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ABSTRACT :

Conductance measurements of S-n-butylisothiouronium bromide,-iodide and
-picrate (S-n-Buis Br, S-n-Buis [ and S-n-Buis Pi) in methanol-nitrobenzene mixtures
at approximately 0.25, 0.5 and 0.75 mole fractions of methanol were studied at
25 °C, 35 °C and 45°C respectively. The data were analyzed using Fuoss’ equation”
(1980) to derive the molar conductance at infinitesimal concentration, A,, the
association distance R and the association constant K, corresponding to minimum
standard deviation o,. The discussion was based on the variation of anionic size,
the mole fraction of methanol and with varying temperature taking into account
ionic solvation and viscosity effect. Thermodynamic parameters AG/(kJ/mole),
AH/(kJ/mole) and AS/(J mol* K*) were calculated and interpreted according to the
variation of temperature and the mole fraction of methanol.

Key words: Electric conductivity, lon-solvent interactions, Temperature dependence
on the conductance, Thermodynamic parameters.

Introduction

Previous conductance studies of S-alkylisothiouronium salts®”
N
[ _3C-S-RIX show that they are considered as a good example of electrolytes with
NH,
large solvophobic cations and can be used as an important source of information
concerning the behaviour of ions in their solutions.
Binary solvent mixtures have a real behaviour upon ionization, dissociation

or association and acid-base equilibria of some electrolytes that take place in a

solution of two cosolvents. Recently, increasing attention was focused on non-
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aqueous mixed solvents, especially those containing dipolar aprotic solvents due to
their importance in several industries®'". Therefore, the knowledge of nature of
binary mixtures provides an insight into the choice of the suitable solvents for
different chemical and electrochemical studies.

Nitrobenzene is a versatile dipolar aprotic solvent having a moderately high
dielectric constant of 34.82 at 25 °C and its mixtures with aliphatic alcohols of
considerable interest from the viewpoint of the existence of specific interactions"”
- through hydrogen bond formation between the two components.

In this work, the conductance measurements of S-n-BuisBr, S-n-Buis I and
S-n-BuisPi salts in methanol-nitrobenzene mixtures which are completely miscible
at all proportions, show wide variation of there viscosities and are considered as an
isodielectric mixture will be reported. The measurements are carried out at Xy
approximately 0.25, 0.5 and 0.75 and studied at 25 °C, 35 °C and 45°C respectively
in order to derive the conductance parameters (A,, R and K,) related to minimum
standard deviation o,. The discussion of these parameters is based on the variation
of (a) anionic size, (b) mole fraction of methanol and (c¢) temperature.

Finally, thermodynamic parameters for the previous solutions can be
calculated and interpreted according to the variation of both temperature and mole
fraction.

Experimental
S-n-butylisothiouronium bromide®, -iodide®® and -pictrate® salts were

previously prepared and purified in our laboratory.
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The highest purity grade methanol MeOH (Merck) was purified as previously
mentioned"?; while the used nitrobenzene NB (BDH) grade was purified according

' method; Nitrobenzene was repeatedly distilled before each

to Mijangos’ et al.,'
measurement due to its hygroscopic nature and sensitivity to light and atmospheric
oxygen. The specific conductances x, for pure MeOH and NB at 25 °C were found
in the range from 7 x 10® to 8 x 10® S cm” and 0.85 x 10" to 10" S cm
respectively.

