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The conductance and viscosity measurements of BuyNBPh,, Bu,NI, NaBPh,, Pr NI, Et,NI,
Me, NI, BuyNNO;, KI, KCIO,4, NaClO,, KNO;, AgNO;, LiNO; and NaBr have been carried
out in the concentration range of (0—100) .10 % mol dm™3 for conductance and (0—250)
.10™* mol dm ™3 for viscosity in dimethylsulphoxide (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 (/1?), solvated radii (»;) and the
ionic viscosity coefficient (B4 ) values have been evaluated. The variation of r; 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 mixtures! ~#. 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 2:2 at 25°C.

Recently, attention has been focussed on the use of non-aqueous binary solvent
mixtures namely DMSO + dioxane!'?, DMSO + acetonitrile (AN)3-#, acetone
(AC) + dimethylformamide (DMF)*¢, AN + DMF’ and AN + benzene®. 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 reportedl. 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:

Dsolution = Ddioxane + W(DDMSO - Ddioxane) ’ (H

where w represents the weight fraction of DMSO in solution. The calculated values of dielectric
constant (D), Bjerrum critical distance (g), 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'?. 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 4 -01°C were measured with an Ubbelohde suspended bulb level viscosimeter calibrated
with triply distilled water (5, = 0-8903 mPas)'© and other distilled organic solvents. Densities
at 25 4+ -01°C were measured with the help of a sealable type of pycnometer!! of capacity
2.107° m3. The pycnometer was also calibrated with distilled water (d= 997-0kg ~3)'1° and
other organic solvents. The overall accuracy of the conductance, viscosity and density measure-
ments are +0:2%, +0-1% and +0-1 kg m™3, respectively.

RESULTS AND DISCUSSION

CONDUCTANCE MEASUREMENTS

The conductances of tetrabutylammonium tetraphenylborate (Bu,NBPh,); tetra-
butylammonium iodide (Bu,NI) and nitrate (Bu,NNO;); sodium and potassium
perchlorate (NaClO,) and (KClO,); potassium, lithium and silver nitrate (KNOj),
(LiNO;) and (AgNO;); sodium bromide (NaBr); tetraethylammonium iodide
(Et4NI) and sodium tetraphenylborate (NaBPh,) 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).10”* moldm™3. 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 [

Diclectric constant (D), viscosity (n7y), density (d) and Bjerrum critical distance (q) for DMSO
and DMSO + dioxane mixtures at 25°C

Solvent -3
(mole %, DMSO) P  7o,mPas  d kgm g, nm

100 466 2-004 1 094-6 0-6013
90 42:4 1-861 10862 06608
75 36-0 1-752 10760 07783
60 29-5 1-577 1065-4 0:9948
45 229 1:468 10554 1.2238
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TABLE II

Molar concentration C (mol dm™2) and corresponding molar conductance A (S cm? mol™?!)
values for some electrolytes in DMSO and DMSO -+ dioxane mixtures at 25°C

Solvent (mole % DMSO)

Electrolyte 100 90 75 60 45

c.10* 4 c.10* 4 c.10* 4 cCc.10* 4 cC.10* 4

05-55 20-0 01-41 2320 01-41 23-50 01-41 2440 02-82 22:80

0823 1960 0281 2270 02-82 2290 0282 23-80 04:19 22-30

10-83 1920 0419 22:30 0419 22:40 0419 23-30 05-55 21-90

Bu,NBPh, 1337 1890 05-55 22:00 05-55 22:10 05-55 22:90 0823 21-10
19-45 1820 0822 21140 0823 2090 0823 22:30 10-83 20-50

30-57 17-28 10-83  20-90 10-83 20-50 10-83 21-70 13-37 20-20

5349 15-82 13:37 20-61 13-37  19-50 13-37 21-20 19-45 19-90

19-45 1970 1945 1810 1945 2030 30-56 17-30

30-56 1856 3056 16°20 30-56 18:70 40-48 16-10

40-48 17-60 53-49 14:70

01-50 2420 0075 2520 00'75 2620 01-50 28:00 01-50 27-34

02:98 23-80 0298 24:40 0150 25:70 02:98 27-30 02-:98 2649

05-89 2340 0589 2360 0298 2520 04:45 26:80 04:45 26-01

0873 2290 0873 2310 0589 24:30 0589 26:40 05-89 25-59

NaBPh, 1419 22:30 1419 22:20 0873 2360 0873 2570 0873 24-90
2064 21'70  20-64 21-40 14-19 2270 1149 2520 11:49 24-40

