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Conductance and Solvation Behavior of Some
Onium Dichromates in Aqueous-Ethanol
Mixtures

V Radhika *, M. Narsimha Reddy ° & P Manikyamba °

Abstract - The paper explores solvation behaviour of
Nicotinium, Pyridinium and Quinolinium dichromates at 283K
— 313K in ethanol, water and varying compositions (v/v) of
water-ethanol mixtures. Analysis of conductance data to
obtain A° is on the lines of Kraus-Bray and Shedlovsky
equations. A°, the limiting molar ,varies with the composition of
the solvent mixture. This is used in the interpretation of the
preferential / discriminating solvation of cations by ethanol.
The influence of mixed solvent composition on the solvation of
ions is discussed in tune with the composition dependence of
Walden product. The influence of the mixed solvent
composition on the solvation of ions has been discussed with
the help of ‘R’-factor.

Graphical abstract : In solution, the free ions are
always in equilibrium with the ion-pairs. This is represented as

2XH* + Cr,0,% [XHCr,07] +XH"
(XH" = oniumion (XNH") )

Keywords : jon-palr association constant / ion-pair
dissociation constant / solvation number / R-factor/
limiting molar conductance/ thermodynarmic parameter.

[. [NTRODUCTION

uinolinium dichromate is a stable oxidant which

was prepared and analyzed by

Balasubramanian and coworkers [1]. This was
used as an oxidant in the kinetic studies of oxidation of
different functional groups [2-4]. Solvation behavior of
this oxidant in Ag-DMF was presented in our earlier
paper [5]. Pyridinium dichromate is a stable oxidant
which was prepared and analyzed by Corey E J and
Schmidt G[6], It is a very useful and versatile oxidant
which can be wused in many applications [7-9].
Nicotinium dichromate is a stable oxidant [10], which
was prepared and analyzed by Lopez C and coworkers
[11]. Though a large body of literature is available on
kinetic aspects of these three oxidants, no information
on the conductance behavior of these dichromates is
these dichromates is available. Density, viscosity and
dielectric constant of the medium, ion-solvent and
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dielectric constant of the medium, ion-solvent and
solvent-solvent interactions influence the conductance
behaviour of electrolytes in binary solvent mixtures. lon-
solvent interactions stabilize the ion by solvating it which
is substantiated through vast information [12-21]. The
present paper details the observations on conductance
behaviour of Quinolinium, Pyridinium and Nicotinium
dichromates in binary solvent mixtures of aqueous-
ethanol.

[I.  EXPERIMENTAL SECTIONS

a) Chemicals Used

Quinolinium,  Pyridinium  and  Nicotinium
dichromates are prepared on the lines of the literature
methods [1,6,11]. A stock solution of the reagent is
prepared by dissolving a known weight of the sample in
water and is standardized by iodometric method. A
conductivity bridge (ELICO model-180) equipped with a
glass conductivity cell of cell constant 1.103 cm™ is
used to measure the conductance of the solution.
Conductivity cell is calibrated using 0.1M KCI solution.
Deionised water is distilled and used for the preparation
of the solution. The precision of the conductivity bridge
used is +0.056mS. Temperature is kept constant during
the experiment using a thermostat with an accuracy of
+0.1°C. To maintain the temperature below room
temperature an ice bath equipped with a mechanical
stirrer is used. Spectroscopic grade sample of acetone
is procured from Sd-fine Chemicals Ltd., Bombay, India.

[1I.  THEORY/CALCULATION

The solutions of Quinolinium, Pyridinium and
Nicotinium dichromates are diluted to different
concentrations in the range 0.1M to 5.0x10° M using
different volumes of solvent / solvent mixture and their
conductance is measured at 283-313K. The solvent
systems used in this study have conductance values
between 0.029 - 0.0315mS. The conductance values are
found to be reproducible with =0.1% error. The solvent
conductance values are deducted from the
conductance of the solution to get the conductance of
the solute. The molar conductance is calculated using
the relation A=1000x K/C where K is the specific
conductance and C is the molarity of the solute in the
solution The same procedure is followed at different
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compositions of solvent mixtures and at different
temperatures.

