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Transport property of the species of chloramine-T has been studied in water, acetonitrile, DMF
and varying compositions (v/v) of water-acetonitrile, water-DMf mixtures and the data analysed by
different conductivity models to identify the involvement of association process in the system. Limit-
ing molar conductance has been found to be maximum in acetonitrile and minimum in DMF indi-
cating the preferential solvation of cation by DMF. Association constant has been identified at all
temperatures and compositions. Thermodynamic parameters have been estimated in all the cases.
Viscosity of various solvents and solvent mixtures have been determined and used to compute Wald-
en product from which Stoke's molecular radius is estimated. The ion-solvent and solvent-solvent in-
teractions involved in the system have been qualitatively discussed.

Studies on electrolyte conductance of an electro-
lyte and the effect of ion-solvation on it in aque-
ous and partially aqueous media have received
considerable attention in recent years as they are
important both from fundamental and technologi-
cal points of view 1 - 5.

Chlorarnine-T, CAT, CH3C6H4S02NCINa is a
very stable and inexpensive electrolyte. A detailed
examination of this compound as an analytical
reagent was reported". Several groups have used
CAT as an oxidant in kinetic and mechanistic in-
vestigations of several substrates":". But very
little is known'P:" about its conductance behav-
iour. In continuation with our earlier work!' on
ion-solvation of CAT in different solvent and sol-
vent mixtures herein we report its solvation be-
haviour in water, DMF and acetonitrile in pure
and mixed solvent media at 283 to 313 K.

Materials and Methods
Commercially available (E. Merck) chloramin-

e-T after proper purification, triply distilled water
and purified solvents (DMF and acetonitrile) were
used in the present work. Solution of CAT was
prepared in these solvents and their mixtures (vi
v), standardized iodometrically and preserved in
dark coloured bottle.

Conductance measurements were made with a
digital direct reading conductivity meter (Elico,
model CM-180) and a calibrated dip type con-
ductivity cell with platinised platinum electrodes
(cell constant 0.999 em - 1). All the measurements
were made in a thermostat maintained at the de-
sired temp. ± 0.01°C.

Results and Discussion
The molar conductance (Am) was determined

from the solvent corrected 12 specific conductance
for chloramine-T in water, DMF, acetonitrile and
various compositions (v/v) of water-DMF as well
as water-acetonitrile at 283, 293, 303 and 313K.
The values were analysed by Debye-Huckel-
Onsager and Shedlovsky model of conductivity to
evaluate molar conductance at infinite dilution
(Ao"J Thus obtained values are shown in Table 1.

As expected A°11/ increased with increase in
temperature in all the cases due to increase in
thermal energy and mobility of ions. Limiting mo-
lar conductance decreased sharply till 80% DMF
(slowly till 20-40% CH3CN) on adding the co-sol-
vent (DMF or CH3CN) to water. Later it in-
creased sharply till 100% co-solvent.

The observed decrease in limiting conductance
clearly indicates the role of the solvation of cation
by the non-aqueous solvent (co-solvent). It can be
said that cation is more solvated by DMF in com-
parison with other two solvents. On adding a co-
solvent to water, solvent-solvent interaction in-
creases. Due to this conductance decreases. The
addition of aprotic and protophilic co-solvent
(DMF) to water increases the coordination or
three-dimensional structure of water giving a larg-
er solvent molecule (or acts as structure former
with water giving DMF-3H20). Because of this
either the solvation shell increases or captures
more number of conducting ions leading to the
decrease in conduction. The decrease in conduct-
ance may be due to decrease in solubility result-
ing from the decrease in dielectric constant of the
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Table I-Calculated molar conductance at infinite dilution from different methods for CAT in H20-DMF and H20-CH3CN
mixtures at different temperatures

T(K) 0 10 20 40 60 80 Casal vent, %

2 2 2 I 2 2 2 2
CAT in H20-DMF mixture

283 67 66 56 54 47 46 32 31 26 25 24 22 43 45
293 78 79 70 69 59 59 41 42 34 34 31 30 51 52
303 93 96 88 90 69 71 53 55 43 47 40 40 60 62
313 112 118 108 109 86 87 65 68 54 60 50 64 50 69

CAT in H20-CH3CN mixture
283 67 66 60 60 57 57 61 62 62 67 80 83 80 80
293 77 79 78 77 73 75 76 79 81 85 96 98 88 88
303 93 96 100 102 96 96 96 100 99 103 113 116 103 104
313 112 118 118 121 114 114 III 116 115 119 130 133 108 117
(1) From D.H.O. model (2) From Shedlovsky eqn.