32:96 20-87 32-44 2020 2064 2169 1419 2481 14-19 23-81

42:96 20-06 4296 1930 32:44 20-31 2064 23-84 20-64 22-81

56:78 19-40 42:96 19-28 32:44 2226 32:44 21-70
42:96 2127 42:96 20-24
05-63 31:6 2:85 341 1-43 373 1:07 385 107 371

1097 30-1 5:63 329 2:85 363 213 374 2-13 359

16:05 289 1097 314 425 355 3-18 36°S 3-18 349

20:89 279 16:05 30-07 5:63 34-8 422 359 4-22 344

Bu,NI 25-50 27-3 20-89 29-11 833 33:7 625 348 6:25 33-0
2990 26°5 25:50 284 10-97 329 823 338 8:23 32-1

3811 2532 3410 27-1 13-55 3208 1016 33:0 10:16 31-2

45-64 24-51 41-96 25-99 1970  30-6 14-78 31:54 14:78 294

50-03 241 45-64 25°61 30-97 281 2322 2899 23:22 269

61:94 24-06 41-01 264 3076 27-1 30-76 2479

03-07 3855 0103 40-41 1-:03 4291 2:13 42:86 103 4663
4-57 3833 2:04 39-78 2:04 42:25 419 4169  2:02 454
6:06 3793 3:05 39-33 3:05 417 5-51 41-0 2:99 44-12
8:97 37-01 5-98 38:37 598 4064 680 40-55 486 41-81

Et,NI 14:59 35-86 972 3735 972 3952 990 3946 7-07 39-88
2122 34-41 1414 3636 14-14 3838 15-56 380 11-11 37-59
33-35  32:79  22:23 351 22:23 370 2061 3678 14:72 25-88
44-16 31-58  29-44 34-22 2944 3577 2723 3567 1945 34-23
58-:36 30-38 3891 32:97 3891 3446
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TABLE II
(Continued)
Solvent (mole 9%, DMSO)
Electrolyte 100 90 75 60 45

c.10* 4 cC.10* 4 cC.10* A C.104 A cC.10* A

10-05  36°55 7-19  38-50 367 4095 540 42:05 5-06 40-34
1315 36°45 10:55 3821 7-19 4035 7-19 4175  7-56 39-74
16-14 36:10 13-77 3775 10-55 3995 10-08 413 10-56 39-15

BuyNNO, 19-03  35-85 16:86 37-50 13-77 39-65 1377 409 13-60 38:60
21-81 3570  20-55 37-23 16:86 3940 16'86 40-6 16:60 38-18
27-09 3543 2406 36-88 19-83  39:20 2116 40-23 20-25 37-70
2960 35:20 2542 38-85

408 392 361 4125 349 42:25  2:64 432 2:40 39-25
7-1 382 6:28 40-35 863 4025 459 418 3:41 38-05

KNO;, 10:09 37-5 892 392 11:98 3915  6:52 403 474 3675
14-:02 3675 12:39 389 16:11 38-2 9:06 39:2 637 35-55
18:84 3595 1665 38-0 2096 370 1278 380 8:29 34-0
24-51 350 21-66 37-2 15-84 36°8

1-:86 41-6 544 41-1 2:66 4295 2:33 450 1:69 42-8
3:42  40-95 7-72 4015 6:57 4015 406 43-55 681 4075
4-61 40-55 9:23 3975 913 392 5:76  42-0 8:55 40-25

AgNO; 6:40 400 1442 381 12:27 37-8 801 40-55 13-48 3895
861 39:45 18:76 37-2 1596 36°5 1076 39-0 19-01 37-8
11-20 38-8 140 372 2843 36'3