To find out the limiting molar conductance of
Pyridinium dichromate two models, Kraus- Bray model
[22], and Shedlovsky model [23] have been used.
Kraus-Bray equation, Eg. 1, takes into consideration the
dissociation constant (Kg) of the partially dissociated
electrolyte and correlates molar conductance (A,,) and
the limiting molar conductance (A% as

1 1 1

A AN KAT
A% KA

m c

(A,C) Q)

Shedlovsky equation, Eq. 2, considers the
association constant of the ion-pair formed from the
dissociated electrolyte into consideration and correlates
the molar and limiting molar conductance values
according to the equation

o Kasiza0 @
SA, A H\°® B
where A,, is molar conductance of the solute in
the solution at concentration C,
A, is the limiting molar conductance
K, is the association constant of the ion- pair,
K. is the dissociation constant,
f. is the mean ionic activity coefficient,
S is a factor given by

/ 2
S = M+ 1+'B CA 3)
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Where g is Bjerrum's critical distance g given by
e2 3 Z+Z_62
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q

¢ is dielectric constant of the medium and n is
viscosity of the solvent, Z,e and Ze are the charges on
the ions. k is Boltzmann’s constant, T is the temperature
in degrees Kelvin. S is calculated using A° obtained
from the Onsager model using the plot of A, against
\C. The least square analysis of the data (A, and C)

©2012 Global Journals Inc. (US)

using the above two egs. 1, 2 is satisfactory with linear
correlation coefficients in the range 0.95-0.97.

IV.  RESULTS AND DISCUSSION

a) Limiting molar conductance

The limiting molar conductance values A° thus
obtained with the two equations (eq. 1 and eq. 2) are
presented in Table 1. These values increase with
increase in the temperature as expected. This is
attributed to increase in the mobility of the ions due to
increase in the temperature. The A° values also depend
on the composition of the binary solvent mixture.
Addition of ethanol to water decreases A, value. This
may be due to decrease in the dielectric constant of the
medium.

It is observed that the conductivity of the
solution in each solvent system is increased with
increase in the temperature. It is supposed that this
variation has to follow Arrhenius relation like rate
process. So the energy of activation of the conducting
process is obtained from the Arrhenius relationship

ie. NO=pe /R ®)

Where Ais a constant

E.is activation energy of the conducting process
R is gas constant

T is the temperature

E, values are obtained by correlating log/A°
values with 1/T by means of linear least square analysis.
These values are presented in Table 2. These values
indicate that they are highly dependent on the
proportion of organic solvent in the medium .These
values are maximum in 60% ethanol for Quinolinium
dichromate and in 20% ethanol for Pyridinium
dichromate. For Nicotinium dichromate the maximum
E, is observed in pure water.

b) Radli of solvated ions

The effective ionic radii( r;) of the cation and
anion in each solvent system used are calculated by
using Stoke’s radius equation modified by Gill [24]

~0.820z|
AL,

r.

+0.0103€ + r, 9)

Where 7, is a parameter equal to 0.85 A°for non

associated solvents and 1.13 A°for associated solvents.
These values are tabulated in Table 3. These values
which are radii of solvated ions vary with the solvent
composition suggesting the operation of ion-solvent
interactions.

c) Solvation Number
S,,the solvation number, which is the number of
solvent molecules in the solvent cover around the



species, is calculated from the effect of dielectric
constant (€) on A° . This is based on the equation

Z,Ze’

— (10)
ed, g kT

logA° = logA® —

Where, A% is the limiting molar conductance in
a solvent of infinite dielectric constant

Z,e, Zge are the ionic charges

kg is Boltzmann constant

T is the temperature

dag is the distance between the centers of the two ions.

The plot of log A° against 1/€ is linear with
negative slope from which, d,g is calculated. S, is
computed using the relation.

d, —
S, =—-*—1 (11)
I

solvent

Where r is the Stokes radius of the ion
calculated using Stoke’s equation [25]

_ 0.820z|
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Where r, = 0.85Afor dipolar unassociated

y
0

solvents and 1.13 A for protic and associated solvents.
These r values are tabulated in Table 3.

In order to understand the extent molecular
interactions occurring in the solutions, solvation number
was calculated.

Solvation numbers thus determined at 293K -
303K are presented in Table 4.

