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Precise molar conductances of Bu4NBPh4, Bu4NI, Bu4NNO3, AgNO3, LiNO3, NaBPh4
and K! have been measured in acetone (Ac), dimethylsuiphoxide (DMSO) and Ac + DMSO
mixtures over the whole solvent composition range at 25°C. The conductance data has been
analysed by computer using Shedlovsky conductance equation. Limiting ionic conductances
have been calculated by using Gill's model. Evaluation of solvated radii of Li, Na+, K and
Ag ions in Ac + DMSO mixtures shows strong preferential solvation for Li ion by DMSO.
Na and Ag ions are found to be preferentially solvated by DMSO in Ac-rich region and by
Ac in DMSO rich regions. K, N0 and 1 ions show no preferential solvation in Ac + DMSO
mixtures.

In recent studies, Gill and coworkers1'2 have found that the binary mixtures of
acetone (Ac) and NN-dimethylformamide (DMF) have properties close to ideal
mixtures. They have explored this extraordinary solvent system towards ion-solvent
interactions by measuring equivalent conductances and viscosities of some solutions
of electrolytes in Ac—DMF mixtures. Dimethylsulphoxide (DMSO) which is used
in the present studies as one of the solvent components in Ac + DMSO mixtures,
is known to be more basic and hence more cationophilic than DMF (ref.3). But at
the same time, DMSO is also believed to possess dipole-dipole interactions to form
small chains4, probably not strong enough to prevent coordination of cations by
DMSO molecules. Therefore, in the present investigations, an attempt has been
made to speculate a modification on cationophilic character of DMSO in the presence
of Ac in Ac + DMSO mixtures.

EXPERIMENTAL

Ac and DMSO were purified by the methods reported elsewhere5. Binary mixtures of these sol-
vents were prepared by weight and their properties at 25°C are summarised in Table I, where X1
is the mole fraction of DMSO in Ac + DMSO mixtures, D is permittivity, i . i0 is viscosity
(kg m 1 s1), d. 10 is density (kg m 3) and q is Bjerrum critical distance (nm). Conduc-
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tances were repeatedly measured at 1 000 Hz frequency with a calibrated digital conductivity
meter model NDC-732 manufactured by Naina Electronics, Chandigarh. The experimental
data (C is concentration in mol m3 and A is molar conductivities in S cm2 mol1) are sum-
marized in Table II. The details of conductance cell and experimental procedure for the con-
ductance measurements are the same as reported in literature2'5. The reproducibility of con-
ductance, viscosity and density measurements were ±02%, ±01% and 10. 101 kg m3,
respectively.

RESULTS AND DISCUSSION

The conductance data has been analysed with the help of a computer program
using the Shedlovsky conductance equation6'7. The derived conductance parameters
such as molar conductivities at infinite dilution A and ion-association constant
(KA) for Bu4NBPh4, Bu4NI, Bu4NNO3, NaBPh4, LiNO3, K! and AgNO3 in
Ac + DMSO mixtures have been reported in Table III. A reasonably good agree-
ment between the A values obtained experimentally and the corresponding litera-
ture values as shown in Table IV indicates the accuracy of the present conductance
measurements. Since our purpose was to see the solvation pattern of ions in terms
of their solvated radii (r,) values in Ac + DMSO mixtures, which in fact depend
upon the A°° values of electrolytes. Moreover, it has been found that the analysis of
conductance data by different methods gives almost the same A values for an
electrolyte but different KA values8. Therefore, the irregular scatter of KA values

TABLE I

Solvent properties of Ac + DMSO mixtures at 25°C

Solvent X1 Da o i03 d. iO—3 q

1 000 207 0304 07834 1354
2 010 226 0362 08170 1203
3 020 233 0432 08503 1082
4 030 265 0507 08781 0983
5 040 290 0597 09142 0901
6 050 319 0732 09439 0832
7 060 337 0852 09735 0772
8 070 37.4 1077 1005 0720
9 Ø 404 1302 1044 0676
10 090 433 1589 F072 0636
11 100 467 1990 1094 0600

' The permittivities D of Ac + DMSO mixtures reported in this table are the extrapolated values
from the experimental values of Fuoss and coworkers18.
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observed in our studies would not effect the r values of Table IV which depend only
on the A values hence KA values are of little significance to our conclusions.