2:65 3822 1:33  40-47 067 4232 524 3963 1-33 39-61
396 37-51 2:66 39-32 2:65 40-78 777 39:10 265 3848
524 37-05 396 38:53 5:24 3943 12:62 3682 524 37-0
777 3624 777 37-16 777 3844 1836 3521 777 3592
KCiOo, 10-22 3563 10-:23  36-44 10-22  37-57 2886 3299 12:62 34-17
12:62  35-02 12-62  35:78 12:62  36:92 3822 3090 1836 32-58
18:36 33-84 1836 34:54 18:36 3542 50-50 29-13 28:86 30-31
28:86 32:06 2886 32:57 28:86 33-21 38:22 28:42
3822 3087 3822 31-08 3822 31-65
50-50 29-36 50-50 29:50  50-50 29-89

1-86 3692 3:70 3791 5:52 385 1-86 42:64 370 3828
370 36-02 5:52  37-15 7-31  37-8 370 4165 552 37-33
5¢52  35:31 7-31 36+46 9:08 373 5:52  41-1 7-31 36-36
7-31 3473 10-83  35-64 12:55 3626  7-31 40-45 10-83 35-44
NaClO, 10-83  33-83 14-26 3478 1594 3546 10-83 3950 1426 34-35
14-:26  33-02 17-60 33-82 2560 3353 1426 3869 1760 33-5
1760 32-4 2560 32-81 40-24 3112 17-60 380 2560 31-8
2560 31-14  40-24 31-12 5329 29-39 2560 36-71 40-24 29-18
40-24 2903 5329 29-1 40-24 34-58 53-29 272
53:29 33-08
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TABLE 11
(Continued)
Solvent (mole %, DMSO)
Electrolyte 100 90 75 60 45

c.10* 4 cC.10* 4 cC.10* 4 cC.10* 4 cC.10* 4

16:48 36-2 3277  36-95 3277 388 2949 402 2949 378
32:77 35-55  48-88 36'3 48-88 381 4399 395 4399 3715

LiNO; 48-88 3510 64:-82 35-8 64-81 3755 5833 3895 58:33 366
64-81 347 806 3535 80-57 3665 7251 3845 72:51 361
80-57 3435 96:15 3495 96:15 36-20 10040 376

11-:03  36°35 11-03  37-55 11:03 384 9-29 389 9:29 34-75
16:50 36-15 16:50 37-2 16:50 3795 14-85 3815 14-85 33-9

NaBr 27-34 3565 27-34 3665 27-34 372 3426 363 3426 318
38-:07 353 38:07 36-2 38:07 366 5793 3465 57-93 30-01
5393 349 5393 357 53-93 35-85 71-81 338 71-81 291
7979 3435 7979 350

has been analysed by Shedlovsky method!?:!* using the least square computer
program of Salomon'* by supermicro computer (SM 32) at Himachal Pradesh
University, Shimla, India. The results obtained from computer calculations for
molar conductance at infinite dilution (4,), association constant (K,), standard
deviation (o), root mean square deviation (o,) and correlation coefficient (R) have
been presented in Table III.

The standard deviation of 4, and K, values given in Table III have been found to
be less than +0-2% 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., +0-2% this shows a good
applicability of Shedlovsky equation to our experimental conductance data.

The precision of our conductance measurements is +0-2%, hence the data has
not been analysed by any other conductance equation which requires higher precision
in conductance measurements and give similar A, values for an electrolyte but
different K, values which correspondingly produce no change in the r; values'’.
Also, our aim was only to see the solvation behaviour of ions in terms of their
solvated radii (r;) values which depend only upon the A, values of the electrolytes.

The observed A, 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.
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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 \/C 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 LiNO;, Bu,NNO,; and NaBr do not show any
ion-association in DMSO + dioxane mixtures. The ion association constant (K,)
in general increases with the decrease of dielectric constant for all studied electrolytes.
AgNO; 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 model® involving the following equations:

4% _ 535 - (0:0103D + 1)) @)
22 500 — (0-0103D + r,)

48 T T T T

Fig. 1

Plot of molar conductance A vs./C for
some electrolytes in DMSO containing
25 mole ¥, dioxane at 25°C: 0 BuyNBPh,,
0 A BuyNNOj;, 0 AgNO;, ® KNO;, @ LiNO,
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and

A3 + A2 = A,(Bu,NBPh,). (3)

Here r, is an empirical constant which depends upon the structure of solvent and
has been taken equal to 0-113 nm for DMSO as an associated solvent'¢~'® and equal
to 0-085 nm for dioxane as an unassociated solvent'®. In DMSO + dioxane mix-
tures, the r, values have been obtained by interpolation between the values 0-113 nm
and 0-085 nm, respectively.