The variable solvation number indicates that the
ion-pair is solvated to different extents depending on the
composition of the solvent which reflects variable ion-
solvent interactions.

a) lonic conauctances and lon-solvation
As suggested by Hammamy [26] the ionic

conductances AO+ and A% of the onium ion and the
dichromate ion are computed in all the solvent systems

used and presented in Table 3. A(i is maximum in 100%

water and decreases due to the addition of ethanol
attaining a slight higher value in 100% ethanol. The
ionic conductance of the anion slightly increases due to
the initial addition of ethanol and gradually decreases
attaining a minimum value in 100% ethanol. This
variation in the ionic conductance suggests that the
specific solvation of the anion is by water while ethanol
from the solvent mixture selectively solvates the cation.
The solvation behavior of the ions in mixed solvent
systems can be better understood in terms of the ionic

Walden products, r]AOi , of the electrolytes. The

calculated values of these ionic Walden products are
presented in fig. 1(A,B). These values are maximum in
water and decrease gradually due to the addition of
organic component in each system. According to

Morinaga and coworkers [27] the ratio (R),
_ nA% (solvent)
=————

nAi(Water) can be used to obtain information

on the nature of solvation of an electrolyte and its
constituent ions in aqueous solvent mixtures. The
calculated values of these factors for both the ions are
shown in Table 3. This ratio for the cation is less than
one and decreases sharply with the increase in the
proportion of organic component. According to
Morinaga [27] this is a strong indication of selective
solvation of the ion by the ethanol. Thus it may be
concluded that the cation is more solvated by acetone
from the solvent system. The ‘R’ factor of the dichromate
ion increases up to 80% (v/v), indicating that the anion
is selectively hydrated from the aqueous solvent mixture.
The addition of organic solvent breaks the structure of
water and makes the water molecules available for
hydration of the anion. This type of behavior is observed
by Morinaga [27] for alkali metal ions in water rich
regions of water-acetonitrile and water-DMSO mixtures.

V. CONCLUSIONS

Among the three dichromates studied higher
solvation number is observed for Pyridinium ion
compared to Quinolinium and Nicotinium ions. This may
be attributed to smaller size of the Pyridinium ion which
increases the charge density.
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= Quinolinium dichromate
© T (K) 0% Ethanol 20% Ethanol 40% Ethanol 60% Ethanol 80% Ethanol 100% Ethanol
1 2 1 2 1 2 1 2 1 2 1 2

283 | 121.66 | 12227 | 101.03 | 10614 | 80.45 80.24 64.19 6417 | 76.91 77.32 | 4573 | 4453

293 | 143.89 | 138.02 | 128.21 | 126.94 | 109.15 | 108.83 | 98.06 98.31 92.66 93.07 | 4696 | 48.74
N 303 | 154.66 | 154.93 | 14691 | 13955 | 12552 | 139.30 | 11594 | 116.93 | 98.54 98.62 | 4949 | 49.33

313 | 196.67 | 196.40 | 159.95 | 160.66 | 167.67 | 154.71 | 156.67 | 14751 | 12484 | 12357 | 55.38 | 55.04
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Pyridinium dichromate

T(K) 0% Ethanol 20%Ethanol 40% Ethanol 60% Ethanol 80% Ethanol | 100% Ethanol
1 2 1 2 1 2 1 2 1 2 1 2
283 205.55| 205.67 | 126.06 | 132.50| 108.5 | 108.41 95.50 95.35 75.05 78.58 | 69.61 69.85
293 | 221.58| 222.80 | 176.98 | 175.56 | 140.35 | 137.35 | 112.05 | 11225 | 95.80 | 90.65 | 72.08 | 71.73
303 | 253.42| 259.61 | 225.41| 226.76 | 159.62 | 158.32 | 122.84 | 123.24 | 104.34 | 98.09 | 76.24 | 76.61
313 | 303.43| 307.27 | 252.61| 254.71 | 219.88 | 219.19 | 158.29 | 159.57 | 128.85 | 121.30 | 85.42 | 84.81
Nicotinium dichromate
T(K) 0% Ethanol 20% Ethanol 40% Ethanol 60% Ethanol 80% Ethanol | 100% Ethanol
1 2 1 2 1 2 1 2 1 2 1 2
283 | 127.77 | 127.27 | 115.03 | 113.14 | 98.45 | 9724 | 8419 | 84.17 | 79.91 | 79.32 | 48.31 | 47.86
293 154.66 | 154.93 | 138.21 | 136.94 | 119.15 | 118.83 | 108.06 | 108.31 99.66 97.07 | 55.56 | 55.75
303 | 1738.71 | 179.40 | 156.76 | 155.53 | 145.52 | 139.30 | 123.94 | 123.93 | 104.76 | 104.56 | 60.24 | 60.25
313 | 199.66 | 198.50 | 169.49 | 169.57 | 158.67 | 158.51 | 151.51 | 154.84 | 124.42 | 132,56 | 67.11 | 67.24

