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The conductance and viscosity measurements of Bu4NBPh4, Bu4NI, NaBPh4, Pr4NI, Et4NI,
Me4NI, Bu4NNO3, KI, KCIO4, NaCIO4, KNO3, AgNO3, LiNO3 and NaBr have been carried
out in the concentration range of (0— 100). i0 mol dm3 for conductance and (0—250)
.io mol dm3 for viscosity in dimethylsuiphoxide (DMSO) and DMSO + dioxane mixtures
at 25°C. The conductance and viscosity data have been analysed by the Shedlovsky and Jones—
—Dole equations, respectively. The limiting ionic conductance (2?), solvated radii (ri) and the
ionic viscosity coefficient (B±) values have been evaluated. The variation of r1 and B± value
as a function of solvent composition has been interpreted in terms of preferential solvation of
ions in these solvent mixtures.

The present study is in continuation of our earlier research in transport properties
of binary liquid mixtures1 . Here we report the conductance and viscosity results
for some electrolytes in DMSO and DMSO + dioxane mixtures at 25°C.

The properties of DMSO have been the subject of considerable interest because
of its versatility as a solvent. It is a highly polar self associated liquid and has ability
to participate in hydrogen bonding. In liquid mixtures, the enhancement of its
donor ability may result from the breaking of DMSO structure by the second liquid
component. 1, 4 dioxane, is an inert aprotic solvent having dielectric constant
value of 22 at 25°C.

Recently, attention has been focussed on the use of non-aqueous binary solvent
mixtures namely DMSO + dioxaneL2, DMSO + acetonitrile (AN)3'4, acetone
(AC) + dimethylformamide (DMF)5'6, AN + DMF7 and AN + benzene8. The
investigation of conductance and viscosity properties of solutions of various solutes
in binary mixtures containing associated DMSO and inert dioxane can be, therefore,
quite interesting.

EXPERIMENTAL

The purification of DMSO and dioxane have already been reported1. The binary mixtures of
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these solvents were prepared by weight. The dielectric constants (D) of solvent mixtures have
been calculated using the following equation:

= Ddioxane + w(DDMSO
—

Ddioxane) (1)

where w represents the weight fraction of DMSO in solution. The calculated values of dielectric
constant (D), Bjerrum critical distance (q), and experimentally determined densities and viscosi-
ties of solvent systems are reported in Table I. The electrolytes used were prepared/purified as
reported earlier"3'9. Conductances were measured at 1 000 Hz frequency with a digital conducti-
vity meter type NDC-732, manufactured by Naina Electronics, Chandigarh, India. Viscosities
at 25 ± '01°C were measured with an Ubbelohde suspended bulb level viscosimeter calibrated
with triply distilled water ('70 08903 mPas)10 and other distilled organic solvents. Densities
at 25 ± •O1°C were measured with the help of a sealable type of pycnometer1t of capacity
2. i05 in3. The pycnometer was also calibrated with distilled water (d= 9970 kg —3)10 and
other organic solvents. The overall accuracy of the conductance, viscosity and density measure-
ments are ±02%, ±01% and ±01 kg m , respectively.

RESULTS AND DISCUSSION

CONDUCTANCE MEASUREMENTS

The conductances of tetrabutylammonium tetraphenylborate (Bu4NBPh4); tetra-
butylammonium iodide (Bu4NI) and nitrate (Bu4NNO3); sodium and potassium
perchlorate (NaCIO4) and (KC1O4); potassium, lithium and silver nitrate (KNO3),
(LiNO3) and (AgNO3); sodium bromide (NaBr); tetraethylammonium iodide
(Et4NI) and sodium tetraphenylborate (NaBPh4) have been measured in DMSO
and DMSO + dioxane mixtures containing 10, 25, 40 and 55 mole % of dioxane
in the concentration range of (0— 100). i0 mol dm3. The experimental data
consisting of molar concentration and corresponding molar conductance values of
electrolytes in various solvent systems are given in Table II. The conductance data

TABLE I

Dielectric constant (D), viscosity ('7o) density (d) and Bjerrum critical distance (q) for DMSO
and DMSO + dioxane mixtures at 25°C

Solvent
(mole % DMSO)

D '7o, mPa s d, kg m3 q, nm

100 46-6 2004 1 094-6 06013
90 424 l86l 1 0862 06608
75 360 1752 1 0760 07783
60 295 1577 1 0654 09948
45 229 1468 1 0554 12238
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TABLE II
Molar concentration C (mol dm3) and corresponding molar conductance A (S cm2 moF1)
values for some electrolytes in DMSO and DMSO + dioxane mixtures at 25°C