Using Eqs (2) and (3), the A, values of Bu,NBPh, have been split up for A}
values of BuyN* and Ph,B~ ions in DMSO and DMSO + dioxane mixtures. A,
values of I” ion have been calculated from A? values of Bu,N* and A, values of
Bu,NI. From these values, the A] 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 4, values
of NaClO, and KNO, in Table III with the corresponding A, values calculated by
adding A{ values of Na*, K*, CIO; and NOj ions from Table IV. There is a close
agreement between these two sets of A, values of NaClO, and KNO; in DMSO
and DMSO + dioxane mixtures (with in maximum uncertainty of +0-2 conductance
units).

A2 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 (4,) for electrolytes, limiting ionic
conductance (1) 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 ().Oi) as a function of mole % of dioxane
for some ions has been shown in Fig. 2.

The ionic Walden product (/1?110) given in Table IV decreases in DMSO + dioxane
mixtures as the mole % of dioxane in the mixture increases. A decrease in the Walden
product with decreasing dielectric constant has also been observed by Fuoss'®.
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 mixtures?®. 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 (r;) of Li*, Na*; K*, Ag*, Et,N*, Bu,N*, Br™, I", NO;,
Ph,B~ and ClO; ions in DMSO and DMSO + dioxane mixtures have been cal-

Collect. Czech. Chem. Commun. (Vol. 56) (1991)
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culated using Gill’s modification®! 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.

ri = |Z| F2/(6nNnoA?) + 0-0103D + r,, “

where D and 7, are taken from Table I, and r, is an adjustable parameter of solvent
system as explained above. The r; values, thus, obtained are reported in Table IV.

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

In binary solvent mixtures if solvated radii (r;) 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-
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T
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1
- O % -
4 F 4
. 5L i
18 L i 0 ot } f
®
6 I .
14 . b o o— o———O—
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10 8 -
2+ 4
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. 80
0 0 dioxane, mOle°9o 0 dioxane, mole % &
FiG. 2 Fi1G. 3
Plot of limiting ionic conductance A for Plot of solvated radii »; for some ions vs
some ions vs mole % dioxane in DMSO - mole % dioxane in DMSO -+ dioxane mix-
dioxane mixtures at 25°C: O Bu4N+, A tures at 25°C: o Bu4N+, o Nat, @ K*
Et,N*, o Na*, ® Ag*, @ Ph,B™, © (A; o PhyB™, A CIO7, 0 NO3, ® I™ (B)

CIO;, ABr™, m1”
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-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 Li*, Na* and K* ions vary non-linearly with a maximum
in the AN-rich region of DMF + AN’ mixtures, showing preferential solvation
of these ions in DMF + AN systems. Li* and Na* ions show preferential solvation
in DMF + AC® and in DMSO + AN mixtures®. These results also indicate that
Li*, 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 (r;) values for these ions is observed in
DMSO + AN mixtures.

The r; values of anions Br™, I7, NO5, CIO; and Ph,B™ do not change from
DMSO to DMSO + dioxane mixtures and almost remain constant. Anions are
known to be poorly solvated in dipolar aprotic solvents?2. It is also clear from
Table IV that the solvated radii of Bu,N*, Et,N* 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 mixtures®'*. 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) . 10™* mol dm™3.

The molar concentration (C) and the corresponding y values are reported in

Table V. The y value has been defined as follows:

n—"o
y=—, (%)
Mo \/C

where 17, and 7 are viscosities of pure solvent or solvent mixture and solution, respecti-
vely. The n, values for each solvent mixture used to calculate y is the same as re-
ported in Table I.
The entire viscosity data has been analysed by Jones-Dole equation?? in the fol-
lowing form:
Yy =A+ B,/C. (6)
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TABLE V

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

Solvent (mole % DMSO)

Electrolyte 100 90 75 60 45

C.10* y.102 C.10* y.10%2 C.10* v .10 C.10* v .10%> C.10* y . 10?