The experimental techniques and apparatus used for measuring the electrical
conductance® (A), density(d), viscosity(n)7*'® and dielectric constant(D)™* have
been mentioned elsewhere. The precision of 10~ was obtained in calculating density
at 25 °C and 3 x 10” at higher temperatures, (e.g. 0.78666 + 1 x10*° and 0.77738
+ 3 x 10% at 25 °C and 35 °C respectively for pure methanol) while the precision
was found 10* for viscosity at all temperatures used.The dielectric constant
measurements of each mixture with frequency band from 10* -10* kHz allowed a
sensitivity of order 107

The reported physical properties for pure solvents were found to be
consistent with the literature data as shown in table (1). The physical properties of
(MeOH-NB) mixtures (d, n and D) were measured and also reported in table (1)
covering the whole miscibility range ( 0 < Xy.ony < 1) in the temperatures 25 °C,

30 °C, 35 °C, 40 °C and 45°C.
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Table (1). Density d, ,, Viscosity n, , and dielectric constant D, , of methanol-
nitrobenzene mixtures at different mole fractions, X,,.o; and at 25 °C,

35 °C and 45 °C.
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Table (2). Conductance of S-n-butylisothiouronium bromide, -iodide and -picrate
(S-n-Busis Br, S-n-Buis [ and S-n-Buis Pi) in methanol-nitrobenzene
mixtures at 25 °C, 35 °C, 45 °C.

25 °C 35 °C 45 °C
Xpmeon

d, /(g ml™) | n,,(cP) D,, d;»/(gml")| 1,,(cP) D,, d,/(g ml)| 7, ,(cP)

0.000 || 1.19826 | 1.8078 |34.82 1.1885 1.4938 | 33.08 1.17917 | 1.2501
1.1983@ | 1.800°| 34.82@| 1.1881™ Ee RN | S eee
0.0995| 1.1821 1.6650 | 33.86 1.1724 1.3810 | 32.25 1.1629 1.1581
0.2174|f 1.1601 1.5101 | 33.44 1.1502 1.2537 | 31.78 1.1406 1.0518
0.3308|| 1.1350 1.3520 | 32.99 1.1250 1.1264 | 31.39 1.1152 0.9452
0.3984f 1.1178 1.2594 | 32.81 1.1075 1.0486 | 31.16 1.0977 0.8840

0.4652 1.0985 1.1692 | 32.64 1.0883 0.97380 | 30.97 1.0784 0.8204
0.5366 1.0752 1.0671 | 32.47 1.0649 0.89150 | 30.77 1.0549 0.7527
0.6037 1.0499 0.9912 | 32.36 1.0394 0.83120 | 30.62 1.0293 0.7045
0.6555 1.0280 0.9325 | 32.28 1.0175 0.76520 | 30.55 1.0074 0.6671
0.7049 1.0048 0.8770 | 32.19 0.99418 0.74090 | 30.47 0.98398 | 0.6314
0.8005| 0.95155 | 0.7689 | 32.10 0.94093 0.65400 | 30.39 0.93066 | 0.5624
0.9005| 0.88690 | 0.6561 | 32.22 0.87019 0.56430 | 30.46 0.86018 | 0.4903
1.000 0.78666 10.5439 |32.60 0.77738 0.47530 | 30.77 0.76810 | 0.4181
0.78664(0.54450| 32.60 || 0.77729® | 0.4770% |30.73©@ - -

a) Ref. (12), b) S.S. Joshi, T.M. Aminabhavi, R.H. Balundgi and S.S. Shukla, Indian J. Tech., 29, 425 (1991), The data
are difference due to methods of purification. ¢) Ref. (15), d) R.C. Wilhoit and B.Z.Zwolinski, J. Phys. Chem., Ref. Data
2, suppl., 1 (1973). €) (Calculated by using polynomial method from) J. Barthel, R. Wachler and HJ. Gores in "Modern
Aspects of Electrochemistry”, Vol. 13, B.E. Conway and J.O'M. Bockris, Eds. Plenum Press, New York (1979),P.1.

f) A.D’Aprano, J. Phys. Chem., 76, 2920 (1972).