Solvent (mole % DMSO)

Electrolyte 100 90 75 60 45

Collect. Czech. Chem. Commun. (VoL 56) (1991)

A C.104 A C.104 A C.104 A C.104 Ac. io4

05-55 20-0
0823 19-60
10-83 1920

Bu4NBPh4 13-37 1890
19-45 18-20
3057 17-28
5349 15-82

0150 24-20
02-98 23-80
05-89 23-40
0873 22-90

NaBPh4 1419 22-30
20-64 2170
32-96 20-87
42-96 20-06
5678 19-40

0141 23-20
0281 2270
04-19 22-30
05-55 2200
0822 21-40
1083 20-90
13-37 20-61
1945 19-70
30-56 18-56

Ø075 25-20
02-98 24-40
05-89 2360
08-73 23-10
1419 22-20
20-64 21•40
32-44 20-20
42-96 19-30

05-63 31-6 285 341

01-41 23-50
02-82 2290
04-19 22-40
0555 22-10
08-23 20-90
10-83 20-50
13-37 1950
19-45 18-10
3056 16-20

00.75 2620
01-50 25-70
02-98 25-20
05-89 24-30
08-73 23-60
14-19 2270
20-64 2169
32-44 20-31
42-96 1928

143 37.3
285 36-3
4-25 35.5
5-63 34-8
833 33.7

10-97 32-9
13-55 32-08
19-70 30-6
30-97 28-1
41-01 26-4

1-03 42-91
2-04 42-25
3-05 41-7
598 40-64
972 39-52

14-14 38-38
22-23 37-0
29-44 35-77
38-91 34-46

01-41 24-40
02-82 23-80
04-19 2330
05-55 22-90
0823 22-30
1083 21-70
1337 21-20
1945 2030
3056 18-70
40-48 17-60
0150 28-00
02-98 27-30
04-45 26-80
0589 26-40
0&73 2570
11-49 2520
14-19 24-81
20-64 23-84
3244 2226
4296 21-27

1-07 38-5
2-13 37-4
3-18 36-5
4-22 359
6-25 348
8-23 33-8

10-16 33-0
14-78 3154
23-22 28-99
3076 27-1
2-13 42-86
4-19 41-69
5-51 41-0
6-80 40-55
9-90 3946
1556 380
20-61 36-78
27-23 35-67

02-82 22-80
0419 22-30
05-55 21-90
08-23 21-10
10-83 20-50
13-37 20-20
19-45 19-90
30-56 17-30
4048 16-10
53-49 14-70
0150 27-34
02-98 26-49
04-45 2601
05-89 25-59
08-73 2490
11-49 2440
14-19 23-81
20-64 22-81
32-44 21-70
42-96 20-24

1-07 37-1
2-13 35-9
3-18 34-9
4-22 344
6-25 33-0
8-23 32-1

10-16 31-2
14-78 294
23-22 26-9
3076 24-79

1-03 46-63
2-02 45-4
2-99 44-12
4-86 41-81
7-07 39-88

11-11 37-59
14-72 25-88
19-45 34-23

Bu4NI

Et4NI

10-97 30-1
16-05 28-9
20-89 27-9
2550 27-3
2990 26-5
38-11 2532
45-64 2451
50-03 24-1

03-07 3855
4-57 38-33
606 37-93
8-97 37-01

14-59 35-86
21-22 3441
33-35 32-79
44-16 31-58
58-36 3038

563 32-9
10-97 31-4
16-05 30-07
2089 29-11

25-50 28-4

34-10 27-i

4196 25-99
45-64 25•61

61-94 24-06

0103 40-41
2-04 39-78

3-05 39-33
5-98 38-37

9-72 37-35

1414 36-36
22-23 35-1

29-44 34-22

38-91 32-97
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TABLE II

(Continued)

Electrolyte 100 90

C.104 A C.104

Solvent (mole % DMSO)

4575

A C. A C C.104 Aio4 .i04 A

1005 3655 719 3850 367 4095 540 4205 506 40'34
1315 3645 1055 3821 719 4035 719 4175 7•56 39•74
1614 3610 1377 3775 1055 3995 1008 413 1056 39l5

Bu4NNO3 1903
21•81

27•09
2960

3585
35•70

35'43
3520

1686
2055
2406

3750
3723

3688

1377

1686

1983

2542

3965
3940
3920
3&85

1377

1686

2116

409
40'6

4023

1360

1660
20'25

3860
3818

3770

408
7'!