Limiting Ionic Conductances

The limiting ionic conductance ().) values of Lit, Na, K, Ag, N0 and 1
ions in Ac, DMSO and Ac + DMSO mixtures have been computed in the present
work from the A values of Bu4NNO3, Bu4NI, LiNO3, NaBPh4, KI and AgNO3
(reported in Table III) by using the Bu4NBPh4 assumption9 and the Kohlrausch's
law of independent ionic conductances at infinite dilution. The A values thus
obtained have been reported in Table V. No pronounced differences are observed
between the present , values in pure Ac, in pure DMSO and the literature values
(literature values enclosed in parentheses) obtained by using transference number
method. This, therefore, indicates a good applicability of Bu4NBPh4 assumption
in Ac + DMSO mixtures within the experimental uncertainity.

Solvated Radii and Preferential Solvation of Ions

Recently, Gill'0 has proposed an empirical modification (Eq. (1)) of the Stokes law
to calculate the actual solvated radii (r1) of ions in solution within an uncertainity
of ± 2% by accounting for the dielectric friction effect quantitatively.

= Izi F2/(6N0)r) + 00103D + r, (1)

where the symbols have their usual significance'°. Using 2°values of Lii, Nat, K,
Ag, N0 and 1 ions from Table V, solvated radii (r1) values of these ions have
been calculated and have also been reported in Table V.

Plot of vs mole % DMSO in Ac + DMSO mixtures was constructed as shown
in Fig. 1 to obtain information regarding the nature of Ac + DMSO solvent system.
Since viscosity shows a marked deviation from linearity between 400 and 900 mole %
DMSO, therefore, a stronger solvent structural effect between 400 and 900 mole %
DMSO in Ac + DMSO mixtures can be presumed as compared with those for other
5olvent systems.

A perusal of r1 values in Table V shows that the r values of Li ion increase
continuously from 048 nm in pure Ac to 055 nm in 600 mole % DMSO with
the addition of DN4SO in Ac + DMSO mixture at 100 mole % interval. Variation
of r1 values of Na and Ag ions with solvent composition is rather more inter-
esting. The addition of DMSO in pure Ac up to 500 mole % DMSO increases
the r value of Na ion from 045 nm to 048 nm whereas the addition of Ac in
pure DMSO up to 200 mole % Ac increases it from 046 nm to 048 nm. Simi-
larly, r1 value of Ag ion is found to be increased significantly i.e. from 041 nm to
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TABLE II

Conductance data of some electrolytes in Ac, DMSO and Ac + DMSO mixtures at 25°C

Solvent 1 Solvent 2 Solvent 3 Solvent 4 Solvent 5
Electrolyte — —-——--—- —— ------———-

C. 10-6 A c. 106 A C. 10_6 A C. 10—6 A C. 10-6 A

LINO3

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

Bu4NBPh4 01061 1249 01061 1025 021O2 872 00981 794 01069 664
0-2105 1228 03640 996 03640 857 01948 792 02105 65'5

03641 12O5 O5139 987 O5139 845 02584 789 03640 646
.