Results

Table (2) contains the molar conductance A/(S cm? mol?) corresponding to
the concentration ¢/(mol dm?) for S-n-butylisothiouronium salts in (MeOH-NB)
mixtures (Xy.oy at approximately 0.25, 0.5 and 0.75) at 25 °C, 35 °C and 45 °C
respectively. Figures (1-3) illustrate typical examples for the plot of A vs. ¢* for the
used salts at different temperatures at X, approximately 0.25, 0.5 and 0.75

respectively.
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) nitrobenzene mixtures (X,,.o; = 0.25) at 25 °C.
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Fig-2:  Variation of A with c* for S-n-butylisothiouronium
bromide, -iodide and -picrate in methanol-
nitrobenzene mixtures (X,,oq = 0.5) at 35 °C.

Fuoss’ (1980) (F-80) equation®™ to
calculate the three adjustable

parameters A\, R and K, that minimize

A/S cm? mol') —

the standard deviation o,. For this

purpose a scan computer program
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“AF"H. © S-a-Buis Br ( Xyou = 0.7567)
T © Sa-Buis] (Xyou=0.7530)
" Ty O 5.n-Buis Pi ( Xpuop = 0.7514)
A -
provided by Prof. Fuoss was used to | *
? 7"
analyze the data. In this program a E
” M
’ E Sy,
fairly wide range of R values were made ? . e,
. 2
to locat the minimum in o, vs. B/R w“
2 i 2 3 =] -
curve (p=e*/DKT where k is the P T T
== 10*(c/ (mol dm™)"* —
ig-3: iation of A with c* for S-n-butylisothiouronium
Brol tamanit s conStant) and then a fine e z:or:ilt;z,n o-iod;:ile and -picrate in methanol-

nitrobenzene mixtures (Xy.on = 0.75) at 45 °C.

scan around the minimum was made to obtain the accurate value of R that
minimize the standard deviation o,; hence the corresponding A, and K, are taken.
Table (3) collects the derived A, and K, values corresponding to accurate R
value for the three used salts at different solvent compositions and at 25 °C, 35°C
and 45 °C.
Thermodynamic parameters AG, AH and AS for the solutions of the salts
under investigation were calculated according to Barthel et al,"® relationships:

AG=-RT In K,=A, +A, (T-298.15) + 4,[(T-298.15)"] M

- AH= A,+298.15 A, +A4,[T%(298.15)"] @)

3
AS=A, + 24, (T - 298.15)

in which A = AG3, A, = AS;, and K,™ in molal scale is related to the

association constant K, which expressed in molar scale by the following

relation®”:

= 89 =

E¥=d. K7 5)
where d is the density of pure solvent at temperature T. The calculated data are
listed in table (4).-

Discussion
Table (3) shows that A, values derived for the salts with common cation

(S-n-Buis*) at x approximately 0.25, 0.5 and 0.75 and at any temperature obey
Meor PP y

the trend )’->25 ->A>2A%- . This trend is consistent with the behaviour of

these ions in the dipolar protic solvent MeOH"? but differ from it for the dipolar

aprotic one®”,

Table (3):  Molar conductance at infinitesiinal concentration A, !.he association dist R, the iation
corresponding to minimum standard deviation o ,, for S-n-butylisothiouronium bromide, -iodide and -picrate in

(MeOH-NB)* mixtures at 25 °C, 35 °C and 45 °C using Fuoss Equation (1980).