392
38'2

361
6'28

4125
4035

349
863

4225
40'25

264
4'59

432
41'8

240
341

39•25
38'OS

KNO3 1009
14'02
18'84
2451

37'S
36•75
35'95
350

&92
1239
16'65
2166

39'2
389
38'O
372

1198
1611
2096

39'15
38'2
370

652
9'06
1278
1584

40'3
392
3&0
368

474
637
8'29

36'75
35.55
34.0

1'86
342
4'61

41'6
40•95
40.55

544
7'72
9'23

41'l
4015
39'75

266
657
9i3

42'95
4015
392

233
406
5'76

450
4355
42'O

169
681
855

428
4075
40'25

AgNO3 6'40
8'61

1120

40'O
39'45
38'8

1442
18'76

38'!
372

12'27
1596

37'8
36'S

801
10'76
140

40'55
390
37'2

13'48
1901
2843

3895
37'8
363

265
3'96
5'24
7.77

38'22
37'51
3705
36'24

F33
2'66
396
777

4047
39'32
3&53
37'16

067
265
5'24
777

4232
40'78
3943
3844

5'24
777

12'62
18'36

39'63
39'lO
36'82
35'21

133
2'65
5'24
777

3961
3&48
37'O
3-5•92

KCIO4 1022
12'62
18'36

2886
3822
50.50

3563
35'02
33'84

32'06

3087
29'36

1023
12'62
1836
28'86

3822
5050

3644
35'78
3454
3257
3108
29'SO

1022
1262
18'36

2886
3&22
5050

3757
36'92

3542
3321

31'65

2989

28'86

3&22
5050

32'99

3090
29'13

1262
1&36

28'86

3&22

34'17

32'58

3031
2842

1'86
370
552
731

36'92
36'02
35'31
3473

3'70
5'52
731

1083

37'91
37'lS
36'46
35'64

5'52
731
9'08

12'55

38'S
378
373
36'26

l'86
370
5'52
7'31

42'64
4165
41'l

4045

3'70
5'52
731

l0'83

3&28
37'33
36'36

3544
NaC1O4 1083

14'26
1760
25'60
4024

33'83
33'02
32'4
31'14
29'03

1426
17'60
25'60
40'24
5329

34'78
3382
32'Sl
3F12
29'l

l594
25'60
4024
53'29

3546
3353
3112
2939

1083
1426
1760
25'60
40'24

53'29

39'50
38'69
38'O
36'71
3458
3308

1426
17'60
25'60
4024
53'29

34'35
33'5
31'8
29'18
27'2
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TABLE II

(Continued)

Solvent (mole % DMSO)

Electrolyte 100 90 75 60 45

c.io4 A C.104 A C.104 A C.104 A C.104 A

LiNO3

l648 362
3277 3555
4888 35l0
6481 347
8057 3435

3277
4888
6482
806
9615

3695 3277 388 2949
363 4888 381 4399
358 6481 3755 5833
3535 8057 3665 7251
3495 96i5 3620 l0040

402
395
3895
3845
376

2949
4399
5833
725l

378
37l5
36'6
36l

NaBr

1103 3635
1650 3615
2734 3565
38O7 353
53.93 34.9
79.79 34.35

1l03
l650
2734
3807
53.93
79.79

3755 1103 384 929
372 1650 3795 1485
3665 27'34 372 3426
362 3807 366 5793
35.7 53.93 3585 7181
350

389
3815

363
3465
338

929
1485
3426
5793
7181

3475
339
318
300l
291

has been analysed by Shedlovsky method12'13 using the least square computer
program of Salomon14 by supermicro computer (SM 32) at Himachal Pradesh
University, Shimla, India. The results obtained from computer calculations for
molar conductance at infinite dilution (A0), association constant (KA), standard
deviation (op), root mean square deviation (0A) and correlation coefficient (R) have
been presented in Table III.

The standard deviation of A0 and KA values given in Table III have been found to
be less than ±02% and ±10%, respectively. As the root mean square deviation
calculated from the standard deviations no where exceeded the experimental uncer-
tainty of the present conductance measurements, i.e., ±O'2% this shows a good
applicability of Shedlovsky equation to our experimental conductance data.

The precision of our conductance measurements is ±O2%, hence the data has
not been analysed by any other conductance equation which requires higher precision
in conductance measurements and give similar A0 values for an electrolyte but
different KA values which correspondingly produce no change in the r values15.
Also, our aim was only to see the solvation behaviour of ions in terms of their
solvated radii (r1) values which depend only upon the A0 values of the electrolytes.

The observed A0 values of the electrolytes in DMSO are found in good agreement
with the literature values (given in parenthesis in Table III) which shows the accuracy
of our conductance measurements.