O5141

0'7089

10351

1187

1168
1140

07089
08508

10351

970
963
952

07089
08508

10351

833
828
819

03839
05290
11562

783
775
764

05141

07089
10351

640
629
618

Bu4NNO3 01958 1835 01958 1514 01958 1272 01211 1172 01958 984
03884

06718

09488
13081

F5711

1811

1784
1714
1687
1670

03884

06718
09488

F3081

19110

14&6
1456

1436
1413
1376

04359
06718
09488
13081

19110

1244

1214

1198

1168
1132

02250
04840
06761

10240

17640

1164
1144

1132
1120
1090

03884
06718
09486
13081

157C0

96-9

952
942
923
916

Bu4NL 01860 1815 01691 1461 01416 1305 00681 1152 02220 992
O37OO
06400
09041
1•2400

14900

1781

1745
1719
1692
1675

03348
05760
07842
10890

16560

1422
1378

1347
13l0
125•6

02822
04922
06964
09600
14030

1282
1246

1226
1201
1161

01355

02683
01986
05893

07441

1443
1132
1127

11F7

1108

03841

05428
07452
09010
10960

9&3
976
967
957
956

NaBPh4 01741 1451 01371 1151 01537 960 00783 831 01537 707
O•3450

O•5973

08430
1•1600

16990

1429
1410
1385

1370
1341

02722
04708
06651

1•10000

11390

1137
1115
1100
107•5

1066

01048
07450
10240

12340

15010

943
911
8896
885
872

01555
02815
04066
05721

07339

818

806
796
784
769

03052
05280
07452
10270

F5020

692
676
666
651
632

02250
O529O
O961O
14444

18490

25000

1836

1768
1698
1641

1596
1561

02540
01040
08720
12310

14600
11970

1240
1147
1027
953
905
812

01440

06754

11680

F6490

19640

28720

1158
1090
1020
968
932
850

01731

01444
06840
10130
14980

19090

1135
1100
1072
1041

9&9
967

04309
08555
14790
20890
28720
31870

902
868
830
804
764
748

•

KI 01440
0-2890

04840
0•6760

09000
1•1560

1899
1870
1830
1811

1787
1760

02450
04870
08430
16400

19700

23900

1534
1483

1431

1351

1320
1281

02390
04750
08220
11600

1-6000

19200

1359
1318

1299

1252
1217

1200

01379
04098
08C80
1-1940

11700

2-0540

1214
1206
1181

1171

115-8

1141

01680
07300
12600

17800

24500
31900

1064
1050
1039

1030
1016

100-2



1: 1 Electrolytes in Ac + DMsO 1807

TABLE II

(Continued)

Solvent 6 Solvent 7 Solvent 8 Solvent 9 Solvent 10 Solvent 11

C. l06 A C. 10-6 A c. 1O6 A C. 10-6 A C. 106 A C. 106 A

00529
92085

03094

04579

06019

07876

563
559
556
550
548
547

01060
0'3640

05405
O7O86

O85O8
F0350

477
463
458
453
447
44.3

02022
02348
03306
O4541
O5142
07161

394
392
391
389
388
384

01060
02102
03640
07O89
08508
10350

323
320
317
314
310
307

01060
02l05

03640
07O89
08508
10350

270
267
264
261
259
257

01060
O2105

03640
0514l

08508
10350

217

215
213
212
208
206

01031

02O52
04063
06040
O892O
11730

889
885
879
873
869
860

01958

03884
067l8
09488
13080
15700

749
741
728
720
712
700

01154
01975
02780
03810
04821
06022

630
629
628
625
624
623

01958

03884

06718
09488

13080
19110

54•0
535
527
523
518
50•9

01958
03884
06718
09488
11910
15700

471
465
462
459
455
450

01958
03884
09488
13080

15760

19110

377
374
368
363
361
358

01422

02816
04813

06l85

08130
10640

804
792
783
772
764
752

01432
02798

04840
06832
09424
11770

727
706
684
669
65•O

607

02609
01898
07674
10150

l1350
F4910

581
576
561

55•5

552
546

01159
01960
05616

07728

09302
11470

552
532
515
501
496
494

01770
01590
08213

09590
14210

17300

431
427
419
417
411
403

01640
01260
05650
07970
11000

11200

359
356
352
349
347
341

01955
02607
03558
03872
07526
09848

570
566
559
553
534
522

01188
02350
04084
05764
07952
11620

534
512
505
502
492
489

01403
02094
02779
04128
05451
08022

417
4l5
412
410
407
402

01418
02686
06461
09054
10870
13220

356
351
339
332
328
324

01640
01260
05716
07963
F0900
16000

290
289
2&6
281
279
27'8

01430
02800
04900
06900
09600
14000

239
237
235
230
225
223

02199
04377
08667
12880
19030

25020

87•1

861
859
858
852
84•4

03948
07784
11540
19180
26310
31580

700
68•2
660
642
627
617

03353
06672
11210

19620
29020
34810

606
602
598
59•5
590
585

07263
14400
24900
35910
48520

485
472
461
451
441

08640
17150
29590
42020
57790

84430

433
4F8
402
388
373
355

08781
29900
42200
58200
699C0
85100

35.7
335
327
3F8
310
301

01425
02835
05614
08339
12330

16210

891
876
868
864
858
852

02860
05690
11900
19100

21000
28000

782
768
742
73•0

722
712

02851
05162
08306
10920

17140

19360

641
641
638
636
631
630

01410
02800
04840
06840
09440
11700

556
549
544
53•7

533
522

01950
04060
066E0
09450
13C00

F904

465
461
456
454
448
446

01910
01790
06570
09270
12800

126C0

391
388
385
381'