K,

A/(S o’ mol?) R (A K,/ (1 mol™) 100,
Salt Kot Xosom

25°C 35°C 45°C 2sc | asc | 4s¢C 25%C Is°c 45°C 25°C 35T 45°C
S-n-Buis | 0.0000 | 31.05+0.11 | 35342006 | 41542015 805" | 820" | 836" | 4467.x48 3504220 299837 13.20 9.70 261
Sa-Buis Pi | 0000 | 00000 | 2626075 | 3053022 | 36.61=0.07 805" | 820" | 836 | 28468.x1934 | 22302+383 | 1883792 | 17.46 6.45 259
S-o-Buis Br 02486 | 41.20£0.04 | 47.95:0.001 | 55.620.01 122 135 | 139 | 369.65£027 | 3320+0.07 | 311.2+0.54 276 076 8.45
S-n-Buis | =025 | 02545 | 4228+0.03 | 49.30+0.005 | 56.43+.002 142 154 | 161 | 189.60£0.18 | 165.6420.26 | 152.2+0.08 258 4.65 159
S-n-Buis Pi 02470 | 36.85+0.01 | 4320+0.002 | 49.76+.003 9.1 101 | 104 | 544822096 | 50279012 | 489.7+0.12 5.73 0.92 1.04
S-a-Buis Br 04975 | 5226+.003 | 6126+0.002 | 70.33x0.03 152 162 | 174 | 1352£011 | 121.79:0.04 | 111.720.68 297 0.68 271
Sa-Buis | =05 | 05106 | 53.75£.003 | 6241x0.004 | 71.01:.004 155 165 | 17.0 | 93.46+008 | 81.52+0.08 | 72.83+0.08 258 0.85 355
S-o-Buis Pi 05090 | 4637+.004 | 53.97+0.009 | 62.12+.002 103 104 | 107 [ 163.80£017 | 143292025 | 133220.06 345 6.44 19
S-a-Buis Br 0.7567 | 65.67+.006 | 75.60+0.002 | 86.40+0.02 167 186 | 211 | 75.86x015 65.66+0.04 | 57.42+0.42 5.67 117 224
S-a-Buis | =075 | 07530 | 70.49%.012 | 80.95:0.001 | 91.42+0.03 162 172 | 182 | 5722%021 | 51.75:0.02 | 47.58x0.40 | 1262 023 s
S-n-Buis Pi 07514 | 56.13x.011 | 64.4420.001 | 73.4x.003 103 103 | 105 | 77.68£027 | 69.90+0.03 | 63.7320.05 9.30 1.08 19
S-o-Buis Br 1.0000 | 96.90+.193 | 111.7+0.003 | 123.98+.002 232 238 | 240 | 69.71x268 | 56.07x031 | 4634+0.08 | 1627 7.46 3.87
S-a-Buis [ 1.000"* | 1.0000 | 104.10+0.02 | 118.0+0.001 | 131.87.001 26 228 | 227 | 3336041 27.8420.07 | 21.82+0.07 | 20.01 4.46 37
S-n-Buis Pi 1.0000 | 89.08+.00 | 1013+0.005 | 113.73+.007 92 98 | 104 | 57532001 | 46912009 | 4208+0.12 | 038 494 6.86

* This value is equal to /2 where p=e?/DKT and k is the :Boltzmann’s constant.
+ MeOH-NB= methanol-nitrobenzene

Evans et al®., observed the same behaviour for tetraalkylammonium

chloride, bromide and iodide salts in n-propanol-acetone mixtures at 25 °C. Up to

80% acetone, they found that A= A > A whereas at 100% acetone the
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trend becomes )‘Zr >A”B ,>A;V . The authors attributed the previous picture to the
r

change of anionic solvation by adding one solvent to the other.
Variation of R and K, with anionic size (Table 3) were found to obey the

following trends at the same temperature

For R at Kyeon = 0-25 [ >Br > Pi’
b Xyeon = 0.50 I = Br > Pi
" Kiieon = 0575 Br > 1 > Pi’

Meanwhile K, at the three mole fractions studied has the trend Pi" > Br>I.
Referring to Fuoss'®® opinion that small R values indicate contact distance,
moderate R values indicate closest approach distance between solvated ions and
large R values indicate Fuoss cosphere diameter that contains more than one non-
conducting pair. The previous trends indicate that R represents the closest approach
distance. At Xy approximately 0.25, is more solvated than Br in dipolar aprotic
solvent rich composition. Accordingly, K, for bromide salts must be larger than
iodide one. At approximately Xy 0.5, R has I' ~ Br may be due to the equal radii
of solvated Br and I'. Hence the increase of K, of Br' than I' may be attributed to
the role of the solvent in stabilizing the formed ion-pair specially for ion with the
higher charge density. At approximately Xyeoy = 0.75 where R for Br' > I, the ionic
charge density governs anion solvation, so, R in rich MeOH mixture obeys solvation

trend.

