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Flguro 4. Values of VE(max) plotted against the number of methyl 
groups In the methykubstituted benzene compounds. The same 
letters are used as In Flgure 3. No values of VE(max) for benzene + 
1,3dIoxolane and benzene + oxolane have been fourd in the Ilteretue. 

of naphthalene plays a less steric effect on ether than 
methylbenzene. 

I t  Is noteworthy that also VE curves show a trend similar to 
the HE curves, as can be seen from Figures 2 and 4. 
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Conductance Behavior of Some Potassium and Tetraalkylammonium 
Salts in Sulfolane + Water 

Ashwlnl K. Srlvadava' and Archana R. Desal 
Department of Chemlstty, University of Bombay, Vwanagari, Santacruz (E), Bombay 400 098, Indla 

Tho conductaco bohavlor of potassium picrate, sallcylak, 
bromide, and lodkk as woll as totraethylammonlum 
bromkk and totrabutylammonlum totraphenylborlde and 
lodldo has boon dudkd at x = 0.20, 0.40, 0.60, and 0.80 
(at 25 "C) and 1.0 (at 30 OC) for mixtures of x rutfolane + (1 - x )  water. The conductan- data aro organlzod 
and treated on tho bask of tho Fuom (1978) oquatlon 
wlng tho Fuorr computor program. Values of the limtling 
molar conductance (Ao), arroclatlon constant (KA),  and 
Corphoro dlamtor ( R )  are obtalnod as a rowit of the 
troatmont. The lhtllng Ionic mobilities of the indlvldual 
ions havo boon reportod on the bark of 
totrrbutyiammonlum totraphenylborlde reference 
ohtrdyto. Tho Walden product for oach systom 
Intorostlngly showod maxima and minima at different mole 
fractions of uttfdane dudlod. 

Introduction 

Sulfolane (tetramethylene sulfone) is of Intermediate dielectric 
constant (43.3 at 30 OC) and belongs to the family of proto- 
phobic aprotlc solvents. The value of pK,(S) of sulfolane as 
a Bronsted acid Is estimated to be greater than 31 (7 ) ,  and in 
addition, sulfolane is known to behave as a very weak base 
@K,(SH+) = -12.9) (2). Thus, the solvent is expected to cover 
an acidlty range of over 40 pH units, and therefore, it Is a good 
solvent for a varlety of organic and lnorganlc materials. Ion- 
dlpole-type solute-solvent lnteractlons are expectedly much 
favored In sulfolane owlng to its high dipole moment (4.7). 
Furthermore, selectlve solvation of Ions in binary solvent mlx- 
tures invoMng a protic and a dlpolar aprotic solvent Is of con- 
siderable Importance, both from a fundamental (3) and from a 
technological polnt of view (4) .  

Although the behavior of electrolytes In sulfolane has been 
the subject of several conductance Investigations, there have 
been a few conductance studles In sulfolane + water mixtures 
(5-7). The purpose of the present work Is to study the be- 

havior of some potassium and tetraalkylammonlum salts for x 
= 0.2, 0.4, 0.6, 0.8, and 1.0 for xsulfolane + (1 - x )  water 
though conductMty measurements. The limiting lonlc mobllltle~~ 
of lndlvidual Ions have been determlned on the basis of the 
llmitlng molar conductance of the reference electrolyte tetra- 
butylammonlum tetraphenylborlde In the above sulfolane + 
water mixtures. 

Exporlmontal Soctlon 

Sdvmt. Commercially available sulfolane (99% pure; Fluka) 
was first heated with solld NaOH at 100-180 O C ,  for 24 h, for 
complete thermal decomposition of 3-sulfoiene and ellmlnatlon 
of SO2 and other volatile Impurities (if present). This product 
was distilled twlce under reduced pressure In the presence of 
NaOH. Finally, a third distillation was carried out without any 
additive under reduced pressure. The fraction boiling at ap- 
proximately 80 OC at -133 Pa was used In the present In- 
vestigation. The speclflc conductance of the purified solvent 
ranged between 4 X lo-' and 5 X lo-' S cm-' at 30 O C .  

Infrared measurements of sulfolane purified In this manner did 
not reveal any extraneous peaks. 