1 = Kraus-Bray Model

2 = Shedlovsky model

Table 2. K, and K¢ values of Quinolinium, pyridinium and Nicotinium dichromates in aqueous-ethanol mixtures
Quinolinium dichromate

T 0% Ethanol 20% Ethanol 40% Ethanol 60% Ethanol 80% Ethanol 100%Ethanol
(K) KA KC KA KC KA KC KA KC KA KC KA KC
283 54.67 0.02 31.60 0.03 21.12 0.05 35.33 0.04 35.57 0.03 61.65 0.02
293 70.07 0.01 22.03 0.06 20.55 0.04 21.39 0.09 29.69 0.03 54.90 0.02
303 28.24 0.02 13.56 0.04 19.90 0.05 16.20 0.13 29.86 0.05 45.61 0.02
313 | 21.89 | 005 | 45.14 023 | 19.41 0.05 18.70 | 0.16 | 29.10 0.04 4491 0.02
Pyridinium dichromate
T 0% Ethanol 20% Ethanol 40% Ethanol 60% Ethanol 80% Ethanol 100% Ethanol
Ok [ ke | K| K [ K [k | K |k | & [ kK| & | K
283 7.58 0.13 4.07 0.21 19.10 0.05 7.00 0.14 8.76 0.13 13.89 0.03
293 15.20 0.1 6.73 0.15 19.88 0.05 6.59 0.16 10.29 0.12 7.73 0.03
303 37.65 0.28 8.91 0.11 12.66 0.08 38.09 0.26 8.40 0.15 31.08 0.03
313 38.61 0.27 4.77 0.21 19.23 0.08 50.00 0.19 10.64 0.12 36.11 0.03
Nicotinium dichromate
T 0% Ethanol 20% Ethanol 40% Ethanol 60% Ethanol 80% Ethanol 100% Ethanol
(K)

Ka Ke Ka Ke Ka Ke Ka Ke Ka Ke Ka Ke

283 11.95 0.059 10.98 0.091 11.33 0.077 9.09 0.11 10.98 0.092 17.30 0.057

293 10.78 0.091 11.24 0.081 12.00 0.088 8.89 0.12 15.87 0.082 32.80 0.031

303 12.77 0.077 12.55 0.079 8.75 0.113 15.43 0.066 12.5 0.07 30.1 0.033

313 5.76 0.174 6.34 0.1 12.01 0.084 11.33 0.088 13.16 0.075 33.82 0.030

K, = Association constant from Shedlovsky equation.

KC:

Dissociation constant from Kraus-Bray equation.
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Table 3 . Computed Values of E, for Quinolinium, pyridinium and Nicotinium dichromates at different compositions
(v/v) of agueous-ethanol mixtures.

Quinolinium dichromate

0% Ethanol 20% Ethanol 40% Ethanol 60% Ethanol | 80% Ethanol | 100% Ethanol
E 9.12 11.06 17.68 19.74 10.75 4.77
Pyridinium dichromate
0% Ethanal 20% Ethanol 40% Ethanol | 60% Ethanol | 80% Ethanol | 100% Ethanol
E 9.12 17.06 16.12 11.83 10.08 4.88
Nicotinium dichromate
0% Ethanol 20% Ethanol 40% Ethanol | 60% Ethanol | 80% Ethanol | 100% Ethanal
9.12 14.03 15.44 17.01 12.37 8.45

Version | E Year 2012

Qunolinium dichromate

Table 4 : Computed change in free energy (AG,) and transfer (AG,) Quinolinium, Pyridinium and Nicotinium
dichromate in aqueous mixtures of ethanol at different temperatures in kJ mol™.