The large K, value of Br salt than that of iodide one may be due to the role

of MeOH in stabilizing the formed ion - pair through hydrogen bond formation®”.

= B9 =

The lower R value of picrate salt than those of halides in the above three
mole fractions and at all temperatures is only acceptable in both X, at
approximately 0.5 and 0.75; Since Pi is less solvated than halide ions due to its
low charge density in these solvents rich with the dipolar component. The higher
K, value of picrate salt than halides can be explained on the basis of ionic solvation
and the role of the solvent in stabilizing the formed ion-pair.

In case of R and K, for picrate salts, it will be discussed later.

Variation of the three adjustable parameters A, K, and R with x,,.oy

Inspection of Table (3) indicates that A, value for S-n-BuisBr at 25°C varies
from 41.2 to 96.9 giving the ratio 2.35 when going from X, at approximately
0.25 to unity. This ratio was found to be 3.35 and 3.39 for S-n-Buis I and S-n-
BuisPi salts respectively when going from pure NB to pure MeOH at 25 °C. This
change is due to viscosity effect on ionic mobility; since viscosity varied from
1.8078 cP (NB) to 0.5439 cP (MeOH) at 25 °C. Another reason that may cause the
increase‘of A, with the increase of MeOH content is the preferential solvation of the
anions by MeOH as suggested by Sadek and Fuoss®?.

A glance at Table (3) indicates that R for halide salts increases by increasing
MeOH content, whereas that of picrate salts is approximately constant. On the other
hand, K, decreases as MeOH content increases for the three salts under investigation
and at all temperatures.

The results of the association distance, R, indicate thatvbrorm'de and iodide

ions are preferentially solvated by MeOH which is a protic solvent while S-n-Buis*
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cation is preferentially solvated by NB. In other words, these two electrolytes
possess heteroselective preferential solvation in MeOH-NB mixtures. The apparent
constancy of R values of picrate salt with the mole fraction of MeOH supports the
above conclusion; since it is poorly solvated by MeOH due to its low charge density.
The heteroselective preferential solvation was also observed for many electrolytes
in protic - dipolor aprotic solvents®2?.

Table (3) shows that K, is suddenly decreased from 4467 and 28468 in pure
dipolar aprotic solvent nitrobenzene to 189.6 and 544.8 at approximately Xy.oy
= 0.25 for iodide and picrate salts at 25 °C respectively. In other words, in the
region in which ions are predominantly solvated by NB, K, decreases by a factor
23.6 for iodide salt and 52.3 for picrate one. In the range of Xy approximately
0.25 to unity, K, decreases by factors 5.3, 5.7 and 9.5 for Br, I and Pi salts
respectively. This behaviour supports preferential solvation of anions with MeOH,
hence electrostatic attraction between opposite charged ions is decreased. The above
picture supports the ionic selective solvation.

Studies on various electrolytes in alcohol - dipolar aprotic solvent mixtures
such as MeOH-acetonitril,?**, MeOH-NB"?, ethanol-acetone®® and n-propanol-
acetone®”, in alcohol - apolar aprotic such as MeOH-carbon tetrachloride and
MeOH-pyridine®” as well as dipolar aprotic-apolar aprotic such as acetonitril-
toluene® gave surprising results for K, values which were also explained by

assuming that change of solvent structure around ions is more effective than the

change of dielectric constant.
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Variation of the three adjustable parameters A_,R and K with temperature

A glance at Table (3) shows that A, values for any specific electrolyte at
different mole fractions increase by raising temperature. This is an expected
behaviour due to the increase of ionic mobility and decrease of viscosity.