1475 7-04 14-75 8:60 1475 7-78 1475 766 13-44 9584
2815 921 2815 1073 2815 1024 2815 981 2567 1222
40-39 10-83 4039 12-44 40-39 1178 40-39 1163 36:83 13-89
Buy,NBPh, 5161 12:05 51-61 13-54 51-61 13-24 51:61 12:85 4705 1520
61-93 13-12 6193 1463 61:93 1422 6193 1394 5647 16-02
71-46 13-88 71-46 1545 71-46 1525 71146 14:82 6515 1621

33-54 662 22-58  6-12 23-27 688 2276 763 22:54 905

6549 874 4311 7-82 4443 8:65 43-44 9:56 4303 11-24

Bu, NI 9595 1040 61:86 913 63:74 1005 62:33 1122 6174 12-83
125:03 11:63 79-04 10-02 81-45 11-14 79-64 12:35 7889 1415

15282 12:75  94-85 10:83 97-74 12:23 95-57 13-44 94:67 15'14

179:39 1364 10944 11-74 11278 12:78 110-:28 14:21 109-23 1622

24-35 7-24 17-25 6-91 21-22 8:65 19:25 866 21:34 1021

4649  9-63 32-94 862 40-51 1064 3675 11:27 40:73 13-10

NaBPh, 66:70 1140 4726 1073 5570 12-33 52:72 1313 5844 14:93
85-23 12:81 60-39 12:05 74-27 13-82 6737 1464 7467 1644

102-27 13-82  72:47 13-05 89-12 1495 §80-84 1581 8961 1805

118:0 15-08 83:61 13-94 102-83 16:C4 93-28 16-85 10339 19-27

50-27 7-52 4476  7-52 49-87 891 2636 792 2636 924
80-44 911 71-63 921 79-60 10-82 51-07 1021 51-07 1215
10828 1024 113-80 11-05 12045 13-04 11010 14-13 110-00 1626

Pr NI 134:06 11-44 135-51 11-83 14509 14-13 13619 15-94 13619 17-64
169-35 1252 155-72 12-81 168:C0 15-15 172-03 17:25 172:03 19-45
201-10 13-63 199:50 16:22

32-13 5-53 17-47 427 22:0 563 22:06 651 22:0 8:01

44:05 6:01 54-18 681 4222 7-33 42:32 832 4222 1002

Et,NI 61:05 692  72:93 7-83  65:27 872 6544 1004 6527 1173
82-18 804 11407 956 7806 944 7826 1078 78:06 12:44

97-0 8:63 135-45 1043 94:03 1025 9427 1166 94:03 13-55

108-88 10-86 108:88 14-21

22:92 392 2463 585 2730 667 1682 6:78 2730 860
4398 522 4062 693 3503 7-34 2158 7-45 3503 9-54

Me, NI 9797 7-41 54-86  7-60 45-59 809 2808 795 4559 10-42
113-43 805 6332 812 52:02 845 3205 834 52:(2 1086
139-61 874 7543 863 5802 883 5202 983 5802 11-37
16579  9-43 14507 1119
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TABLE V
(Continued)
Solvent (mole %, DMSO)
Electrolyte 100 90 75 60 45

C.10* w.102 C.10* y.10% C.10* v .10%2 C.10* v .10 C.10* v .10%

2498 522 2326 583 2228 644 3243 755 2057 812

4876  6'81 4542  7-55 4350 836 6191 10-04 40-16 1043

93-09 913 8671 9-84 8305 1074 8884 11:67 76:67 13-45

KI 133-57 1074 124-40 13-66 119-17 12-55 113-51 13-05 109-99 15-54
170-67 11-82 15896 13-08 152-27 13-81 136-22 13-95 140-55 17-24

240-81 13-01 190-75 14-09 182:72 1513 157-17 15-02 168-66 18-58

4435  6:02 238 6:63 2570 644 3243 755 31-80 9-04

84:67 840 6353 844 4906 845 6191 1004 6071 1165

121-48 999 91-16 9:65 7039 972 8884 1167 87-11 13-44

KCIO, 155-23 10-85 116-48 10-82 89-95 10-83 113-51 13-05 111-31 14-86
186:28 12-10 139-78 11-81 107-94 11-04 136-22 13-95 133-57 1594