2 T(K) 0% Ethanol 20% Ethanol 40% Ethanol 60% Ethanol 80% Ethanol 100% Ethanol
> AG, AG, | AG, AG, AG, AG, AG, AG, AG, AG, | AG, AG,
é 283 -4.76 - -3.89 0.87 -5.73 -0.18 -4.92 -0.030 -4.51 0.05 -5.34 0.58
;C 293 -4.03 - -5.15 1.47 -10.08 0.09 -5.21 0.25 -4.73 0.34 -5.69 -0.17
% 303 -9.15 - -5.39 3.76 -6.54 2.61 -5.68 0.60 -5.21 0.68 -5.44 0.64
5 313 | -9.51 - 592 | 359 | -6.89 262 | -5.89 0.61 586 | 061 | -6.38 | 052
é Pyridinium dichromate
g T(K) 0% Ethanal 20% Ethanol 40% Ethanol 60% Ethanol 80% Ethanol 100% Ethanol
: AG, | AG, | AG, | AG, | AG, | AG, | AG, | AG, | AG, | AG, | AG. | AG
f; 283 -4.94 - -8.03 -0.16 -8.05 -3.02 -8.46 -2.69 -13.05 9.27 -9.41 -1.94
f% 293 -8.07 - -7.74 -3.86 -8.06 2.30 -6.94 -2.69 -8.95 -1.41 -8.68 -1.68
s 303 -7.99 - -7.48 -2.01 -7.18 -1.22 -7.37 -1.03 -7.51 -0.89 -7.18 -1.22
E 313 -8.74 - 724 | 260 | 577 | -224 | -707 | 214 | -7.90 012 | -1023 | 2.21
f Nicotinium dichromate
:5 T(K) 0% Ethanal 20% Ethanol 40% Ethanol 60% Ethanol 80% Ethanol 100% Ethanol
- AG, | AG, | AG, | AG, | AG, | AG, | AG, | AG, | AG, | AG, | AG, | AG,
283 | -4.760 - 552 | -0.758 | -817 | -2.65 | -824 | -254 | -824 | -348 | -557 | -0.81
293 -4.032 - 9.13 -5.10 -8.59 -4.56 -8.51 -3.27 -8.51 -4.48 -5.88 -1.85
. 303 -9.151 - -10.25 -1.10 -8.57 +0.58 -9.33 -0.18 -9.90 -0.75 -5.91 +3.24
313 -9.513 - 9.63 -0.12 -6.70 +2.81 -9.21 +0.30 -8.91 +0.60 -8.91 +0.60
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Table 5 . lonic conductances and radii of solvated ions of Quinolinium, pyridinium and Nicotinium dichromate in

aqueous-ethanol mixtures.
Qunolinium dichromate

T =293K
(V%/C)”;‘;‘;iglo” A° (S cmPmol™) | A° (S cmPmol™) r.(A% (A% r.+r-(A%)
0% 48.98 94.94 3.1 2.71 5.82
20% 44.87 82.07 3.83 2.36 6.19
40% 32.43 76.72 3.67 2.57 6.24
60% 31.32 66.74 3.99 1.42 5.41
80% 29.72 62.94 5.27 1.38 6.65
100% 10.63 36.32 2.07 0.95 3.02
T = 303K
(E\;Vm)gt%?r:g? A’ (S cmPmol?) | A’ (S cm®mol™) r(A% r-(A%) r, +r-(A°)
0% 59.74 94.92 3.09 2.82 5.83
20% 50.60 88.17 2.99 2.52 6.23
40% 37.52 87.99 3.62 2.24 5.86
60% 33.33 82.65 3.38 2.24 7.07
80% 33.78 64.76 5.06 3.20 5.87
100% 3.91 45.59 7.31 2.95 10.36
Pyridinium dichromate
T =293K
Composition A° (ScmPmol™ | A° (S cmPmol) r.(A% r(A°% r,+r(A°
(v/v) ethanol
0% 126.64 94.94 252 2.71 5.23
20% 94.91 82.07 2.53 2.36 6.33
40% 60.63 76.72 261 257 4.89
60% 4551 66.74 3.15 1.42 457
80% 27.71 62.94 1.65 1.38 3.03
100% 35.41 36.32 1.85 0.95 3.68
T =303K
87\/?6%?::3” A° (S cmPmol?) | A% (S cm?mol) r.(A% r-( AO) r4 r-( AO)
0% 164.69 94.92 2.14 2.82 4.96
20% 137.24 88.17 2.07 252 4.59
40% 60.32 87.99 2.62 2.24 4.86
60% 33.59 82.65 3.08 2.24 5.32
80% 33.33 64.76 1.57 3.20 4.77
100% 30.65 45.59 1.96 2.95 4.91
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Nicotinium dichromate