In case of the two pure solvents, the association distance R also is shown to
increase by the increase of temperature whereas K, decreases at all MeOH
properties. This behaviour is in quite agreement with the rules of electrostatic
interactions; since the ionic mobility increases and the electrostatic attraction
between ions is weakened. Furthermore, the orientation of solvent molecules

around the ions and also around the ion-pair is changed.

Thermodynamic parameters.

Table (4): Thermodynamic parameters (AG, AH and AS) for S-n-butylisothi inm b ide, -iodide and
-picrate in methanol-nitrob at 25 °C, 35 °C and 45 °C.
salt LIV I -AG/ (k J/mol) -AH/( k J/mol) A () mol* k')
25C 3sC 45C 25 s 45C 25C sC 4sC
S-n-Buis | 0.000' 0.0000 26.4810.01 26.7210.01 27.15%0.01 21.99+0.03 1627£0.06 10.37£0.02 151 339 528
S-n-Buis Pi 0.0000 31.07£0.07 31.4620.07 32.02+0.02 21.58+0.05 16.84£0.04 11.9420.03 318 475 63.1
S-n-Buis Br 0.2486 20.71£0.07 21.1120.21 21.59x0.17 9.77£0.11 7.45£0.12 5.06+0.08 36.7 443 520
Sa-Buisl | =025 | 02545 | 19.06x009 | 19.33:0.16 | 19714005 | 12.66x0.09 | 929009 | 5.82x001 215 326 47
S-n-Buis Pi 0.2470 21.67+0.17 | 22.16x0.02 22.79+0.06 8.67£0.07 4.87£0.05 0.94x0.07 43.6 56.1 68.7
S-n-Buis Br 0.4975 18.70+0.08 19.04+0.03 19.40£0.60 9.14£0.05 8.27£0.04 7.37£0.05 321 345 378
S-n-Buis | =05 05106 17.82+0.08 18.04+0.09 18.30£0.11 11.81£0.06 10.63+0.05 9.41£0.04 202 24.1 28.0
S-n-Buis Pi 0.5090 19.20+0.10 19.48x0.17 19.89£0.05 13.09+0.08 8.84x0.03 4.46£0.06 205 345 485
S-n-Buis Br 0.7567 17.90£0.20 18.10£0.06 18.31x0.73 11.89£0.12 11.79£0.16 11.69£0.03 ‘202 205 208
S-n-Buis | =075 0.7530 17.19£0.34 17.48:0.04 17.80x0.85 8.88:020 8.07+0.18 724%0.04 279 305 332
S-n-Buis Pi 0.7514 17.95£0.35 18.2520.04 18.57+0.08 9.13x0.11 8.59+0.07 8.03x0.06 296 314 331
S-n-Buis Br 18.46+0.38 18.4910.58 18.55+0.18 18.16x0.15 17.0310.13 15.87+0.09 1.00 4.71 8.42
S-n-Buis | 1.000' 1.0000 16.63£0.27 16.69£0.26 16.56+0.31 11.83£0.11 5.69x0.11 1.04x0.07 16.1 357 55.3
S-n-Buis Pi 17.98x0.01 18.03+0.20 1830027 1621020 9.48+0.08 2.54£0.11 5.94 277 49.5

Table (4) shows that the free energy change AG/(kJ/mole) for all salts have
negative value$ at all temperatures and their negativity increases by raising
temperature. Moreover, the negativity of AH decreases with raising temperature
whereas A S increases with temperature. This behaviour was previously observed and

explained in case of pure solvents"®.
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Table (4) also shows the decrease of the negativity of AG with the increase
of MeOH content. On the other hand, AH and AS shows fluctuating results with
trend of decreasing values by increasing MeOH content. Hence the entropy term
(-T AS) is playing major role in these solvent mixtures. In other words the
contribution of AH which repesents the work done in separating contact pair to

infinity is unfavorable to ion-ion association while the value of (-TAS) illustrating

the work done to associate the pair is favourable at the used temperatures.
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