Collect. Czech. Chem. Commun. (Vol. 56) (1991)
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It is clear from Table III that limiting molar conductance for each salt increases
with the increase of dioxane content upto 60 mole %and then decreases with further
addition of dioxane. The plots of molar conductance (A) vs JC for all studied
electrolytes have been found to be linear and are given for some salts in Fig. 1.

From Table III, it is clear that LiNO3, Bu4NNO3 and NaBr do not show any
ion-association in DMSO + dioxane mixtures. The ion association constant (KA)
in general increases with the decrease of dielectric constant for all studied electrolytes.
AgNO3 in DMSO and DMSO + dioxane mixtures is highly associated.

Ion Conductance and Walden Product

The single ion contribution of the measured conductance of an electrolyte is an
important aspect for understanding the ion—solvent interactions and preferential
solvation of ions in solution since cation—solvent and anion—solvent interactions are
known to be different.

The molar conductances of the studied electrolytes have been resolved into their
ionic contributions using Gill's model8 involving the following equations:

— 5.35 — (00103D + r)
(2)—

500 — (0.0103D + r)

A

36

Fio. 1
18

Plot of molar conductance A vs ,.JC for
some electrolytes in DMSO containing
25 mole % dioxane at 25°C: 0 Bu4NBPh4,

0 A Bu4NNO3, 0 AgNO3, ® KNO3, • LiNO3
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and

2. + 2. = A0(Bu4NBPh4). (3)

Here r is an empirical constant which depends upon the structure of solvent and
has been taken equal to 0113 nm for DMSO as an associated solvent168 and equal
to 0085 nm for dioxane as an unassociated solvent16. In DMSO + dioxane mix-
tures, the ry values have been obtained by interpolation between the values 0113 nm
and 0085 nm, respectively.

Using Eqs (2) and (3), the A0 values of Bu4NBPh4 have been split up for 2
values of Bu4N and Ph4B ions in DMSO and DMSO + dioxane mixtures. 2?
values of 1 ion have been calculated from 2 values of Bu4N and A0 values of
Bu4NI. From these values, the )4) values of other ions have been split up with the
help of Kohlrausch's law of independent ionic conductances. These ionic values
have been given in Table IV.

The self consistency of the present results can be checked by comparing A0 values
of NaC1O4 and KNO3 in Table III with the corresponding A0 values calculated by
adding )4) values of Na, K, ClO and N0 ions from Table IV. There is a close
agreement between these two sets of A0 values of NaClO4 and KNO3 in DMSO
and DMSO + dioxane mixtures (with in maximum uncertainty of ± 02 conductance

units).
2? values for ions in DMSO are in agreement with the values reported in literature

and have been given in brackets alongwith the calculated values in Table IV.
Similar to the limiting molar conductances (A0) for electrolytes, limiting ionic

conductance (2?) values do increase with the increase of dioxane content upto
60 mole % and then decrease with the further addition of dioxane in DMSO.

The variation of limiting ionic conductance (2) as a function of mole %ofdioxane
for some ions has been shown in Fig. 2.

The ionic Walden product (2) given in Table IV decreases in DMSO + dioxane
mixtures as the mole % ofdioxane in the mixture increases. A decrease in the Walden
product with decreasing dielectric constant has also been observed by Fuoss'9.
Similar behaviour for decrease of ionic Walden product as a function of decrease
of dielectric constant of solvent mixtures has also been observed for ions in AN +
DMSO mixtures20. The decrease of Walden product with decrease of dielectric
constant can be attributed to a reduction in the velocity of the moving ion due to
interaction with the oriented solvent dipole.

Solvated Radii of Ions and Preferential Solvation

The solvated radii (r1) of Li, Na; K, Ag, Et4N, Bu4N, Br, 1, NO,
Ph4B and C10 ions in DMSO and DMSO + dioxane mixtures have been cal-

Collect. Czech. Chem. Commun. (Vol. 56) (1991)
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Electrolytes in Binary Solvent Mixtures 1823

culated using Gill's modification2' of Stokes law as given by following Eq. (4)
which predicts these radii within an average uncertainty of ±2% in non-aqueous
and mixed solvents.

= zJ F2/(6xNo2?) + O0103D + ry, (4)

where D and are taken from Table I, and ry is an adjustable parameter of solvent
system as explained above. The r1 values, thus, obtained are reported in Table IV.

The plots of solvated radii (r1) for some ions against mole fraction of dioxane
in solvent mixtures are given in Fig. 3.

In binary solvent mixtures if solvated radii (r1) of an ion shows a linear dependence
on the composition of solvent then that ion experiences no preferential solvation.
Otherwise, if an ion shows non-linear variation then that ion has preferential solva-
tion.