Demineralized water, distllled twice from a Cornlng glass still 
was used to prepare sulfolane + water mixtures. The speciflc 
conductlvky of water varied between 7 X lo-' and 9 X lo-' 
S cm-l. 

Weighed amounts of sulfolane and water were mixed to- 
gether to obtain the desired compositions. 

ChrmlcslL. Potassium plcrate was prepared by neutralizing 
recrystallized plcrlc acid solution with potassium hydroxide so- 
lutkn. The product obtalned was recrystaUlzed three times frm 
water and then finally with dlstlled alcohol. I t  was dried at 100 
OC. 

Potassium salicylate was prepared by adding potassium hy- 
dro- to a solution of salicylic acid. The product obtained was 
recrystalllzed twice with aqueous alcohol. 

Tetra-n-butylammonlum tetraphenylborlde was prepared by 
the addition of equlmolar quantitles of tetra-n-butylammonlum 
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Table I. Dielectric Constant e, Density p, and Viscosity r) 
for x Sulfolane + ( I  - I) Water at 26 "C 

X c P/ (g cm-? 102V/P 
0.00 78.30 0.9971 0.8903 
0.20 61.0 1.155 2.47" 
0.40 53.7 1.210 3.91" 
0.60 49.6 1.238 5.49 
0.80 47.0 1.255 7.48" 
1.00 43.32b 1.2615* 10.30"~* 

a Present work. At 30 O C .  

iodide in aqueous solution to an aqueous solution of sodium 
tetraphenyiboride. The precipitate which formed was filtered 
and recrystallized from a 3:l mixture of acetone and water. 
After being dried under vacuum, the product had a metting point 
of 234 OC. 

Potassium bromide (SD, India) was recrystaiilzed three times 
with alcohol. Tstraethylammonium bromide (SISCO, India) was 
dried under vacuum for 12 h before use. Potassium iodide 
(SISCO, India), tetra-n-butylammonium iodide (SISCO, India), 
and sodium tetraphenyborkb (Merck) were higbplvlty materials 
and were used without further purification. 

Conductance Meaaurments. Ail conductances were 
measured, either at 25 or 30 f 0.05 OC, using a dip-type cell 
(d constant 0.9200 at 25 "C) with lightly platinized electrodes. 
The working sdutions were prepared by adding aiiquots of stock 
solutions to a known volume of the solvent using a microliter 
syringe Wet. A Toshnlwai conductivity meter, type CL01.07A, 
was used in the measurements. The reported conductances 
refer to a frequency of 3 kHz. Ail equivalent conductances 
were calculated after correcting for the solvent conductance. 

vkcorsly Mea8ufments. A Brookfield LVT DVI I  viscom- 
eter with a UL adapter was used to measure the viscosity of 
the required mole fraction of suifoiane + water mixtures. 

Roruttr and Dkcurrlon 

The physical properties density @), dielectric constant (D),  
and viscosity (7) of sulfolane + water mixtures (5) are given 
in Table I .  The molar conductance values (A (S cm2 mol-')) 
as a function of concentration (c (mol dm3)) in suifoiane at 30 

0 4 ,  , , , , , , , 
0 02 06 06 0 8  10 

Mole fraction of T M S  

2 

Figure 1. Variation of A. (S cm2 mol-') wlth x :  KBr 0; K I  (El); 
potesskm saUcylate (0): Et,NBr (X); potasskrm picrate (0); h 4 N I  (A); 
Bu,NBPh, (A). 

OC and in four compositions of sulfolane + water mixtures at 
25 OC are shown in Tables I 1  and 111, respectively. The 
conductance data are analyzed by the Fuoss (1978) conduc- 
tance-concentration equation (8), following the method of 
calculations suggested by Fuoss (9). For a given set of con- 
ductance data (c,, A,, ) = 1, ..., N )  preferably spanning a 
concentration range of at least a decade, the three adjustable 
parameters limiting molar conductance (A,,), association con- 
stant (KA), and cosphere diameter ( R )  are derived from the 
following three equations: 

(1 )  

(2) 

(3) 

