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Solubftftles of Inorganic Salts and Tetraalkylammonium Iodpdes in 
Sulfolane at Several Temperatures 

Pankaj Srlvastava,' Mohd. M. Husaln, and Ram Gopal+ 

Department of Chemistty, Lucknow University, Lucknow -226007, India 

SohbMes of some common salts and 
t e t r a d k y l a m "  lodtdes (R,NI) In sublane have been 
determined at dlfferent temperatures. In  general, 
solubl#tles of dkaH metal haJldes are In the order Iodides 
> bromldeo > chlorides. The sdub#nles of R4NI salts 
Increase wHh gmwlng alkyl chaln from Me,NI to n-Bu,NI. 
Enthalph of rdutkn of sparingly soluble haHder have 
been estimated from the sdublklty data and are used to 
evaluate the sohation enthalpies ln studying the 
sdute-wlvent lnteradlon In sultolane. 

Introductlon 

A reference to the literature reveals that the solubilities of 
electrolytes in sulfotane ( 7 )  are, in general, not available except 
for some perchlorates and the sparlngQ soluble cMorldes at 40 
OC only. I t  is, therefore, deskable to obtain the useful soiubMty 
data in detail and thus to have an Mea of solute-solvent inter- 
action in thls solvent. As mentioned earlier, the solubilities of 
some sparhly soluble salts have been determined in sulfolane 
at 40 OC radiochemically (7) ;  it would be interesting to verify 
them by conductivity method and extend the data to other 
temperatures as well. The present communication reports 
some studies in this direction. 

Expodmental Sectlon 

Sulfolane (Fluka, puriss) was purified as reported earlier (2); 
the melting polnts of samples used were close to 27 OC, density 
(dNoC), being 1.2515 g mL-'. The common salts were re- 
crystallized twice from conductivity water and dried under 
vacuum before use and the R4NI salts were purified as de- 
scribed elsewhere (3, 4). In  order to conserve the costly 
solvent, care was taken to use its minimum quantity: the solu- 
billties of fairly soluble salts were determined by either evapo- 
ration (5) or synthetic method (6 ) ,  according to suitability. A 
brief description of the methods used is given below. 

Evaporath Method. A petri dish containing a weighed 
sample of clear saturated solution, at a desired temperature, 
was heated carefully in an oven and finally on an electrical 
heater to expel the solvent completely. Too rapid heating was 
avoided to check the spurting of solution and charring of SUI- 
folane. The dish was then cooled in a dry nitrogen box and 
weighed. The process was repeated to obtain a constant 
weight of solute from which the solubility was calculated as 
usual. The results are, in general, the mean of solubilities with 
three different samples at given temperatures and are satis- 
factorily reproducible. 

@m#wtk AWhod. Known amounts of finely grounded solute 
(R4NI) and sulfolane were sealed in a Corning glass tube. The 
ampule was then placed in a thermostat whose temperature 
could be raised slowly in 0.10 OC intervals, when desired. The 
temperature of the bath was held constant (f0.03 "C) for 
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Table I. Solubilities of Some Common Salts in Sulfolane at 
Different Temperatures by the Evaporation Method 

solubilitv? e Der 100 e of sulfolane 
salt 

NaNO, 
NaNOSb 
NaIb 
KN03 
KBr 
KIb 

KCNS 
SrC12 
PbClzb 

KIO, 

40 "C 
0.0155 
0.4553 

0.0450 
0.1363 

0.0589 

0.1434 
0.4829 

29.41 

19.69 

18.59 

45 "C 
0.0822 
0.4021 

0.0990 
0.1658 

0.0869 

0.1638 
0.2674 

22.48 

18.40 

20.59 

50 "C 
0.1429 
0.3672 

0.1955 
0.2921 

0.1207 

0.2349 
0.0934 

18.89 

17.71 

21.44 

55 "C 
0.2048 
0.3370 

0.2945 
0.3370 

0.2110 

0.3609 
0.0805 

15.19 

17.03 

22.38 

a Correct within fl%. Solubilities decrease with temperature. 