377
37.3'
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TABLE II

(Continued)

Solvent I Solvent 2 Solvent 3 Solvent 4 Solvent 5
Electrolyte —

C. 10—6 A C. 10—6 A c. 10—6 4 C. 10—6 A C. 10—6 A

AgNO3 03610 1877 03610 1477 02647 1199 04430 1029 01831 1066
O441O 1848
09610 l725
14440 1632

04410 1438
09610 1323
14440 1233

03955 1128
05252 1083
07180 1017

07137 978
08773 934
10620 905

03633 919
05408 992
08017 960

l9360 I563
2'5000 1492

19360 1134
25000 1070

10340 945
20250 760

l3030 868
25320 732

10570 916
13880 8&5

TABLE III

Derived conductance parameters, A (S cm2 moF 1) and KA (m3 moF 1) for Bu4NBPh4,
at 25°C

Electrolyte
Solv

•

A

ent 1
-

KA

Solv

A0

ent 2

KA

Solvent 3

KA

Solv

A0

ent 4

KA

Solv-
A0

ent 5

KA

Bu4NBPh4 1300 — 1073 — 923 — 806 — 688 —

Bu4NNO3 1877 0.1 1559 0083 1341 0076 1184 0052 1009 0052
Bu4NI 1834 08 1543 O055 1357 oo49 1164 0029 1015 —

NaBPh4 1493 •075 1200 — l000 — 856 0119 732 —

LiNO3 1920 20 1558 0198 1331 0186 1169 0138 9&7 0052
KI 1953 065 1641 O046 143'6 0032 1238 O022 10&7 —

AgNO3 2098 346 1702 17 1412 0758 1252 0586 1072 02

045 nm with the addition
hand, the corresponding r
mole % Ac in pure DMSO.
nificantly with the solvent composition.

All these observations indicate that Li ion is strongly preferentially solvated
by DMSO over the entire solvent composition range of Ac + DMSO mixtures.
Na and Ag ions are strongly preferentially solvated by DMSO in Ac rich region
and weakly preferentially solvated by Ac in DMSO rich region of Ac + DMSO
mixtures. K ion does not show any preferential solvation in Ac + DMSO mixtures.

Similar results were obtained for Li, Nat, K and Ag ions in DMF + Ac

of 200 mole % DMSO in pure Ac, while on the other
value of Ag ion is obtained with the addition of 50.0
The r1 value of K ion, however, does not change sig-
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TABLE II

(Continued)

Solvent 6 Solvent 7 Solvent 8 Solvent 9 Solvent 10 Solvent 11

C. 106 A C. 10_6 A C. 106 A C. 106 A C. 10'6 A C. 106 A

04954 88'5 0'4313 79'O 0'2138 68'! 0'2372 60'O 03789 504 0'5828 398
0'9811 85'5 08542 758 0'4255 66'3 0'3500 59'6 0.7503 499 l'1540 3&3
l'4570 83'S 12690 74'3 08263 64'5 l'0070 5&4 1'1140 49.5 l9900 36'5
2'1550 80'S l'8760 71'3 l'2520 628 l'3890 57'8 l'6480 4&8 2'8030 353
28320 77•8 24660 69'l l'8510 60'S 20530 57'l 2'1660 48'S 35920 341
3'7070 73.5 3'2270 666 2'4320 58'6 2'6990 56'l 28340 4&2 4'6110 32'8