In the present studies, the r values of Li, Na, K and Ag ions either remain
practically constant or these values increase regularly as the dioxane content in-
creases in the DMSO + dioxane solvent system. The results, thus, show that there
is no preferential solvation of these ions in DMSO + dioxane mixtures. The non-

FIG. 2

Plot of limiting ionic conductance 2? for
some ions vs mole % dioxane in DMSO +
dioxane mixtures at 25°C: 0 Bu4N
Et4N, 0 Nat, ® Ag, • Ph4B, C
CIO, A Br,

FIG. 3

Plot of solvated radii r for some ions vs
mole % dioxane in DMSO + dioxane mix-
tures at 25°C: 0 Bu4N+, o Na+, ®
(A); 0 Ph4B, C1O, 0 N0, ® 1 (B)

Collect. Czech. Chem. Commun. (Vol. 56) (1991)
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1824 Syal, Bisht, Ranowt:

-solvation behaviour of these ions in the present studies may be due to the effect
of dioxane in DMSO + dioxane mixtures though these ions are known to be solvated
by DMSO.

These results are in contrast to the results reported in the literature. It has been
reported that r. values of Lit, Na and K ions vary non-linearly with a maximum
in the AN-rich region of DMF + AN7 mixtures, showing preferential solvation
of these ions in DMF + AN systems. Li and Na ions show preferential solvation
in DMF + AC5 and in DMSO + AN mixtures3. These results also indicate that
Lit, Na and K ions experience stronger electrostatic cation—solvent interactions
with DMSO in DMSO + AN mixtures as compared to DMF in DMF + AN
mixtures as no maxima for solvated radii (ri) values for these ions is observed in
DMSO + AN mixtures.

The r values of anions Br, 1, N0, ClO and Ph4B do not change from
DMSO to DMSO + dioxane mixtures and almost remain constant. Anions are
known to be poorly solvated in dipolar aprotic solvents22. It is also clear from
Table IV that the solvated radii of Bu4N, Et4N ions either remain practically
constant equal to their crystallographic radii or increase regularly with the increase
of dioxane in DMSO + dioxane mixtures. It has also been reported in the literature
that tetraalkylammonium ions and anions do not show preferential solvation in
DMSO + AN mixtures3'4. Hence, conductance measurement in DMSO + dioxane
mixtures suggest that all studied cations and anions show no preferential solvation.

VISCOSITY MEASUREMENTS

The investigation of the viscosity of electrolytic solutions in non-aqueous binary
solvent mixtures is useful for ion—solvent interaction, the structure of electroytic
solutions and preferential solvation of ion. In order to obtain additional support for
conductance results, the viscosities of similar electrolytes have been measured in same
mixtures in the concentration range (0—250). i0 mol dm3.

The molar concentration (C) and the corresponding i/i values are reported in
Table V. The /i value has been defined as follows:

(5)
10 jC

wherei and are viscosities of pure solvent or solvent mixture and solution, respecti-
vely. The tj values for each solvent mixture used to calculate ,/i is the same as re-
ported in Table I.

The entire viscosity data has been analysed by Jones—Dole equation23 in the fol-
lowing form:

(6)

Collect. Czech. Chem. Commun. (Vol. 56) (1991)
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TABLE V

Collect. Czech. Chem. Commun. (Vol. 56) (1991)

Molar concentration (C) and corresponding iivalues for some electrolytes in DMSO and DMSO
-f- dioxane mixtures at 25°C

Solvent (mole % DMSO)

Electrolyte 100 90 75 60 45

C.l04 1,.l02 C.104 .io2 C.104 tii.l02 C.104 .l02 c.io4i.io2

1475 704 1475 860 l475 778 l475 766 l344 984
28l5 921 2&15 l073 2815 1024 2&15 981 2567 1222

4039 1083 4039 1244 4039 1178 4039 1E63 3683 1389

Bu4NBPh4 5161 1205 5l6l 1354 5161 1324 5161 l285 4705 1520
6193
7146

l312

1388

6193

7146
l463
1545

6193
7146

1422
1525

6193
7146

1394
1482

5647
6515

1602
1621

3354
6549

662
874

2258
4311

612
782

2327
4443

688
865

2276
4344

763
956

2254
4303

905
1124

Bu4NI 9595 lO4O 6186 913 6374 1005 6233 1E22 6174 1283
125'03

15282

17939

1163

1275

1364

7904
9485
10944

1002
1083
1E74

8145
9774
11278

1114

1223

1278

7964
9557

11028

1235
1344
1421

7889
9467

10923

l415
15l4
l622

2435
4649

7•24

963
1725

3294
691
862

2122
4051

8G5
1064

1925

3675
866
1127

2134
4073

1021

131()