21494 12-83 161:28 12-54 124-54 12-45 157-17 15-02 154-12 17-24

3436 692 2863 565 1982 744 2088 6:09 2609 655

65:60 835 5409 746 3785 889 3987 7-64 49-82  8-87

94-12 100 77-61 883 5430 10-02 57-21 9-22 71-48 10:40

NaClO, 120-27 11-03 9916 9-94 69-39 1091 7310 10-05 91-34 11-81
144-32  11-92 1190 10-66 8327 11-65 87-72 11-03 109-60 12-84

166-53 13-41 137'31 11-27 96-08 12-38 101-21 11-74 12647 13-82

3994 682 3798 805 3313 844 4437 965 3678 10-22
76-41 891 72:65 10°34 63-39 10-82 8490 12:64 70-37 13-02
109-84 10-43 104-44 12-11 91-12 12:55 122:04 14-73 101-15 15-44
Buy,NNO; 14060 11-74 133-68 13-62 116:63 13-94 156-21 16:62 129-47 17-04
16899 12:60 160-68 14-76 140-48 1513 187-75 18:01 155-62 1855
195-28 13-61 185:67 15-66 16199 1612 216:96 19-20 179-82 19:60

4024  5-81 41-59  7-14 4877 884 5272 9:80 30'55 9-14

76-98 793 7956  9:33 9330 11-61 100-86 12:93 7149 12-94

KNO, 110-66 932 114:37 11-07 134-12 13-64 144-99 15:25 107-52 15-42
141-64 10-54 146:39 12:32 171-67 15-25 185-58 17-21 129-23 1671

170-24 11-33 17595 1343 206-34 1662 223:-06 18-55 15884 1825

196:72 1211 203-32 14-44 23843 1763 257-76 19-82 185-38 19-55

4175 5-81 4017 689 2320 7-24 4446 832 4408 10-04

80-10 7-82 7707 9:35 4534 892 8528 1124 84-56 13-22

11543 922 111-:07 1092 66-50 10-41 12891 13-43 121-87 1561

AgNO, 148-10 10-43 142:50 12:25 86:74 1143 15770 15-20 156:36 17-55
178-:39 11-45 171-65 13-44 15960 14:56 189-95 16-61 15835 19-04

20656 12:34 190-75 14-28 221-66 16'87 219-94 17-82 218-:08 20-42
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TABLE V
(Continued)
Solvent (mole % DMSO)
Electrolyte 100 90 75 60 45

C.10* ¢.10% C.10* y.10* C.10* y.10® C.10* v .10 C.10* y . 10%

49-22 680 41-04 835 42:36 10-08 42:29 11:94 4329 11-64

94-42 9-03 7851 10-84 81:03 13:34 80-90 15-74 82:82 15-85

LiNO; 136:07 10-84 112-85 12-65 116-48 15-75 116:30 1850 119-05 1891
174:59 12:05 144-45 14-13 149-09 17-45 148-:86 20-63 152:38 21-26

210-30 1322 172-62 15-39 17920 19-02 17892 22-44 18315 23-22

243-50 14-13  200-63 16-45 232-96 20-33 206:75 23-90 211-64 25-04

24-46 545 44-61 7-04 2320 724 1955 692 3677 971
47-81 7-03 8534 925 4534 892 3821 8:84 7034 12:63
NaBr 91-47 923 122:68 1089 66-50 10-41 73:09 11-15 101-12 14-42
131-49 10-82 157-03 12-15 86-74 11:43 105-07 1292 12943 16°15
168:30 12:04 18874 1315 15960 14-56 134-49 14:44 155-57 17-44
202-29 1291 21810 1409 221-66 16:87 161:64 15-63 179:77 18-40

The plots of Y versus \/ C 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 equation?*:

. 0 __ 10\72
4y = — 22T __ [1 — 06863 (ﬂ- '12)] L (7)
no(DT)"/2 2923 Ao

where the symbols have their usual meanings. For the calculation of A, from Eq.
(7), no and D values have been taken from Table I. The A,, 49 and AJ 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 Coworkers®:” have also reported that as the DMF composition is increased
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in DMF + AC and DMF + AN mixtures, the viscosity B-coefficients increased.
Syal et al.®> have also observed that B-coefficients increased with the increase of
DMSO concentration in DMSO + AN mixtures.