A = p [A,,(l + h / x )  + A&] 

y = 1 - K,cy2f2 

In f = - B ~ / 2 ( l  + KR)  

Table 11. Molar Conductance A at Concentration c of Various Salts in Sulfolane at 30 OC 
104c/(mol dm-3) A/(S cm2 mol-') 104c/(mol dm-3) A/(S cm2 mol-') l@c/(mol dm-7 A/(S cm2 mol-') 

Potassium Picrate Potassium Salicylate KI 
214.6 7.16 
156.0 7.49 
124.6 7.63 
100.0 7.71 
81.0 8.22 
60.6 8.26 
41.0 8.19 
20.0 8.54 
15.1 8.62 
12.6 8.76 
10.1 8.89 
7.6 8.98 

Bu4NBPh4 
93.6 4.94 
80.0 4.97 
63.7 5.05 
48.3 5.13 
23.2 5.28 
20.5 5.30 
15.5 5.35 
12.5 5.38 
10.1 5.39 
8.4 5.40 
6.6 5.43 
4.5 5.45 

201.1 
153.9 
126.9 
108.4 
81.0 
60.5 
41.1 
16.5 
13.8 
11.1 
8.3 

Bu,NI 
155.6 
106.5 
83.4 
63.6 
40.3 
20.3 
15.0 
12.6 
10.2 
8.3 
6.4 

4.12 
4.53 
4.83 
5.02 
5.32 
5.75 
6.02 
6.65 
6.70 
6.80 
6.90 

9.33 
9.46 
9.57 
9.58 
9.69 
9.70 
9.83 
9.85 
9.86 
9.87 
9.90 

202.4 
101.2 
80.1 
61.2 
42.9 
21.1 
15.4 
11.9 
9.6 
7.2 
4.8 

205.2 
150.7 
126.3 
105.9 
80.8 
63.0 
40.5 
21.9 
15.9 
12.8 
10.7 
8.6 
6.5 
4.3 

10.32 
10.67 
10.71 
10.78 
10.89 
11.02 
11.05 
11.08 
11.09 
11.17 
11.23 

Et4NBr 
10.39 
10.64 
10.87 
10.98 
11.25 
11.41 
11.67 
11.70 
11.93 
11.94 
11.95 
12.09 
12.12 
12.24 
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Table 111. Conductance Data for I Sulfolane + (1 - x) Water at 25 O C  
~~ 

x = 0.20 x = 0.40 x = 0.60 x = 0.80 

(mol d m 3  (S cm2 mol-') (mol dm-? (S cm2 mol-') (mol dm-3) (S cm2 mol-') (mol dm-3) (S cm2 mol-') 
10'c/ A I  lo%/ A I  10'cl A/ lo%/ A I  

203.2 
128.2 
100.2 
81.8 
62.3 
40.2 
20.7 
16.7 
13.9 
11.2 
8.4 
5.6 
2.8 

153.6 
126.6 
100.6 
82.9 
60.7 
40.3 
20.2 
15.1 
12.5 
10.8 

149.7 
126.6 
108.3 
88.9 
68.5 
47.0 
19.5 
16.3 
13.1 
9.8 
6.6 
3.3 

220.3 
156.0 
125.9 
103.7 
80.1 
61.5 
42.0 
21.5 
15.9 
11.6 
8.7 
5.8 

12.2 
7.1 
6.6 
6.1 
5.4 
4.6 
3.5 
2.0 

38.13 
38.72 
39.01 
39.30 
39.95 
40.65 
41.44 
41.55 
41.60 
41.76 
41.99 
42.20 
42.58 

45.04 
45.69 
46.78 
47.16 
47.60 
48.43 
49.15 
49.42 
49.58 
49.73 

55.73 
55.93 
56.00 
56.13 
56.50 
56.66 
57.02 
57.15 
57.16 
57.32 
57.42 
57.53 

54.06 
55.49 
56.27 
56.82 
57.65 
58.31 
59.18 
60.27 
60.60 
61.07 
61.38 
61.59 