NaJ3Ph4 6670 114O 4726 1073 5570 1233 5272 1313 5844 1493

8523

10227

1180

12•81

1382

l508

6039
7247
83'61

1205
1305
1394

7427
8912
10283

1382

1495
1604

6737
8084
9328

1464

1581

1685

7467
8961

10339

16'4
1805

1927

5027
8044
10&28

752
911

1024

4476
7163
11380

752
921
1105

4987
7980
12045

&91
1082
1304

2636
5107

11010

792
1021

1413

2636
5107

11000

924
1215

1626

Pr4NI 13406 1144 13551 1183 14509 1413 13619 1594 13619 1764

16935

20110

1252
1363

15572 1281 16800

19950

1515

1622
17203 1725 17203 1945

3213
4405

553
601

1747

5418

427
681

220
4222

563
733

2206
4232

651
832

220
4222

80l
1002

Et4NL 61•05 692 7293 783 6527 872 6544 1004 6527 1E73

8218
970

804
863

11407
13545

956
1043

7&06
9403
10888

944
1025
1086

7&26
9427

1078
1F66

7806
9403

10888

1244
1355
1421

2292
4398

392
522

2463
4062

585
693

2730
3503

667
734

1682
2158

678
745

2730
3503

860
954

Me4NI 97.97 741 5486 760 4559 809 2808 795 45.59 1042

113•43

13961

16579

8•05

874
943

63•32

7543
14507

812
863
1119

5202
5802

845
883

3205
5202

834
983

5202
5802

1086
1137
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TABLE V

(Continued)

Solvent (mole % DMSO)

Electrolyte 100

c.1o4 .io2

90

c.1o4

75 60 45

.io2 cm4 .lO2 C.104 c.io4 .1O2

2498 522 2326 583 2228 6'44 3243 755 2O57 &12
4&76 6'81 4542 755 4350 836 6191 1004 40i6 1043
93•09 913 8671 984 8305 1074 8884 1167 7667 1345

K! 13357 1074 12440 13'66 11917 1255 11351 13'05 10999 1554
17067 1182 15896 1308 15227 1381 13622 1395 14055 1724
240•81 13'Ol 190'75 1409 18272 1513 15717 1502 16866 1858

4435 602 238 663 25•70 644 3243 7•55 3180 904
84•67 &40 6353 844 4906 845 6l9l 1004 6071 1165

12148 999 9116 965 70.39 972 8884 1167 8711 1344
KC1O4 15523 1085 11648 1082 8995 1083 11351 13'05 11131 14'86

186•28 12•1O 13978 1181 10794 1lO4 l3622 1395 13357 1594
21494 12•83 16128 1254 12454 1245 15717 1502 15412 1724

3436 692 2&63 565 1982 744 2088 609 26O9 655
65-60 &35 54-09 7-46 37-85 889 3987 764 49-82 &87
94-12 10.0 7761 883 54-30 1002 5721 922 7148 10-40

NaC1O4 12027 11-03 9916 9-94 69-39 1091 73-10 1005 9F34 11-81
144-32 11-92 119-0 10-66 83-27 1165 87-72 1F03 109-60 12-84
16653 13-41 13731 11-27 96-08 1238 101-21 1174 12647 1382

3994 682 37-98 &05 33-13 8-44 44-37 965 36-78 1022
76-4! 8-91 7265 1034 6339 10-82 8490 1264 7037 13-02
10984 1043 10444 12-11 9112 1255 122O4 1473 101-15 1544

Bu4NNO3 140-60 1174 13368 13-62 11663 1394 15621 1662 12947 1704
16899 12-60 160-68 1476 14048 15-13 18775 18-01 155-62 18-55

19528 13-61 18567 15-66 161-99 1612 21696 1920 179-82 1960

4024 581 41-59 7-14 4&77 884 52-72 980 3055 9-14

76-98 793 7956 9-33 9330 1161 100-86 12-93 71-49 1294

KNO3 11066 9-32 11437 11-07 134-12 13-64 14499 1525 107-52 1542
14164 1054 146-39 12-32 171-67 15-25 185-58 17-21 129-23 1671
17024 11-33 175-95 13-43 206-34 16-62 22306 18-55 158-84 18-25
196-72 12-11 203-32 14-44 238-43 17-63 25776 19-82 185-38 19-55

41-75 5-81 40-17 6-89 23-20 7-24 44-46 &32 44-08 10-04
80-10 7-82 7707 935 4534 8-92 8528 1124 84-56 1322