TABLE VI

Falkenhagen—Vemon coefficient A,, (dm mol ™Y/ 2) and Jones-Dole viscosity coefficient®
B (dm? mol ™) for some electrolytes in DMSO and DMSO + dioxane mixtures at 25°C

3/2

Solvent (mole %%, DMSO)

Electrolyte 100 90 75 60 45

4,.10> B 4,.10° B 4,.10> B 4,.10° B 4,.10° B

Bu,NBPh, 198 1-46 1-71 1-:50 225 1-55 2-64 1-58  3:26 1:66

1-43°

Bu, NI 130 0-95 139 100 1-50 108 177 116 217 122
0-95°

NaBPh, 1-75 1-35 1-84 1440 210 145 236 153 295 162
1-32°

PryNI 1-22 0-85 1130 093 140 104 169 115 2:14 1-28

Et,NI 1-09 0-76 1120 082 130 090 1-56 102 196 1-10

Me, NI 1-03 0-69 1114 076 124 087 1447 100 189 110

KI 1-16 0-84 131 091 136 100 163 114 210 1-23
0-85°

KCIO, 1-12 0-81 121 089 133 098 157 109 2:06 1-19
0-81°

NaClO, 1-17 0-80 125 087 137 095 15 106 205 117
0-81°

Buy,NNO; 120  0-90 128 103 141 113 165 120 2:05 1-28
0-92°

KNO, 109 081 17 093 135 105 154 115 199 128

AgNO; 1-04 0-82 1113 095 125 108 144 118 194 1-28
0-82°

LiNO, 1-21 0-86 127 105 138 130 160 153 2:04 1-68
0-86°

NaBr 1-18 0-82 127 08 141 095 166 105 218 117

% The maximum uncertainty of the B values in this Table is +0-03 dm® mol~!.? Taken from
ref.>.
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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
Bu,NBPh, have been split up into ionic B, values using the following equations

as proposed by Gill®:
b (s )
B, \500

Bgynephy = By + B_ (9)

and

where Bg,,npph,) IS the experimentally determined B-coefficient for Bu,NBPh,.
Using these B (B, and B_) values, the B values (Table VI) of the electrolytes are
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Plot of wvs./C for some electrolytes in
DMSO containing 55 mole 9 dioxane at
25°C: o NaBPH,, a Bu,NI, 0o KCIO,,
@ AgNO;, @ NaBr

Plot of B, coefficients for some ions vs
mole % dioxane in DMSO + dioxane mix-
tures at 25°C: o PhyB, o Br, o1, @
NOj (A); o Bu,N*, o Et,N*, 0 Me,N*,
@ Li*, ANa*, @ K*, m Ag* (B)
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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 mol™1) coefficients ¢ in DMSO and DMSO + dioxane mixtures at 25°C

Solvent (mole % DMSO)

Ion
100 90 75 60 45

Buy,N* 0-66 0-67 0-70 071 0-75
0-65°

Pry,N*t 056 060 066 071 0-81
0-54¢

Et,N* 0-47 049 0-52 0-57 063
0-46°

Me,N* 0-40 043 0-49 0:56 063

Lit 0-60 0-70 0-87 1-07 1-17
0-59°

Na*t 055 0-57 0-60 0-66 0-71
0-54°

K* 0-55 0-58 0-62 0-69 0-76
0-55°

Ag? 0-56 0-60 065 072 0-77
0-55?

Ph,B~ 0-80 0-83 0-85 0-87 091
0-78°

Clog7 0-26 0-31 036 0-40 043
0-26°

NOj 026 035 0-43 0-46 0-51
0-27°

Br~ 0-27 0-31 0-35 0-39 0-46
0-31%

1~ 0-29 0-33 0-38 045 0-47
0-30°

“ The maximum uncertainty of B values in this table is +-0-03 dm® mol~!. Taken from ® ref.3;
< ref.*.
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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:

Ph,B™ > I" > Br~ > ClO; = NOj .

The ordering of B, values opposite to the ordering obtained for A% 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.>, DMF + AN and DMF + AC by
Gill and coworkers®?. 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 equation?® (which has been

obtained from the combination of Einstein viscosity equation with that of Jones
and Dole):

B, = ($Nnry + nV})[400, (10)

(where N is Avogadro’s number, r, the ionic radii, n the solvation number and V;
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
jons 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)/86 EMR I1.
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