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ABSTRACT 

Studies on the reaction between sodium monochloracetate and sodium thiosulfate 
at 50"C and at various concentrations of the reacting ions and various ionic 
strengths (u), with sodium chloride as the electrolyte, showed that the specific rate 
constant (k) increased with the ionic strength, although the concentrations of the 
reacting ions were kept constant. The relation between log k and viJ1 is in 
conformity with the Debye-- Hlickel- Br¢nsted equation. These results and others at 
various temperatures between 25 and 45C showed that an increase in the ionic 
strength decreased the apparent energy of activation (£). It has also been found that 
the change of enthalpy of activation (AHt) and the change of free energy of 
activation (AGt) decrease with increasing ionic strength whereas the change of 
entropy of activation (Ast) increases. 
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INTRODUCTION 

It has been shown by Slator [1] that sodium 
thiosulfate reacts with certain organic halogen com
pounds such as halogen-substituted acetates and that 
the reactions proceed with a measurable velocity. The 
reaction between sodium chloroacetate and sodium 
thiosulfate was studied by Slator [2] and found to be a 
bimolecular, second order displacement reaction: 

CICH 2COO- + S203 --+CH2S20 3COO- +Cl 

The variation of the specific rate constant of the 
reaction between any two ionic species as a function of 
ionic strength of the medium was studied by Br¢nsted 
[3], Christiansen [4], and Scatchard [5]. Laidler [6] 
has given a relationship between log k and J J1 to 
describe the effect of ionic strength on the reaction rate 
between ions at 50c C: 

log k log ko + 1.075 Z AZ BO J J1 (1) 

where k is the specific rate constant observed; ko that 
at zero ionic strength; Z A and Z B are the charges of 
ions A and B respectively; and J1 is the ionic strength. 

The Arrhenius equation [7J is used in order to find 
out the relationship between the specific rate constant 
and the energy of activation. The slope and intercept 
of the Arrhenius plot give the values of energy of 
activation (E) and logarithm of the frequency factor 
(log A). 

Ghaziuddin et al. [8] reported the following ex
pression for the relationship between energy of acti
vation (E) and ionic strength: 

[dlog koJE= 2.303 R d(1/T) 

(2) 

where e, N, K, and T are the electronic charge, 
Avagadro number, Boltzmann's constant, and ab
solute temperature respectively, and e is the dielectric 
constant of the medium. 

The change of enthalpy of activation (~Ht) and the 
change of free energy of activation (~Gt) are obtained 
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using the following expressions [11, 12]: 

~Ht =Eexp- RT (3) 

~Gt=~Ht- T~St (4) 

where Eexp and R are the energy of activation (deter
mined experimentally) and the gas constant, 
respectively. 

Previously we have studied the effect of ionic 
strength on the specific rate constant, energy of acti
vation, and change of enthalpy of activation of iodide~ 
persulfate [8], bromide~bromate [9], and iodide-
bromate [10] reactions respectively. 

In the present work, the reaction between monoch
loroacetate and thiosulfate ions was studied in order 
to find out the dependence of the specific rate con
stant, energy of activation, and change of enthalpy of 
activation on the ionic strength of the medium. An 
attempt has also been made to determine the effect of 
ionic strength on the change of entropy of activation 
and change of free energy of activation of this reaction. 

EXPERIMENT AL 

Monochloroacetic acid, iodine, sodium thiosulfate, 
sodium hydroxide, starch, were of E. Merck, A. R. 
quality and were used without further purification. All 
solutions were prepared in triply distilled water [13]. 
Three drops of chloroform per liter of standard so
dium thiosulfate solution were used as preservative 
[14]. 