Table 2-Calculated values of K, from Shedlovsky plot for CAT in H20-DMF and H20-CH3CN mixture at different
temperatures

T(K) In H20 - DMF Mixture (%) In H20 - CH3CN Mixture (%)

0 10 20 40 60 80 100 0 10 20 40 60 80 100
283 5.9 5.2 8.8 5.9 9.4 7.2 6.5 5.9 1.7 2.4 0.8 1.3 17.0 36.1
293 2.9 4.4 6.6 5.6 9.6 9.9 8.2 2.9 2.5 2.0 1.3 2.6 18.4 39.1
303 3.4 5.0 2.4 6.3 12.6 14.1 9.6 3.4 4.5 2.8 1.6 4.8 19.8 49.3
313 4.0 5.4 4.4 6.5 15.7 13.4 11.2 4.0 4.9 4.0 1.9 5.7 20.7 60.2

solvent mixture. If it is so, conductivity should
have been the lowest in 100% DMF as its dielec-
tric constant is minimum. But this is not the case,
because the effect of molecular size of solvent
(DMF) on conductivity cannot be ruled out. The
variation in viscosity of the mixture of solvents is
also partially responsible for the decrease. As
DMF is added to water the system becomes sol-
vent rich (solvent-solvent interaction increases)
and conductivity/mobility will vary accordingly.
This problem does not arise in the case of 100%
DMF. So conductivity marginally increases. But
the ion-solvent interaction in this case is more
than that in water and almost equal to that in
20% DMF, which is clear from values of Table 1.
Hence solvent-solvent and ion-solvent interactions
play a definite role in the study of electrical con-
ductivity of chloramine-T in these solvents and
solvent mixtures.

In the case of water-acetonitrile mixture the li-
miting conductance variation trend is slightly dif-
ferent from H20-DMF. On adding CH3CN to
H20 the conductivity decreases till 20-40% of
CH3CN, then increases till 80% and then slightly
decreases. This is probably due to the increased
three-dimensional structure of water in associa-
tion with acetonitrile or increased ion-solvent in-

teraction. CAT species is preferentially solvated
by acetonitrile in the presence of water. So the
molecular size increases and hence conductance
decreases. Regular decrease in viscosity with in-
crease in CH3CN is an indication of higher sol-
vent-solvent interaction and thereby increased
ion-solvent interaction. This leads to decrease in
conductance. Thereafter system becomes co-sol-
vent rich (middle region), where the solvent-sol-
vent interaction is not predominant and hence the
t\\, value increases. But t\0

/1/ is more in water -
acetonitrile compared to water-DMF. It may be
attributed to the higher dielectric constant, dipole
moment and lower molecular size of acetonitrile
in comparison with DMF.
Association constant

Association constant, K" obtained from the
slope of Shedlovsky plot is shown in Table 2. It
increases with increase in temperature in both the
cases of solvents at all compositions indicating en-
dothermic character of the system (Table 2). In
the case of water-DMF K; is maximum at 60%
which is in conformity with the observed limiting
conductance values, whereas K, is maximum at
100% in the case of water-acetonitrile system
which is slightly going against expected trend.
This shows that either the aggregated species is
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charged or the solvent molecules have undergone
self dissociation in the presence of the electrolyte
and became charged leading to higher conduct-
ance. In general, it may be stated that the varia-
tion in the values of K; from one composition to
another is primarily due to the change in dielec-
tric constant and is also due to the reduction in
the thickness of the ionic atmosphere surrounding
the ionic species. It may reduce the repulsion be-
tween different ionic species by increasing the
aggregation number capacity. It may be also due
to bulky organic molecules either entering into
the solvation shell or coming out of it during the
movement of the solvated ion in solution. In gen-
eral, it can be stated that the ion-solvent and sol-
vent-solvent interactions govern the limiting con-
ductance i\.0

m as well as association constant K; in
different solvents and solvent mixtures. Certain
factors related to solvent/solution properties such
as dielectric constant, viscosity, chemical effects
like short range interaction have been guided by
ion-dipole, ion-ion induced dipole, dispersion, hy-
drophobic-hydrophilic interaction as well as the
cavity and related structural effects. Since the data
are limited, quantitative analysis of these factors
are difficult.

Thermodynamic parameter
The K, value is used to compute thermodynam-

ic parameters such as change in enthalpy (!:llfa),
change in entropy (!:lS'a) and change in free ener-
gy (!:lUa) of association. Since conductivity in-
creases with increase in temperature it is sup-
posed that this variation has to follow Arrhenius
relation, 1\.0 m = Ae - Ea/ RT, where E; is the energy
of activation of rate process, R is gas constant
and Tis the temperature in absolute scale.