17.89 
18.56 
18.64 
18.69 
18.81 
19.01 
19.26 
19.61 

127.3 
106.8 
81.1 
60.9 
40.9 
20.2 
15.0 
12.9 
10.8 
8.7 
6.5 
4.4 
2.2 

156.2 
128.7 
103.7 
81.0 
62.5 
40.4 
20.8 
16.7 
14.0 
11.2 
8.5 
5.7 

201.2 
106.4 
80.1 
60.1 
40.8 
20.8 
15.0 
13.1 
10.1 
8.1 
6.1 
4.1 
2.1 

201.0 
153.2 
103.8 
80.2 
60.8 
40.6 
20.6 
15.6 
10.5 
8.4 
6.4 

32.3 
21.5 
15.0 
12.1 
10.2 
8.7 
6.8 
4.9 
3.9 
2.8 
1.8 

Potassium Picrate 
22.50 188.2 
22.79 121.0 
23.00 102.6 
23.19 81.9 
23.41 61.5 
23.59 42.0 
23.69 20.2 
23.75 16.3 
23.77 12.3 
23.84 10.7 
23.85 8.3 
23.96 6.7 
23.97 4.2 

2.5 

Potassium Salicvlate 
26.78 
27.11 
27.62 
27.80 
28.11 
29.03 
29.27 
29.38 
29.44 
29.59 
29.63 
29.83 

26.21 
27.68 
27.82 
27.83 
28.03 
28.08 
28.12 
28.14 
28.17 
28.36 
28.38 
28.53 
28.63 

26.27 
27.06 
27.82 
28.19 
28.77 
29.10 
29.80 
29.90 
30.36 
30.54 
30.55 

i35.1 
137.1 
107.3 
81.5 
63.8 
40.7 
20.9 
16.1 
13.0 
9.8 
6.5 

KI 
212.3 
161.8 
116.8 
81.4 
60.7 
41.9 
21.8 
15.4 
11.1 
8.9 
6.7 
4.5 
2.3 

108.0 
82.6 
60.3 
42.3 
23.0 
15.2 
12.9 
10.6 
7.1 
4.8 

KBr 

Bu~NBP h4 
10.71 63.0 
10.86 41.7 
10.95 42.3 
11.02 15.2 
11.10 12.5 
11.17 10.3 
11.24 8.0 
11.29 6.2 
11.35 4.5 
11.38 3.4 
11.41 1.7 

12.94 
13.18 
13.43 
13.70 
13.73 
13.84 
13.88 
13.91 
13.94 
13.96 
14.01 
14.03 
14.06 
14.11 

16.39 
18.00 
18.24 
18.71 
19.12 
20.06 
20.44 
20.65 
20.89 
21.10 
21.24 

19.22 
19.47 
19.72 
19.99 
20.09 
20.26 
20.35 
20.42 
20.44 
20.48 
20.52 
20.55 
20.79 

18.52 
19.12 
19.78 
20.42 
21.23 
21.75 
22.00 
22.28 
22.31 
22.70 

8.26 
8.39 
8.51 
8.56 
8.60 
8.62 
8.63 
8.64 
8.66 
8.73 
8.79 

201.7 
151.5 
123.6 
102.1 
84.2 
64.4 
42.5 
20.5 
15.4 
12.7 
10.1 
8.3 

191.3 
137.0 
104.4 
83.6 
64.1 
43.1 
20.6 
12.3 
9.7 
7.4 
5.0 
2.5 

161.2 
126.0 
108.6 
80.4 
61.2 
40.8 
20.3 
17.7 
13.7 
11.0 
8.3 

211.0 
158.3 
125.7 
103.9 
85.6 
65.5 
43.2 
20.0 
15.6 
12.9 
10.2 
8.4 
6.6 
4.7 
2.8 

55.9 
50.4 
41.9 
33.3 
21.0 
14.3 
12.5 
10.6 
8.6 
6.6 
4.1 
2.3 
1.6 

9.49 
9.87 

10.07 
10.03 
10.15 
10.32 
10.48 
10.52 
10.65 
10.70 
10.75 
10.79 

10.33 
10.85 
11.19 
11.48 
11.79 
12.18 
12.65 
12.80 
12.85 
12.96 
13.12 
13.23 