The titrometric method was adopted for the deter
mination of the specific rate constant of the reaction 
between monochloroacetate and thiosulfate ions. The 
measured volume of the stock solution of sodium 
chloride (2.0 M) was added to change the ionic 
strength. Calculated volumes of stock solutions of (i) 
sodium monochloroacetate and (ii) sodium thiosulfate 
were pi petted out in separate flasks and kept in a 
constant temperature bath (type T 52, manufactured 
by Haake, Karlsruhe/Germany) for about half an 
hour. The reactants were then mixed and the time 
recorded with a stop watch after half of the reactants 
had been transferred to the reaction mixture vessel 
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kept in a constant temperature bath at 50 ±0.1 'C. 10 
ml of the reaction mixture was pipetted out at in
tervals of one hour, and titrated against standard 
(Mj200) iodine solution using 1 /~ starch as indicator. 
The specific rate constants of the reaction were calcu
lated using the integrated form of the equation for 
second order reactions. 

For the evaluation of activation energies and some 
other related parameters, the same procedure was 
followed at different temperatures i.e. 45, 40, 35, 30, 
and 25"C, and at different ionic strengths provided 
that the concentration of the reactants were the same 
in each run. 

Table I. The Effect of the Total Ionic Strength on the 
Monochloroacetate-Thiosulfate Ions Reaction at 50 ±O. rc 

x 101 [(log k)+6] [CICH 2COO-] [S20 3 ] x 102 

X 102 

(mol dm - 3) 1;2 (moldm- 3 ) (moldm 3) 

1. 1.80 1.53 1.00 0.75 
2.35 1.60 1.00 0.75 
2.92 1.73 1.00 0.75 
3.74 1.90 1.00 0.75 
4.90 2.15 1.00 0.75 
6.16 2.40 1.00 0.75 
7.07 2.53 1.00 0.75 
7.87 2.75 1.00 0.75 
8.37 2.85 1.00 0.75 

2. 2.40 1.62 2.00 1.25 
2.74 1.70 2.00 1.25 
3.16 1.80 2.00 1.25 
4.00 1.95 2.00 1.25 
5.10 220 2.00 1.25 
6.32 2.44 2.00 1.25 
7.21 2.58 2.00 1.25 
8.12 2.80 2.00 1.25 
8.94 2.93 2.00 1.25 

3. 2.65 1.73 2.50 1.50 
3.46 1.82 2.50 1.50 
4.58 2.05 2.50 1.50 
5.66 2.25 2.50 1.50 
6.71 2.50 2.50 1.50 
7.75 2.80 2.50 1.50 
8.37 2.88 2.50 1.50 
8.94 2.95 2.50 1.50 
9.49 3.05 2.50 1.50 

4. 2.83 1.80 2.00 2.00 
4.00 1.99 2.00 2.00 
4.90 2.20 2.00 2.00 
6.25 2.48 2.00 2.00 
7.42 2.70 2.00 2.00 
8.06 2.85 2.00 2.00 
8.66 2.95 2.00 2.00 
9.22 3.05 2.00 2.00 
9.75 3.15 2.00 2.00 

RESULTS AND DISCUSSIONS 

In the first series of experiments the ionic strength 
was varied from 0.325 x 10- 1 to 9.5 X 10- 1 mol dm - 3. 
The values of the square root of the ionic strength 
(j,u) and the logarithm of the specific rate constant 
(log K) are given III Table 1 when log k was plotted 
against j,u, a straight line was obtained. Extra
polation to zero ionic strength gave a value of 
log ko of -4.90, at 50"C. Livingston plots [15J (log 
k -log ko) vs j It plots were drawn at four different 
sets of concentration of the reactants. Out of these four 
sets of experiments performed at 50 ± 0.1 °C, a speci
men graph of one set consisting of 9 points cor
responding to 9 different values of ,u, is shown in 
Figure 1. The average value of Z A' Z B obtained from 
the slope is 1.97, which shows that the step involves 
the reaction between two ions of similar charges i.e. 
monochloroacetate and thiosulfate ions, as expected 
from Equation (1). 