115-43 9-22 11107 1092 6&50 1041 12891 1343 121-87 1561

AgNO3 14&10 1043 14250 1225 86-74 11-43 157-70 15-20 156-36 17-55
17839 11•45 171-65 1344 15960 1456 18995 16-61 15835 19-04
206-56 1234 19075 14-28 221-66 16-87 219-94 17-82 218-08 20-42

Collect. Czech. Chem. Commun. (Vol. 56) (1991)
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TABLE V

(Continued)

Solvent (mole % DMSO)

Electrolyte 100

C.i04.102

90 75 60

C.l04.l02C.104.102C.104.l02

45

C.104.l02

LiNO3

4922 680
9442 9.03

l3607 l084
l7459 1205
2l030 l322
24350 14l3

4F04 835 4236 1008 4229 1194
7851 1084 8l03 l334 8090 1574
ll285 1265 11648 l575 1l630 18'50
l4445 1413 14909 l745 14886 2063
172'62 l5'39 l7920 1902 17&92 2244
20063 1645 23296 2033 20675 2390

43'29 1F64
8282 1585
1l905 1891
l5238 2126
l83l5 2322
21F64 2504

NaBr

24'46 5•45

478l 7.03

9F47 923
131•49 1082

16830 1204
20229 129l

4461 7.04 2320 724 1955 692
8534 925 4534 892 3821 884
12268 1089 6650 l041 73'09 1115
157•03 l215 8674 1143 10507 1292
18874 l315 15960 1456 13449 1444
21810 1409 22166 1687 16F64 l563

3677 971
7034 1263
10112 1442
12943 16'15
15557 1744
17977 1&40

The plots of /i versus \Ic have been found linear over the whole studied concentra-
tion range of the electrolytes and are shown for some electrolytes in Fig. 4.

The positve A-coefficients of the electrolytes obtained from the plots have been
found in agreement with the theoretically calculated A,,-coefficients (reported in
Table VI) using Falkenhagen—Vernon equation24:

A = 02577A0 [ — 06863 ('_—_12, (7)" 0(DT)/ 2?2 L A )j
where the symbols have their usual meanings. For the calculation of A,, from Eq.
(7), i and D values have been taken from Table I. The A0, ) and A, values for
electrolytes and ions in DMSO and DMSO + dioxane mixtures have been taken
from Table III and IV.

The calculated B-coefficients from the plots with the help of least square method
are given in Table VI with the literature values in DMSO. The close agreement
between the two sets of B values shows the accuracy of viscosity data. From Table VI,
it is clear that viscosity B-coefficients are large, positive and increase with the in-
crease of dioxane content in DMSO + dioxane mixtures for all the electrolytes.
Gill and Coworkers6'7 have also reported that as the DMF composition is increased

Collect. Czech. Chem. Commun. (Vol. 56) (1991)



1828 Syal, Bisht, Ranowt:

in DMF + AC and DMF + AN mixtures, the viscosity B-coefficients increased.
Syal et al.3 have also observed that B-coefficients increased with the increase of
DMSO concentration in DMSO + AN mixtures.

TABLE VI

Falkenhagen—Vernon coefficient A,, (dm312 moF 1/2) and Jones—Dole viscosity coefficienta
B (dm3 mol _1) for some electrolytes in DMSO and DMSO + dioxane mixtures at 25°C

Solvent (mole % DMSO)

Electrolyte 100 90 75 60 45

A,,.102 B A,,.102 B A,,.102 B A,,.102 B A,,.102 B

Bu4NBPh4 l98 l46
143"

171 150 225 115 264 118 326 166

Bu4NI 130 O95
095b

139 100 150 F08 F77 116 217 122

NaBPh4 175 l35
132b

184 140 210 145 236 153 295 162

Pr4NJ 122 085 130 093 140 104 169 115 214 128

Et4NI F09 076 l20 082 l30 090 116 102 196 110

Me4NI 103 069 114 076 124 087 147 100 l89 110

KI 116 084
085b

131 091 136 100 l63 114 210 123

KCIO4 112 081
081b

121 089 l33 098 117 109 206 119

NaCIO4 117 080
081b

125 087 137 095 116 106 205 117

Bu4NNO3 120 090
092b

128 103 141 113 165 F20 205 128

KNO3 109 081 117 093 135 105 154 115 199 128

AgNO3 l04 082
082b

113 095 125 108 144 118 1•94 128

LiNO3 121 086
086b

127 F05 138 F30 160 113 204 168

NaBr 118 082 127 088 l41 095 F66 F05 218 117

ref.3.
a The maximum uncertainty of the B values in this Table is ±003 dm3 mol'. b Taken from

Collect. Czech. Chem. Commun. (Vol. 56) (1991)
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From Table VI, it has been found that B-coefficient values generally decreas with
the increasing size of the alkali metal and Ag cations in all studied solvent mixtures.
This observation is also in agreement with literatures studies.

