
the reaction the calculated curve runs quite near to
experimental points presented in Fig. 1: root-mean-
square value of relative deviation between calcu-
lated and experimental quantities of x for the above
mentioned interval of time is approximately 5.3%.
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Fig. 3. A plot of lnk versus 1/T. Fig. 4. Dependence of the depth of chemical conversion
on time (calculated data).
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fizikuri qimia

tri-izobutilarsenitis gadaeTerebis kinetika
dekanis Tanaobisas
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eqsperimentulad Seswavlilia tri-izobutilarsenitsa da eTilenglikols Soris
araizoTermul pirobebSi mimdinare reaqciis kinetika. procesis mimdinareobaze dakvirveba
xorcieldeboda volumetruli meTodiT, Tanauri produqtis (izobutilis spirtis)
gadadenis gziT. reaqciis siCqaris mniSvnelobaTa gansazRvra xdeboda kinetikuri mrudis
grafikuli diferencirebiT. Sedegebis analizma aCvena, rom reaqciis aqtivaciis energiis
mniSvneloba aRniSnul pirobebSi aris 10,8 kjouli•moli-1. Cawerili kinetikuri gantoleba
damakmayofilebeli sizustiT aRwers eqsperimentis Sedegebs reaqciis sawyisi
etapebisaTvis, rodesac ZiriTadad mimdinareobs arsenitis nawilobrivi gadaeTereba
oratomiani spirtiT.
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