15.04 
15.13 
15.34 
15.62 
16.11 
16.39 
16.50 
16.63 
16.75 
16.79 
16.92 

16.57 
17.54 
17.88 
18.36 
18.76 
19.03 
19.84 
20.26 
20.34 
20.45 
20.69 
20.78 
20.82 
20.95 
21.18 

6.74 
6.84 
7.04 
7.10 
7.31 
7.45 
7.51 
7.62 

7.71 
7.82 
7.91 
8.01 

7.81 
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Table I11 (Continued) 
x = 0.20 x = 0.40 x = 0.60 x = 0.80 

(mol dm-9 (S cm2 mol-') (mol dm") (S cm2 mol-') (mol dm-3) (S cm2 mol-') (mol dm-3) (s 0 2  mol-') 
lo%/ A/ 1 0 4 ~ ~  A/ lo%/ A/ lo%/ A/ 

204.5 
100.7 
83.0 
60.0 
40.3 
21.1 
16.0 
13.4 
10.8 
8.1 
6.4 
4.6 
2.7 

223.0 
150.2 
126.0 
100.4 
81.4 
61.5 
40.7 
22.6 
18.9 
15.2 
11.5 
7.7 

34.10 
34.88 
35.33 
35.59 
35.82 
36.17 
36.31 
36.37 
36.46 
36.47 
36.51 
36.66 
36.73 

43.60 
44.33 
44.79 
44.90 
45.21 
45.42 
45.83 
46.40 
46.47 
46.52 
46.61 
46.83 

202.5 
102.4 
80.0 
61.2 
40.3 
20.3 
14.6 
12.9 
10.4 
8.7 
6.1 
4.4 
2.6 

145.5 
123.4 
105.1 
80.6 
60.2 
40.3 
20.5 
15.8 
11.9 
10.0 
8.0 
6.0 

21.77 
22.32 
22.46 
22.69 
22.88 
22.94 
23.00 
23.07 
23.09 
23.16 
23.26 
23.38 
23.79 

23.75 
24.22 
24.56 
25.11 
25.71 
26.39 
27.21 
27.46 
27.76 
27.94 
28.06 
28.33 

Bu4NI 
201.7 
103.2 
82.4 
60.0 
40.1 
20.3 
15.6 
12.4 
10.8 
8.4 
6.7 
4.2 

Et4NBr 
222.3 
162.5 
128.1 
108.1 
97.9 
81.7 
62.2 
41.5 
22.9 
19.7 
16.5 
13.2 
10.0 
6.7 

0 ' 
o 0 2  0 4  0 6  O B  i o  i z  

mole fraction of TMS 

Fbw 2. Variatbn of aait Walden product (47 (S cm2 mot' P)) with 
x :  K b  (W); K I  (m); potassium salicylate (0); Et,NBr (X); potassium 
picrate (0); Bu,NI (A); Bu4NBPh4 (A). 

Here Axlx  and AAe are the relaxation and electrophoretic 
terms, respectively, and expressions used for these terms are 
the same as those used by Fuoss (8). The program SCAN ON 
wo Is used to compute the conductance parameters. Various 
parameters thus derived from the conductance data are as- 
ziembled in Table IV; u (%) & the standard deviation calculated 
as a percentage of the iimitlng molar conductance (i.e., u X 
lOO/A,). The last column gives the correspondlng Walden 
product (&,tl) values. 

According to the assumptions of Fuoss et ai. ( 70, 7 7), the 
ilmiting transference number for the Bu4N+ ion in Bu4NBPh4 is 
0.519 and Wepdent of the kind of solvent used, so the ionic 

relatkin: 
nmltlng conduct~ty W ~ S  calculeteed ~n the basis of the folkwing 

The amitlng ionic conductances (A",) and the Walden products 

15.89 
16.21 
16.30 
16.43 
16.51 
16.65 
16.67 
16.69 
16.76 
16.77 
16.82 
17.05 

19.27 
19.72 
19.97 
20.18 
20.21 
20.29 
20.85 
21.40 
21.46 
21.48 
21.54 
21.67 
21.82 
21.86 

217.0 
150.3 
126.0 
100.3 
81.0 
64.5 
42.6 
20.2 
15.3 
12.8 
10.3 
7.7 
5.2 
2.6 