Table 11. Solubilities of Sparingly Soluble Ammonium and 
Alkali Metal Halides in Sulfolane by the Conductivity 
Method 

solubility," 103 X g per 100 g of 
sulfolane 

halide 40 "C 50 "C 
NH&l 2.091 (2.675) 2.420 
NaCl 1.886 (5.148)b 1.979 
NaJ3r 187.2 191.2 
KCl 4.305 (3.948)b 4.968 
RbCl 14.75 (10.57)b 16.46 

CsBr 272.9 273.5 
CSCl 46.93 (18.52)* 49.75 

a The data agree, in general, within f0.1%. Reference 1. 

sufficient time to ensure saturatbn. The ampule containing the 
solute-solvent mixture was shaken from time to time and the 
temperature at which the last crystal disappeared was taken 
as the saturation temperature of the sample. In  general, the 
saturatlon temperatures were observed to differ by fO.O1 O C  

for the three samples of nearly equal compositions and the 
mean of these temperatures was taken. 

For the determination of solubilities of sparingly soluble salts 
by conductivity method, a solubility flask-conductivity cell com 
bine, as shown in Figure 1, was used. The working of the 
combine is self-evident and is given briefly as follows. 

The complete setup, containing suitable quantities of solute 
and solvent In the bulb B (about 50-mL capacity), was kept in 
a thermostat running at the desired temperature. After the 
solute-solvent mixture was stirred for 3-4 h, with an electrically 
driven glass stirrer, T, provided with a mercury trap, the con- 
tents of the bulb were allowed to settle. The clear supernatant 
solution was then sucked into the conductivity cell, C, with a 
slight suction with the help of a pipet. The capillary stopcock, 
S, was closed and the conductivity of the solution measured. 
The solution was then allowed to flow back into the bulb B of 
the flask by opening the stopcock. The procedure was re- 
peated until reproducible conductance values were obtained. 
The limiting equlvalent conductances at 40 and 50 OC of the 
saits concerned, required for solubility calculations, were com 
puted from available ionic conductance data ( 7 )  at 30 OC. For 
this purpose, the temperature coefficient of conductance was 
taken as 2% deg-', which Is usually applicable for strong 
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Flgure 1. Solubility flask-conducthrity cell comblne. 

electrolytes and also appears to be justified from the unpub- 
lished conductance data, obtab-ted h sutfdane in this laboratory. 

Results and Discusdon 

The solubiittks of some common electrolytes, thus obtained, 
are recorded in Tables I and 11, from which it appears that the 
solubility process in most of the cases is endothermic. In  
general, the solubility and Its temperature coefficient are smaller 
in sulfolane than in water, formamide (5), N-methylacetamide 
(NMA) (6), and dimethyl sulfoxide (Me#) (4).  KCNS, however, 
is found to be more soluble in sulfolane than in water. Am- 
monium and most of the alkali metal chlorides and bromides 
appear to be Sparingly soluble, contrary to their behavlor in 
water and some other nonaqueous solvents (4-6). To a large 
extent, this poor solubility trend is also maintained by NaN02, 
KNO,, KBr, KIO,, and SrCI,. The soiubiiitles of alkali metal 
halides are in the order I- > Br- > Ci-, as in water = 
78.54). formamMe (e250C = 109.4), NMA (eweC = 171), and 
Me2S0 (e260C = 48.9) but are, in general, much lower in suifo- 
lane than the corresponding values in the latter solvents, ap- 
parently due to its lower dielectric constant (emoc = 43.3) and 
the absence of hydrogen bonding (8). As is clear from Table 
11, ammonium chloride and alkali metal chlorides and bromides 
are sparingly soluble, in general agreement with the resuits 
reported by Starkovich et ai. ( 7 )  with apparent exceptions, to 
NaCi and CsCI. However, there appears to be no possible 
explanation for this departure. SOkrMltles of akeii metal halides 
have been found to increase with increasing size of the cation 
as in water. 

The dilute saturated soiutlon solubility data, recorded in Table 
I1 at 40 and 50 OC, offer an opportunity to obtain meaningful 
enthalpies of solution (AH-) and solvatlon (AHMw) in 
order to throw some light on solute-solvent interaction. By 
combining AH- with the lattice energy, U,,, of the salt in 
questlon, one gets the AHaw by the relation 

Table 111 glves the values of AHaw of some uni-univalent 
halldes in suifolane. 