It is a well-known fact that alkali metal salts are 
highly ionized, so the concentrations of sodium 
chloride used in this system do not greatly effect the 
equilibrium Na2S203~Na + +NaS20 3 ~2Na + + 
S20~ -. Kappana [16J found that an increase in total 
ionic concentration increased the specific rate constant, 
and this was in accordance with the Br¢nsted theory of 
reaction rate in ionic reactions. Our results also lead to the 
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Figure I. Dependence at Reaction Rates on Ionic Strength at 
50±O.Fe 
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conclusion that, as the ionic strength of the medium is 
increased, the specific rate constant increases; the expe
rimental average value of the slope (2.12) agrees well with 
the theoretical value (2.15). 

In the second series of experiments, the same re
action was carried out at various temperatures, in 
order to determine the energy of activation (E). Log k 
values at different temperatures and values of JJ.1 are 
tabulated in Table 2. Values of log ko at different 
temperatures ranging from 45-25°C were also deter
mined from the plots of log k us JJ.1, and also 
tabulated in Table 2. At 25°C, Equation (1) becomes: 
log k = - 5.95 + 2.04 JJ.1. Activation energies (E) were 
calculated from the negative slopes of the Arrhenius 
plots. These E values and the corresponding values of 
the square root of the ionic strength are summarized 
in Table 3. 

Our results lead to the conclusion that the acti
vation energy decreases with increasing ionic strength. 
The energy of activation for a particular reaction 
remains the same, but as in our previous reports [8, 9 
and 10J, energy of activation decreases with increasing 
ionic strength. This is due to the fact that as the ionic 
strength varies, the configuration of the activated com
plex changes, which results in a decrease of the ap
parent energy of activation (E). The E us JJ.1 plot 
obtained is linear with a negative slope and is in 
agreement with the theoretical equation. From this 
plot, the extrapolated value of E corresponding to zero 
ionic strength is 80.0 kJ mole - 1. The value of E re
ported in the literature [17J is 77.40 kJ mol-I, which is 
in good agreement with our experimental value. 

The apparent changes of enthalpy of activation 
(,1Ht) were calculated using Equation (3). Table 3 also 

Table 2. Rate Measurements at Various Temperatures 

[CICH 2COO -J = 1.0 x 10- 2 mol dm -3, [S203-J 
=0.75 x 10- 2 moldm- 3 

Temperature o'C 

JIlX 101 
45 40 35 

[(log k)+6J 
30 25 

(moldm-3)1/2 

1.80 1.33 1.20 1.00 0.80 0.63 
2.35 1.42 1.30 1.10 0.90 0.75 
2.92 1.58 1.43 1.30 1.08 0.95 
3.74 1.77 1.57 1.45 1.33 1.20 
4.90 2.10 2.00 1.80 1.70 1.55 
6.16 2.32 2.20 2.12 2.00 1.90 
7.07 2.48 2.40 2.28 2.20 2.10 
7.87 2.70 2.65 2.58 2.45 2.38 
8.37 2.80 2.75 2.70 2.60 2.53 

[(log ko)+ 6J 

Zero 0.90 0.73 0.53 0.30 0.05 


gives the values of apparent energy of activation (E) 
and apparent change of enthalpy of activation (,1Ht) 
in the absence as well as in the presence of inert 
electrolyte. The ,1Ht us J J.1 plot obtained is a straight 
line having negative slope, in agreement with the 
theory. 

From the intercepts of the Arrhenius plots, at dif
ferent ionic strengths, log A values were determined, 
and thence the change of entropy of activation (,1st) 
were calculated using the following expression [18]: 

A =(KT/h)'exp(,1St/R) (5) 

where h is Planck's constant. For reactions between 
ions of like charges, negative values of ,1st indicate 
greater electrostriction when the activated complex is 
formed. It was observed that as the ionic strength 

Table 3. Apparent Energy of Activation and Some Thermodynamic Parameters of the Reaction 

Apparent Energy Apparent Change Apparent Change Apparent Change
JIlX 10 1 of Activation of Enthalpy of of Entropy of of Free Energy 