209.1 
152.9 
126.1 
108.9 
97.0 
79.6 
61.2 
41.9 
21.5 
18.5 
15.5 
12.4 
9.4 
6.3 
3.1 

11.28 
11.90 
11.96 
12.04 
12.29 
12.51 
12.85 
13.00 
13.06 
13.11 
13.20 
13.26 
13.58 
13.62 

14.09 
14.63 
14.88 
15.03 
15.18 
15.30 
15.72 
16.04 
16.37 
16.59 
16.60 
16.73 
16.67 
16.77 
17.04 

0 9  1 O j  

0 8 -  

0 7 -  

_I 

f 0 6 -  

i 
0.5- 

0 4 -  

"'1 
0 0 2  0 4  0 6  0 0  1 0  1 2  

mole fract ion of TMS 

Flgum 9. Variatbn of bnic W a b  product (&,Q (S cm2 mor' P)) wlth 
x: B r  (B); sallcylete(-) (0); I- (El); K+ (e); Et4N+ (X); Ph4B- (A); 
picrate(-) (0); BU,N+ (A). 

of ions (Xo,tl) are presented in Table V. The limiting ionic 
COndLIctBnces 2.95, 4.26, 7.22, and 5.03 for Bu4N+, K+, I-, and 
picrate(-) ions, respectively, in sulfdane at 30 O C  obtained In 
the present work are in agreement wkh the values 2.80, 4.05, 
7.22, and 5.28, respectively, reported in the literature (12). 

The Hmiting molar conductance variations wkh mole fraction 
of sulfolane are shown in Flgwe 1. A decrease in A,, for each 
ebctmlyte wkh a corresponding increase in the viscosity of the 
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Table IV. Derived Conductance Parameters for Salts in Sulfolane + Water Mixtures at 25 O C  and in Sulfolane at 30 OC 

A0 Ado/ A071 
X (S cm2 mol-') KA KR KS R / A  a/ 5% (S cm2 mol-' P) 