T = 293K
Composition A° (Scmmol) | A° (S cm?mol) r.(A% r( A% r,+r(A°
(v/v) ethanol
0% 59.72 94.94 1.02 2.71 3.73
20% 54.14 82.07 1.23 2.36 3.59
40% 42.43 76.72 1.32 2.57 3.89
60% 52.09 66.74 1.66 1.42 3.08
80% 45.12 62.94 1.69 1.38 3.07
100% 19.24 36.32 2.02 0.95 2.97
T = 303K
87;)“6%::3” A° (Scmzmol®) | A° (S cmZmol™) r.(A% (A% r, + (A%
0% 78.79 94.92 2.03 2.82 4.85
20% 68.59 88.17 1.64 2.52 416
40% 57.53 87.99 1.61 224 3.85
60% 41.29 82.65 1.55 2.24 3.79
80% 40.00 64.76 1.17 3.20 4.37
100% 14.65 45.59 1.05 2.95 4.00

Table 6 Solvation number values of Quinolinium, Pyridinium and Nicotinium dichromates in aqueous-ethanol
mixtures at 293 and 303K.

Quinolinium dichromate

T(K) 0% Ethanol | 20% Ethanol | 40% Ethanol | 60% Ethanol | 80% Ethanol | 100% Ethanol
293 5.02 4.78 4.48 4.38 4.34 3.19
303 5.93 5.83 5.31 4.70 4.63 2.59
Pyridinium dichromate
T(K) 0% Ethanol 20% Ethanol | 40% Ethanol | 60% Ethanol | 80% Ethanol | 100% Ethanol
293 6.34 5.86 5.44 5.36 4.52 3.63
303 6.15 5.84 5.62 4.65 4.42 3.72
Nicotinium dichromate
T(K) 0% Ethanol 20% Ethanol | 40% Ethanol | 60% Ethanol | 80% Ethanol | 100% Ethanol
293 0.79 1.06 1.01 1.49 1.23 1.02
303 1.64 1.39 1.90 1.78 1.37 1.32
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Table 7. Computed change in free energy of solvation (AG;*) and (AG,.) for Quinolinium, P yridinium and

Nicotinium dichromate in aqueous-ethanol mixtures at 293,303K in kJ mol™.

T (K) 0% Ethanol 20% Ethanol 40% Ethanol 60% Ethanol 80% Ethanol 100% Ethanol
AGi— s+ AGi—s- AGi—s+ AGi— s- AGi—s+ AGi—s- AGi—s+ AGi—s- AGi—s+ AGi—s- AGi—s+ AGi—s-
293 3.1 3.2 2.6 4.3 3.3 4.7 3.9 10.8 3.9 14.8 30.8 18.0
303 3.0 3.0 3.7 3.9 3.6 4.3 4.8 59 4.4 7.3 4.7 16.4
T (K) 0% Ethanol 20% Ethanol 40% Ethanol 60% Ethanol 80% Ethanol 100% Ethanol
AGi-s+ AGi-s- AG'i-s+ AGi-s- AG'i-s+ AGi-s- AGi-s+ AGi-s- AGi-s+ AGi-s- AGi-s+ AGi-s-
293 3.4 3.2 4.0 4.3 4.7 4.7 4.9 10.8 6.9 14.8 17.8 18.0
303 4.2 3.2 5.2 4.3 5.0 4.7 5.3 10.9 14.0 14.8 17.6 18.0
T (K) 0% Ethanol 20% Ethanol | 40% Ethanol 60% Ethanol 80% Ethanol 100% Ethanol
AGi-s+ AGi-s- AGi-s+ AGi-s- AGi-s+ AGi-s- AGi-s+ AGi-s- AGi-s+ AGi-s- AGi-s+ AGi-s-
293 4.1 3.20 5.95 430 | 7.30 4.74 11.67 | 10.80 | 20.03 14.80 | 32.42 | 17.98
303 4.4 3.89 6.64 4.27 8.04 5.79 10.50 7.30 18.75 16.40 33.00 1.71
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