A comparison of AH-- data of different alkali metal 
haikles in suifolane, water (9),  and formamide (9) (Table 111) 
appears to give no clear-cut picture, in general. Probably, this 
may be accounted for in the light of the aprotic nature of sui- 
folene unke water and fonnamide. However, with the growing 
size of alkali metal cation, a general increase of AHwaw in 
ail three solvents is noteworthy. Anionic solvatbn in sulfolane 
is expected to be negligible; the only Interaction, could be on 
accomt of feeble ankm-dent dipole interaction, as is pointed 
out by the conductance study of Monica et ai. (70). 

AHwaw = AH- - Uo 

Table 111. Enthalpies of Solution and Solvation of Some 
Sparingly Soluble Halide Salts in Sulfolane, Water, and 
Formamide 

-AHaolvation, kcal mol-' UO, Mwllution, 
kcal kcal sulfo- form- 

halide mol-' mol-l lane water amide 

NaCl  184 0.962 183.0 184.9 187.9 
NaBr 176 0.425 175.6 176.8 181.0 
KC1 168 2.877 165.1 156.5 168.1 
RbCl 163 2.206 160.8 158.8 162.1 
CSCl 157 1.170 155.8 151.1 154.3 
CsBr 151 0.046 151.0 142.8 147.2 

NHdCl 162 2.937 159.1 158.1 - - -  

Table IV. Solubilities of Tetraalkylammonium Iodides in 
Sulfolane at Different Temperatures by the Synthetic 
Method 

solubilitv," E Der 100 E of  sulfolane 

salt 40°C 45OC 50 "C 55 OC 

Me4NI  0.376 0.489 0.643 0.856 
EthNI 0.880 1.32 1.92 2.90 
n-Pr4NI 16.22 17.95 19.77 22.13 

n-Pen4NI 2.82 4.94 8.51 14.22 
n-Hex4NI 6.11 8.81 13.18 17.78 
n-Hep,NI 4.07 6.14 8.85 13.21 

n-BudNI 31.12 41.88 46.13 48.87 

Reproducibility within *0.5%. 

The solubility trend of R4NI salts (Table IV) appears to be 
similar to that in Me,SO (4) but opposite to that in water 
( 7 7- 73) where the larger R,NI salts are almost insoluble. This 
difference in behavior is very likely due to the absence of 
soivophoblc lnteractlon in suifolane as in Me,SO; i.e., the soi- 
ubliity increases regularly from Me,NI to n-Bu,NI, then de- 
creases for n-Pen,NI, and increases once again for n-Hex,NI 
before decreasing for n-Hep,NI. 

An increasing trend of solubili from Me,NI to n-Bu,NI may 
be reasonably explained in terms of a growing amount of or- 
ganic molety of the salts concerned, thereby offering a larger 
hydrocarbon surface to interact with the solvent. Moreover, 
higher solubility of n-Hex,NI as compared to n-Pen,NI and 
n-Hep,NI appears to be due to the presence of an even num- 
ber of carbon atoms in the alkyl chain which somehow tends 
to Induce their more compact packing with the solvent dipoles. 

Regl8try No. &NO2, 7632-00-0: NaNO,, 7631-99-4; NaI. 7681-82-5; 

333-20-0; SrCI,, 1047685-4 PbCI,, 7 7 5 8 9 5 4  NH,CI, 12125-02-9; NaCI, 
7647-14-5; NaBr, 7647-15-6; KCI, 7447-40-7; RbCI, 7791-1 1-9; CsCI, 
7647-17-8; CsBr, 7787-69-1; Me4NI, 75-58-1; Et4NI, 68-05-3; n-Pr,NI, 
631403; n-BuNI, 31 1-28-4; n-Pen,NI, 249820.8; n-Hex,NI, 213824-1; 
n -Hep,NI, 3535-83-9; sulfolane, 126-33-0. 

KN09,7757-791; KBr, 7758423;  KI, 7681-11-0; KIO4.7790-21-8; KCNS, 
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