Ionic B± Values and Solvation Behaviour

To understand ionic solute—solvent interactions, it is necessary that B-coefficients
of electrolytes are split up into its single ion contribution. The B-coefficient of
Bu4NBPh4 have been split up into ionic B values using the following equations
as proposed by Gill6:

and

— (5.35\3—

5.OO)

= B÷ + B_

(8)

(9)

where B(BU4NBPh4) is the experimentally determined B-coefficient for Bu4NBPh4.
Using these B (B+ and B_) values, the B values (Table VI) of the electrolytes are

24

.10

12

0

FIG. 4

Plot of i vs ./c for some electrolytes in
DMSO containing 55 mole % dioxane at
25°C: 0 NaBPH4, BuNI, KC1O4,
c AgNO3, • NaBr

FIG. 5

Plot of B± coefficients for some ions vs
mole % dioxane in DMSO + dioxane mix-
tures at 25°C: 0 Ph4B, Br, 0 I, ®
N0 (A); 0 Bu4N, Et4N, n Me4N,
® Li, A Nat, • • Ag (B)
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1830 Syal, Bisht, Ranowt:

resolved into their ionic contributions with the help of additive relationship and
these are presented in Table VII.

The ionic B± values in DMSO are in good agreement with literature values as
given in brackets in Table VII.

TABLE VII

Ionic B± (dm3 moF 1) coefficients C in DMSO and DMSO + dioxane mixtures at 25°C

Solvent (mole % DMSO)
Ion

90 75 60 45

Bu4N

Pr4N

Et4N

Me4N
Li

Na

Ag

Ph4B

C10

NO

Br

100

066
065"

067 070 071 O•75

056
0.54c

060 066 07l 081

047
046'

049 052 057 063

040 043 049 056 063

060
059b

070 087 107 117

055
0.54b

057 060 066 071

O•55
0.55b

058 062 069 076

056
055b

060 065 072 077

0'80
0.78b

083 085 087 091

026
026"

031 036 040 043

026
027b

0.35 043 046 051

027
031b

031 0•35 039 046

029
0,30b

O33 038 045 047

C The maximum uncertainty of B± values in this table is ±003 dm3 mol'. Taken from b ref.3;
C ref.4.
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Plot of B±-coefficients vs mole % of dioxane in DMSO + dioxane mixtures are
given in Fig. 5.

From Table VII, it is clear that B values for tetraalkylammonium cations in-
crease with the increase of size of the cation. One also finds that B value for Li
ion is greater than Na+, K or Ag ion. But B_ value increases in the following
order:

Ph4B> 1> Br> C1O N0.

The ordering of B values opposite to the ordering obtained for 2 values is in
confirmity with the relation between conductance and viscosity property.

The solvation behaviour of an ion in a solvent can be explained on the basis of
variation of B± value of an ion as a function of solvent composition and preferential
solvation is inferred by non-linear variation of B. It is evident from Table VII
that B± values of all studied ions increase linearly with the increase of dioxane
content in DMSO + dioxane mixtures.

The linear variation of B values of Li, Na, K and Ag ions with the decrease
of dielectric constant of the medium is in contrast with the conclusions derived
from studies in DMSO + AN by Syal et al.3, DMF + AN and DMF + AC by
Gill and coworkers6'7. Thus, this can be inferred that these ions show different
behaviour in DMSO + dioxane mixtures than in DMF + AN, DMF + AC and
DMSO + AN mixture systems.

Thus, from above observations it can be stated that either all studied ions show
no change in preferential solvation or show no solvation due to the addition of dioxane
to the DMSO in DMSO + dioxane mixtures.

It is known from the following viscosity B coefficient equation25 (which has been
obtained from the combination of Einstein viscosity equation with that of Jones
and Dole):

B = (Nirr + nVi)/400, (10)

(where N is Avogadro's number, r± the ionic radii, n the solvation number and V1
is the volume of first solvation shell), that B coefficients are directly related to
crystal radii and hence effective solvated radii of the ions.

From the conductance measurements it has been observed that r, values for all
ions either increase or remain practically constant with the increase of dioxane
content in the solvent mixture. The same results have been obtained for B± values.
Hence the results obtained from conductance and viscosity studies are in complete
agreement with each other.

Kind acknowledgement is due to CSIR, New Delhi for sanction of project No. 5(91)186 EMR II.
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