Activation Activation of Activation 
(moldm- 3)1/2 E(kJ mole-I) ~Ht(kJ mole-I) ~st(J mole - 1 ~GHkJ mole-I) 

deg- 1) 

In the Absence qf Sodium Chloride 
1.80 68.19 65.71 -351.81 170.55 

In the Presence qf SodiulJl Chloride 
2.35 63.19 60.71 - 348.94 164.69 
2.92 58.41 55.93 -344.53 158.60 
3.74 53.80 51.32 - 340.70 152.85 
4.90 47.69 45.21 - 332.47 144.29 
6.16 40.53 38.05 - 325.39 135.02 
7.07 31.00 28.52 - 320.60 124.06 
7.87 27.42 24.94 -314.85 118.77 
8.37 22.65 20.17 - 311.99 113.1.4 
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increases, the change in entropy of activation in
creases. This is due to the fact that the magnitude of 
the frequency factor increases with a rise in ionic 
strength. The plot of apparent change of entropy of 
activation against the square root of the ionic strength 
obtained is linear with a positive slope and is in 
accordance with the theory. From ,1Ht and ,1st 
values, the apparent change of free energy of activation 
(,1Gt) was calculated using expression (4). The ,1St 
and ,1Gt values corresponding to various values of 
Jf1 in the absence as well as in the presence of an inert 
electrolyte are also tabulated in Table 3. Studies of the 
dependence of ,1Ht, ,1Gt, and ,1st on ionic strength 
lead to the conclusion that ,1Ht and ,1Gt decrease 
with the increase in ionic strength, whereas ,1st in
creases with a rise in ionic strength of the medium. 
This is in accordance with the theory. 

REFERENCES 

[IJ A. S1ator, J. Chem. Soc, 85 (1904), p. 1286. 

[2J A. S1ator, J. Chem. Soc, 87 (1905), p. 481. 

[3J 1. N. Br0nsted, Z. Physik Chem. 115 (1925), p. 337. 

[4J J. A. Christiansen, Z. Physik Chem., 113 (1924), p. 35. 

[5J G. Scatchard, Chem. Rev., 10 (1932), p. 229. 


Fahim Uddin and M. Ghaziuddin Ahmed 

[6J K. J. Laidler, Reaction Kinetics, Oxford, Pergamon 
Press, 1963, p. 19. 

[7J B. Stevens, Chemical Kinetics, London, Chapman and 
Hall, 1961, p. 41. 

[8J M. Ghaziuddin Ahmed, Fahim Uddin and Jawed 
Akhter Jafri, Pakistan. J. Sc. Ind. Res., 22 (1979), p. 
128. 

[9J Fahim Uddin and M. Ghaziuddin Ahmed, Pakistan. 
J. Sc. Ind. Res., 22 (1979), p. 177. 

[IOJ Fahim Uddin and M. Ghaziuddin Ahmed, Pakistan. 
J. Sc. Ind. Res., 22 (1979), p. 181. 

[IIJ K. J. Laidler, Chemical Kinetics, New York, McGraw
Hill, 1965, p. 90. 

[12J J. L. Latham, Elementary Reaction Kinetics, London, 
Butterworths, 1962, p. 51. 

[13J 	 A. 1. Vogel, A Textbook Of Quantitative Anaivsis, 
New York, Longmans, Green, 3rd Edition, 196i, p. 
172. 

[14J E. S. Amis and J. E. Potts, J. Am. Chem. Soc., 63 
(1941), p. 2883. 

[15J R. Livingston, J. Chem. Educ., 7 (1930), p. 2887. 
[16J A. N. Kappana, J. Ind. Chem. Soc., 5 (1928), p. 293. 
[17J E. Bekier, Roczniki, 16 (1936), p. 64. 
[18J P. W. Atkins, Physical Chemistry, New York, Oxford 

University Press, 1978, p. 913. 

Paper Received 1 December 1979; Revised 14 June 1980, 30 July 
1980. 

The Arabian Journalfor Science and Engineering, Volume 6, Number 2. 109 