0.20 
0.40 
0.60 
0.80 
1.00 

0.20 
0.40 
0.60 
0.80 
1.00 

0.20 
0.40 
0.60 
0.80 
1.00 

0.20 
0.40 
0.60 
0.80 

0.20 
0.40 
0.60 
0.80 
1.00 

0.20 
0.40 
0.60 
0.80 
1.00 

0.20 
0.40 
0.60 
0.80 
1.00 

43.30 * 0.06 
24.49 f 0.04 
14.47 f 0.06 
11.21 f 0.48 
9.29 0.07 

51.33 f 0.12 
30.65 * 0.07 
22.06 0.08 
13.58 f 0.04 
7.64 f 0.08 

58.37 * 0.05 
29.08 f 0.12 
21.07 * 0.05 
17.51 0.06 
11.48 i 0.02 

62.87 * 0.02 
31.43 * 0.05 
23.45 0.05 
21.60 0.07 

20.52 0.02 
11.73 0.01 
8.90 * 0.02 
8.18 f 0.03 
5.68 0.01 

37.47 0.06 
23.90 0.05 
17.28 0.03 
13.84 * 0.05 
10.17 f 0.02 

47.99 f 0.06 
29.17 f 0.02 
22.58 0.06 
17.43 0.04 
12.54 f 0.03 

78.76 
42.93 
75.03 
30.15 
27.08 

10.27 
16.57 
24.02 
25.99 
80.55 

72.42 
47.52 
61.31 
21.09 
61.33 

9.81 
13.98 
59.34 
24.45 

411.83 
117.83 
33.64 
48.29 
42.31 

31.73 
47.71 
125.52 
21.41 
113.12 

16.36 
42.89 
20.05 
22.47 
25.36 

Potassium Picrate 
63.14 0.25 
38.40 0.12 
68.48 0.10 
21.77 0.38 
9.00 2.01 

Potassium Salicylate 
4.07 1.52 
8.67 0.91 
4.35 4.53 
5.73 3.53 
4.00 19.14 

KI 
69.79 0.04 
43.17 0.10 
55.85 0.10 
9.93 1.12 
53.37 0.15 

KBr 
3.21 2.05 
4.76 1.94 
20.94 1.83 
5.73 3.26 

BudNBPh4 
248.37 0.66 
6.46 0.22 
31.75 0.06 
13.87 2.48 
29.83 0.42 

B u ~ N I  
28.06 0.13 
43.17 0.10 
117.68 0.07 
9.93 1.16 

104.10 0.09 

Et,NBr 
13.34 0.23 
19.84 1.16 
11.18 0.79 
8.31 1.70 
12.59 1.01 

26 
21 
26 
16 
10 

8 
11 
7 
8 
5 

27 
22 
24 
11 
23 

7 
8 
16 
8 

43 
30 
21 
13 
18 

19 
22 
32 
11 
30 

14 
16 
12 
10 
12 

0.27 
0.39 
0.90 
0.81 
1.32 

0.40 
0.46 
0.64 
0.55 
1.38 

0.16 
0.98 
0.50 
0.65 
0.28 

0.08 
0.32 
0.33 
0.74 

0.09 
0.20 
0.54 
0.69 
0.30 

0.38 
0.54 
0.32 
0.76 
0.33 

0.24 
0.16 
0.58 
0.47 
0.53 

1.069 
0.957 
0.794 
0.838 
0.953 

1.260 
1.198 
1.211 
1.015 
0.784 

1.444 
1.136 
1.156 
1.310 
1.189 

1.552 
1.228 
1.287 
1.615 

0.506 
0.458 
0.488 
0.611 
0.583 

0.925 
0.934 
0.948 
1.035 
1.044 

1.185 
1.140 
1.239 
1.304 
1.287 

Table V. Limiting Ionic Conductances X, and Ionic Walden Products X,r, in Sulfolane at 30 O C  and in Sulfolane + Water 
Mixtures at 25 O C  

X BurN+ Et,N+ K+ I- Br- salicylate(-) picrate(-) P h B -  

0.20 
0.40 
0.60 
0.80 
1.00 

0.20 
0.40 
0.60 
0.80 
1.00 

"From ref 12. 

10.65 
6.09 
4.62 
4.24 
2.95 

0.263 
0.238 
0.254 
0.317 
0.304 

16.67 
9.01 
7.54 
3.74 
3.62 

0.412 
0.352 
0.414 
0.280 
0.373 

31.55 
11.27 
8.41 
7.91 
4.26 

0.779 
0.441 
0.462 
0.592 
0.439 

xo/(S cm2 mol-') 
26.82 31.32 
17.81 20.16 
12.66 15.04 
9.60 13.69 
7.22 8.92" 

0.663 0.774 
0.696 0.788 
0.695 0.826 
0.718 1.024 
0.744 0.919 

xov/(S cm2 mol-' p )  

solvent mixtures has been observed. 
The variations of salt and ionic Waiden products for each 

system wkh mole fraction of sulfolane are presented in Figures 
2 and 3, respectively. It Is observed from Figure 2 that tetra- 
aikylammonium salts nearly obey the Waiden rule while po- 
tassium salts show devlation from the rule. 

The associatbn constant or conductimetric paking constant 
(K,) for ail the systems Is found to be generally appreciable 
(>lo) which reflects significant association in suifdene and Its 

19.78 
19.38 
13.65 
5.67 
3.38 

0.489 
0.758 
0.749 
0.424 
0.348 

11.75 
13.22 
6.06 
3.30 
5.03 

0.290 
0.517 
0.333 
0.247 
0.518 

9.87 
5.64 
4.28 
3.94 
2.73 

0.244 
0.221 
0.235 
0.295 
0.281 

water "s. Thls assodation constant Is the product of two 
terms (8),  ne (KR) of which depends expkttly on the dielectric 
constant of the solvent while the other (K,) is system specific 
depending on short-range bn-bn and ion-solvent interactions. 
The relationship Is given as 

(4) 

As is evident from Table IV ,  K, values for the three potas- 
sium salts in sulfdene were found to be in the order potassium 

KA = KR(1 + K,) 
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0 
1.6 1 .8  2.0 2.2 2 4 

( l / D ) X  1 6 2  

Fbum 4. log K A  vs ( l l D )  X lo-* for salts. Bu,NBPh, (A); potassium 
plcrate (0); K I  (a); Bu,NI (A): Et,NBr (X); potassium salicylate (0); 
KBr 0. 

picrate C K I  C potasslum salicylate, indicating that the ion- 
solvent electrostatic interaction is greater in the case of picrate 
ion as compared to salicylate ion (cation being common). This 
order is reversed in suifoiane + water mixtures. 