From the slope and intercept of the linear plot
of log i\.0 m versus 1/ T, E, and log A are evaluated
(log A is - 2.0). The E, values (Table 3A) slowly
increased upto around 40-60% DMF (20% in
acetonitrile) as expected. Slope of log K, versus
1/T gave !:llfa, the heat of association values and
are shown in Table 3A. The fact that organic
ions, devoid of groups specifically interacting with
solvent, exhibit special properties when dissolved
in water is well known \3,14.The minimum of heat
of association appears almost in the intermediate
region for H20-DMF (water rich region for the
acetonitrile). Negative !:llfa means that exother-
mic interaction exists between the ions and be-
comes very less at 40% for CAT in H20-DMF (at
20% in H20-CH3CN). The negative enthalpy of
association supports our proposals of association
and is supported by the negative free energy
change. The minimum of enthalpy of solution
may be due to the preferential hydration 15of ions.
The change in standard free energy accompanying
the ionization of chloramine-T in pure solvents
and their mixtures relative to that of water at 283
to 313K are calculated using the equations'",
!:lG\ = RTIn(wKa/sKa)
and !:lG\ = !:lG't (s) - !:lG't (w)

= 2.303 RT(pKs - pKw)
where pKs and pKw are the logarithm of the asso-
ciation constant K; of chloramine-T in solvent
mixtures and water respectively. !:lG't is the
standard free energy of transfer. !:lG', was calcu-
lated at all temperatures and compositions and is
shown in Table 3B. The !:llf a is obtained from
the slope of the linear plot of log K; versus 1/ T.
Using these two values, !:lsy, is also calculated at
all temperatures and compositions. All these va-
lues are shown in Table 3B. The free energy

Table 3A-Computed values of E, (kJ mol " '] and !:!.Ha (kJ mol-I) for CAT under varying compositions (v/v) of H20-DMF
and H20-CH3CN'mixtures

Cosolvent, %

0 10 20 40 60 80 100%

H2O-DMF 13.2 16.3 18.3 17.6 17.0 12.0
Ea H20-CH3CN 13.2, 17.0 17.9 15.5 16.7 11.3 8.6

Hz<?-pMF -12.7 -8.0 -24.8 -16.7 -22.7 -13.8
sir, HP-CH3CN -12.7 -26.8 -26.1 -15.7 -4.2 -4.5 -14.4

Table 3B-Computed change in free energy of transfer (!:!.G',) and change in entropy of-transfer (!:!.S',) for CAT
Cosolvent, %

10 20 40 60 80 100

H2O-DMF -0.61 - 1.11 -2.72 -2.55 -2.0
!:!'C/', HP-CH3CN 0.51 0.88 2.67 0.51 -3.92 -6.09

H2O-DMF -0.021 -0.08 -0.05 -0.07 -0.04
!:!.S', H20-CH3CN -0.09 -U.09 -0.06 -0.02 -0.D1 -0.03
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Table I -Calculated molar conductance at infinite dilution from different methods for CAT in H20-DMF and H2O-CH}CN
mixtures at different temperatures

T(K) 0 10 20 40 60 80 Co solvent, %

2 2 2 I 2 2 2 2
CAT in H20-DMF mixture

283 67 66 56 54 47 46 32 31 26 25 24 22 43 45
293 78 79 70 69 59 59 41 42 34 34 31 30 51 52
303 93 96 SS 90 69 71 53 55 43 47 40 40 60 62
313 112 liS lOS 109 86 87 65 68 54 60 50 64 50 69

CAT in H20-CH}CN mixture
283 67 66 60 60 57 57 61 62 62 67 80 83 SO 80
293 77 79 78 77 73 75 76 79 81 85 96 98 88 88
303 93 96 100 102 96 96 96 100 99 103 113 116 103 104
313 112 118 118 121 114 114 III 116 115 119 130 133 lOS 117
(1) From D.H.O. model (2) From Shedlovsky eqn.

Table 2-Calculated values of K. from Shedlovsky plot for CAT in H20-DMF and H20-CH}CN mixture at different
temperatures

T(K) In H20 - DMF Mixture (%) In HP - CH}CN Mixture (%)