TABLE III

Bu4NNO3, Bu4NI, NaBPh4, LiNO3, KI and AgNO3 in Ac, DMSO and Ac + DMSO mixtures

Solve

A0

nt 6

KA

Solv

A0

ent 7

KA

Solv

A0

ent 8

KA

Solv

A0

ent 9

KA

Solve

A0

nt 10

KA

Solve

A0

nt 11

KA

56'2 — 49'2 — 399 — 332 —- 27'6 — 22'3 —

89'3 '012 761 — 63'7 — 55'3 — 47'4 — 3&7 —

828 074 758 P030 60'2 0'060 52'4 — 43'7 — 36'l

59'6 152 520 — 42'l 0'047 35'O — 29'3 — 24'4 —

87'7 — 74'4 -— 60'9 — 53'6 — 46S --- 3&2 —

88'9 '014 80'6 — 64'4 — 56'O — 4&7 — 39'l —

94'8 '103 823 '104 692 0'096 60'O '024 S1'l '015 43'O —

mixtures. In DMSO + acetonitrile (AN) solvent mixtures5, on the other hand,
Li, Na and K ions have been found to be strongly preferentially solvated by
DMSO through electrostatic ion-solvent interactions over the entire solvent composi-
tion range. Solvation of Ag ion which follows much the same pattern as that of
alkali metal cations in DMSO rich region of DMSO + AN mixtures11 has, how-
ever, been found to undergo selective solvation by AN through specific Ag—AN
interaction in AN rich region of DMSO + AN solvent mixtures11. Since no such
specific ion-solvent interaction is possible in Ac + DMSO mixtures, therefore, the
interaction of Lit, Na, K and Ag ions with DMSO and Ac solvent molecules
in Ac + DMSO mixtures might be primarily electrostatic in nature.
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Therefore, from the present investigation, it can be concluded that the exclusive
electrostatic cationophilic character of DMSO in DMSO + AN mixtures is, how-
ever, competed by Ac in Ac + DMSO mixtures which probably be attributed to the
localized negative charge on the Ac solvent dipole'2.

On the contrary, the solvated radii of 1 and N0 ions in Ac + DMSO mixtures
are found to be virtually the same as in DMSO + AN (refs5"), DMF + Ac (ref.')
and DMF + AN (ref.8) mixtures which demonstrates weak anion—solvent inter-
action. Anions are known to be poorly solvated in dipolar aprotic solvents4.

TABLE IV

A comparison of A (S cm2 moF 1) values for some electrolytes in Ac and DMSO from the
present measurements with the literature values

Electrolyte —-
A

Ac
— —

Reference

DMSO

A Reference

Bu4NBPh4 l30O
l300
1325

present work
11
1

223
224
222

present work
10
10

Bu4NNO3 l877
187l

present work
12

387
3&6
383

present work
10
10

NaBPh4 1399
l40l

present work
13

244
245
246

present work
5
5

LiNO3 1915
1929

present work
14

382
3&0

present work
5

KI 1964
l966

present work
14

391
388
382

present work
5
15

AgNO3 2098
2ll.Oa

present work 432
431
429

present work
10
10

Bu4NI 1831
1844

present work
13

361
360

present work
5

35.4 5

a A values obtained indirectly by addition i.e. A (AgNO3) = A (taken from ref.1) + 2
(taken from ref.12).
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TABLE V
Limiting molar ionic conductivities ,% (S cm2 moI 1) and corresponding solvated radii r1(nm)
of some ions in Ac + DMSO mixed systems

Sol- Li Na
vent 2 r ,° r 2 r

Ag

2 r
NO

2 r1 A '
1 716 •48 777 45 791 45 899 41 1199 33 1173 34

72.52a 7749b 99.9C 118.1c
2 55•4 51 68•7 •46 65•8 46 698 44 1004 34 98•3 34
3 472 •52 55•9 •46 561 •46 553 45 859 34 875 34
4 400 53 465 47 489 45 483 45 769 34 74.9 .34
5 338 53 404 47 432 45 423 45 649 34 655 34

6 278 54 328 48 355 45 34.9 45 599 32 534 34
7 240 55 2&5 48 30-5 -46 319 44 5Ø•4 33 5Ø. .33

8 191 .55 23-1 •48 25-1 45 26-4 43 428 -32 39.3 .34
9 15-7 .55 192 •48 21-0 45 22-1 44 37.9 •32 35-0 33

10 136 54 162 47 17-5 .45 182 44 329 -31 29-2 33
11 112 .54 13-8 -46 147 44 160 -42 27-0 -31 244 .33

11.Oe 14.oe 14.5e 16-15 24.3f

Ref.16; b ref.13; C ref.1; d ref.12; e ref.5; ref.10.

r
ci

9

L .

7

F1G.1

Plot of viscosity ('is) vs mole % DMSO in .1 —

Ac—DMSO mixtures at 25°C
OMSO, mote O/
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