The comrentknai bg  K, vs 1 /D  graph given in Flgure 4 never 
showed any linear varlatlon for all the salts studied. This in- 
dicates that Ion assoclatlon may not be solelydependent on the 
dielectric constant of the medium: however, the other factors 
Hke shape, size, dlpole moment, polarizabiilty, and possibly other 
details of solvent molecules could also be taken into account 
for the rationalization of association constant values obtained 
in the present work. 

The cosphere diemeter (R) values for all the salts under study 
in sulfolane and sulfolane + water mixtures are also porbayed 
in Tables IV and V, respectively. The R values were found to 
have a somewhat kregular trend in the solvents studied. As R 
is the measure of the extent of influence of ionic charge in the 
solvent and consequently the bnic assodation, Rand KA values 
are expected to increase with the decrease of the dielectric 
constant of the solvents, but no systematic trend in R values 
for ail the satts studied has been observed in the given solvent 
mixture (suifolane + water). Since the best flt conductance 
parameters are reproduced equally well over a wide range of 
arbitrarily chosen R values, a comprehensive correlation of the 
cosphere diemeter of the respective system could not be made 
in the present Instance. 

R~gldry  No. KI, 7681-11-0; Bu,N+Ph,B-, 15522-59-5 Bu,N+I-, 311- 
28-4; Et,N+Br-, 71-91-0 KBr, 7758-02-3; potasslum picrate, 573-83-1; 
potassium, 576-38-9; sulfolane, 126-33-0. 
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Excess Molar Volumes of I-Chloronaphthalene and 
I-Methylnaphthalene 4- Five Methyl n-Alkyl Ketones at 298.15 K 
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Centro di Studio per la Fisica delle Mac"o~C0le del CNR, via Seimi2, 40126 Bologna, Ita& 

Romolo Francesconl 
Di~rtJmento di Chimica "G. Ciamician ", Universita ' degli Studi, via Seimi 2, 40 126 Bologna, Italy 

Excess molar volumes YE of lchloronaphthalene and 
l+nethylnaphthalene + flve methyl n-alkyl ketones have 
been determined from denstty mawrements at 298.15 K 
and atmorph.rlc proamre by means of an Anton Paar 
dlgltal denshnetw. Values of Vc are all negatlve (-0.9 Q 
Vc,,,,J(cma mol-') 6 -0.7). The varlatlon of VE wlth 
mokcular rlto k dkcussed. 

Introduction 

In  previous publicatbns ( 7 ,  Z) ,  the excess molar enthalpies 
HE of l-chloronaphthaiene and 1-methylnaphthalene + five 
methyl n-aikyi ketones were reported. This paper reports the 
excess mder volumes VE of the same systems. These results 
provide more information about the thermodynamic properties 
of these mixtures. 

Table 1. Densities p of P u r e  Components at 298.16 K and 
Comparison w i t h  L i te ra ture  Data 

p l ( g  cm-9 
component this paper lit. 

1-chloronaphthalene 1.188093 1.188 11 (3) 
1-methylnaphthalene 1.015 430 1.016 76 ( I )  
2-propanone 0.785005 0.7847 (4) 
2-butanone 0.799 905 0.799 45 (2) 
2-pentanone 0.801 400 0.801 5 (1) 
2-octanone 0.814 359 0.814 3 (I) 
2-undecanone 0.821 704 no lit. data at 298.15 K 

Experimental M l o n  

ReageMs. 1Chioronaphthaiene and l-methylnaphthaiene, 
a Kodak and an Aidrich product, analytical grade 99% and 
98 % , respectively, were purified by two fractional distillations 
through a 120 theoretical plate column at the rate of 30 mL/h. 
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