0 10 20 40 60 80 100 0 10 20 40 60 80 100
283 5.9 5.2 8.8 5.9 9.4 7.2 6.5 5.9 1.7 2.4 0.8 1.3 17.0 36.1
293 2.9 4.4 6.6 5.6 9.6 9.9 S.2 2.9 2.5 2.0 1.3 2.6 IS.4 39.1
303 3.4 5.0 2.4 6.3 12.6 14.1 9.6 3.4 4.5 2.8 1.6 4.S 19.5 '+9.3
313 4.0 5.4 4.4 6.5 15.7 13.4 11.2 4.0 4.9 4.0 1.9 5.7 20.7 60.2

solvent mixture. If it is so, conductivity should
have been the lowest in 100% DMF as its dielec-
tric constant is minimum. But this is not the case,
because the effect of molecular size of solvent
(DMF) on conductivity eannot be ruled out. The
variation in viscosity of the mixture of solvents is
also partially responsible for the decrease. As
DMF is added to water the system becomes sol-
vent rich (solvent-solvent interaction increases)
and conductivity/mobility will vary accordingly.
This problem does not arise in the case of 100%
DMF. So conductivity marginally increases. But
the ion-solvent interaction in this case is more
than that in water and almost equal to that in
20% DMF, which is clear from values of Table 1.
Hence solvent-solvent and ion-solvent interactions
play a definite role in the study of electrical con-
ductivity of chloramine-T in these solvents and
solvent mixtures.

In the case of water-acetonitrile mixture the li-
miting conductance variation trend is slightly dif-
ferent from H20-DMF. On adding CH3CN to
H20 the conductivity decreases till 20-40% of
CH3CN, then increases till 80% and then slightly
decreases. This is probably due to the increased
three-dimensional structure of water in associa-
tion with acetonitrile or increased ion-solvent in-

teraction. CAT species is preferentially solvated
by acetonitrile in the presence of water. So the
molecular size increases and hence conductance
decreases. Regular decrease in viscosity with in-
crease in CH3CN is an indication of higher sol-
vent-solvent interaction and thereby increased
ion-solvent interaction. This leads to decrease in
conductance. Thereafter system becomes co-sol-
vent rich (middle region), where the solvent-sol-
vent interaction is not predominant and hence the
A 0 III value increases. But A 0 III is more in water -
acetonitrile compared to water-DMf. It may be
attributed to the higher dielectric constant, dipole
moment and lower molecular size of acetonitrile
in comparison with DMF.
Association constant

Association constant, K" obtained from the
slope of Shedlovsky plot is shown in Table 2. It
increases with increase in temperature in both the
cases of solvents at all compositions indicating en-
dothermic character of the system (Table 2). In
the case of water-DMf K; is maximum at 60%
which is in conformity with the observed limiting
conductance values, whereas K; is maximum at
100% in the case of water-acetonitrile system
which is slightly going against expected trend.
This shows that either the aggregated species is
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Table 4-Calculated Walden product (ohm"! cm-1 poise) for CAT is H20-DMF and HozO-CH3CN mixtures at different
temperatures

Cosolvent, %

T(K} 0 10 20 40 60 80 100

In H20-DMF mixture
283 0.9 0.9 1.0 1.0 1.11 0.8 0.5
293 0.8 0.9 0.9 0.9 1.0 0.7 0.5
303 0.7 0.9 0.8 0.9 0.9 0.7 0.5
313 0.7 0.9 0.8 0.9 1.0 0.8 0.4

In H20-CH3 CN mixture
283 3.3 3.1 2.9 2.2 2.6 3.8 5.6
293 3.6 3.2 2.9 3.01 2.9 3.8 6.1
303 3.6 3.1 3.2 2.9 2.9 3.7 5.9
313 3.6 3.0 3.1 2.9 2.7 3.4 6.9

change of transfer (~G't) is negative in H20 -
DMF (only at 80 and 100% of CH3CN in H20 -
CH3CN mixture) under the studied conditions
(Table 3B) indicating the spontaniety of the rate
process. These two (exothermic enthalpy and
spontaniety) values support the proposed associa-
tion process. Entropy of transfer process. (~S\) is
very small with values slightly negative (Table 3B)
indicating the higher electrostriction or slight dis-
orderliness of the process.

The structure making property of acetonitrile
with water is evident from the positive solvation
and greater slope of the plots of A0

m versus T at
compositions except at 80% CH3CN where sol-
vent-solvent interaction is .maximum. But in the
case of water-DMF the reverse trend is observed.
Walden product .

Dependence of conductance on the viscosity of
the medium was shown by Walden et al. accord-
ing to whom the product of limiting conductance
of an electrolyte and solvent viscosity is inversely
proportional to the viscosity of the medium i.e.,
A ~,11or lOll r where r is the effective Stoke's molecu-
lar/ionic radius of the species. In H20-DMF mix-
ture the Walden product increases slowly and re-
gularly with increase in co-solvent content in wa-
ter at a given temperature till about 60% DMF
and then decreases (Table 4). In the case of wa-
ter-acetonitrile mixture there is little variation of
the product with temperature and with % compo-

sition which proves the fact that the variation in
A 0 m is nullified by the variation in viscosity.
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