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Summary 

Aromatic and aliphatic sulfones and, more particularly, dimethyl 
sulfone (DMS02), used as cosolvents with sulfur dioxide allow the dissolu- 
tion of various lithium salts. The dependence of the conductivity on the 
concentration of both lithium salts and DMSOz has been studied. 

Lithium bromide and LiCl based electrolytes can be obtained with high 
conductivities, the best being LiBr/DMS02/S02 (32 X lo-’ a2-l cm-‘) and 
LiC1/DMS02/S02 (21 X 10e3 a-’ cm-‘). These conductivities are of the 
same order of magnitude as those for LiBr/AN/S02 electrolytes. However, 
the high solubility of LiCl in liquid SO* - via DMSOz - may offer a suitable 
alternative to the electrolytes currently used in Li/S02 cells. 

1. Introduction 

The choice of high conductivity electrolytes is of great importance in 
primary and secondary lithium cells. Since large charge and discharge 
currents can only be obtained with such an electrolyte it would appear that 
the most promising electrolytes will be based on a solvent with a high di- 
electric constant and a low viscosity. In addition to conductivity, lithium 
stability and solvation effects on Li+ ions are also of importance. Many 
mixed’ aprotic solvent and molten salt electrolytes have been investigated 
so far. Our work, however, is concentrated on the sulfone-based electrolytes. 
These form an interesting group of organic solvents due to their physical and 
chemical properties. In addition, dimethyl sulfone (DMS02) and tetramethyl- 
ene sulfone (sulfolane) have been shown to give rise to a weak solvation 
effect [ 1,2]. The only single-sulfone solvents which have been investigated 
are sulfolane and its derivative, 3 methylsulfolane [3 - 61. Sulfolane, used 
alone or mixed, has already been proposed as an electrolyte for lithium 
batteries [ 7, 81. 
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Some investigations on DMS02 have been carried out in our laboratory 
[9] for application at 150 “C. The usefulness of DMSO, as a co-solvent with 
SO* (or other solvents) for lower temperature application has never been 
examined. Such mixtures may constitute new electrolytes for Li/S02 cells. 

Sulphur dioxide alone is a very poor solvent, and an organic co-solvent 
such as acetonitrile is necessary to promote the solubility of lithium salts. 
With regard to the high conductivity observed in DMSO,-based electrolytes, 
the lithium salts/SOz/DMSOz mixture may have a conductivity suitable for 
high specific energy lithium batteries. Determination of the conductivity 
of various lithium salts dissolved in sulfones, and especially in DMS02/S02 
mixtures over the temperature range -35 “C to +lO “C, are presented in this 
paper. 

2. Experimental 

Dimethyl sulfone (DMSO*) sulfolane (S), n-propyl sulfone and 3- 
methylsulfolane (3-MeS) were obtained from Janssen. Dimethyl sulfone 
was first dissolved in boiling water, recrystallized twice from methanol, 
air dried, and finally redried under vacuum at 30 “C for 12 h. Sulfolane 
was bidistilled under reduced pressure. n-Propyl sulfone and 3-MeS were 
used without further purification. 

Several lithium salts were investigated: LiBr, LiCl, LiAsF,, LiC104, 
LiBF4 and LiCFsSOs. LiBr was obtained from SAFT America Inc., and 
was used as received. The LiCl, from Prolabo, was dehydrated with HCl at 
250 “C and then dried under vacuum for 5 h at the same temperature. 
“Electrochemical Grade” LiAsF,, from USS Agri-Chemical, was used 
without further purification. LiC104, LiBF, and LiCF,S03, from Fluka, 
were dried under reduced pressure at various temperatures for 12 h. All of 
these lithium salts were stored and dispensed by weight in an argon-filled 
dry box. 

The sulfur dioxide was supplied by Matheson Co. and contained less 
than 100 p.p.m. of water. The preparation of the lithium salt/DMSOz/SOz 
mixture was carried out by bubbling SO, through DMSO, at -10 “C!. Then 
the lithium salt was added to the liquid mixture, S0,/DMS02. The experi- 
mental cell (Fig. 1) was thermostatically controlled to within +0.2 “C while 
the electrolytic conductivities were measured with an impedance bridge 
which was considered to be sufficiently accurate for the present purpose. 

3. Results and discussion 

(a) Effect of the type of sulfone 
As lithium perchlorate is poorly soluble in SO* a cosolvent is neces- 

sary. We have studied the conductivity of various mixed solvents con- 



159 

Connecting leads for conductivity 
measurements 

Conductivity cell 

- Electrolyte : 
Sulfone and Lithhmsalt 

Magnetic bar 

Fig. 1. Experimental cell. 

Fig. 2. Conductivity of 0.5 M LiC104 in liquid sulfur dioxide at -10 “C as a function of 
sulfone concentration. 

taining 0.5 M LX104 since it has been reported that sulfolane, used as 
a cosolvent, increases an electrolyte’s conductivity [7]. Among the sulfone/ 
SO* mixtures studied, the best results were obtained when DMSOz was used 
(Fig. 2). 
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Fig. 3. Conductivity of various 0.5 M lithium salts in liquid sulfur dioxide at -10 “C as 
a function of DMSOz concentration. 

(b) Effect of different lithium salts 
Because of the good conductivity of LiC104/DMS02/S02 electrolytes, 

some other lithium salts were tested. Figure 3 shows the conductivity de- 
pendence on DMSO, concentration in liquid SO, for various lithium salts. 
From these results, it can be concluded that: 

-lithium salts have significantly different conductivities; high in the 
cases of LiBr, LiCl, LiAsF, and even LiClO,+, while LiBF4 and LiCFsSOs are 
not so attractive; 

- most of the lithium salts studied are partly soluble: particularly in 
DMSOz concentrations < 1 M or >6 M; 

-substantial increases in conductivity were observed for most lithium 
salts in 3 M or 4 M DMS02 concentrations. A co-solvent effect was also 
noted with DMSO, as with the other sulfones studied. 
So, SO,/DMSO, mixtures may allow the use of lithium salts other than 
LiAIC& [lo]. 

(c) Lithium salt concentration effects 
From the above results, a 3 M DMSOz concentration appears to be the 

optimum composition with liquid SO2 for dissolving increasing amounts of 
lithium salts. Figure 4 shows the high conductivities obtained with LiBr, 
LiCl and LiAsF,, peaking at a concentration of about 0.75 M in the case 
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Fig. 4. Conductivity of various lithium salts/3 M DMSOz in liquid sulfur dioxide at 
-10 ‘C as a function of Li concentration. 

, . 

,- 

0 LiN 

b LiaSf6 
6M DMSq, 

-- 1 LiClO4 

q LiBF4 

-< * 

0 LiC53 

* * 
_ __ 

s Partial sdubiiity 
or cloudy solution 

05 1 IS 2 

Li Concentration mol 1-l 

Fig. 5. Conductivity of various lithium salts/6 M DMSOz in liquid sulfur dioxide at 
-10 “C as a function of Li concentration. 
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of LiAsF6 and at even higher. concentrations in the case of LiBr, which is 
very soluble in this mixture and which gave the highest conductivity of 32 X 

1O-3 52-l cm- 1 at a strength of 1.25 M. 

(d) DMSO? concentration effect 
The partial solubility of lithium salts observed in 3 M DMSOz may be 

overcome by increasing the amount of DMSOz in the mixture. In 6 M 
DMSO, concentration, all lithium salts except LiCF3SOJ are fully dissolved 
at higher concentrations (21 M) (Fig. 5). 

The conductivity values, however, are lower in 6 M DMSO, than in 
3 M DMSO,. Although increasing the DMSOz concentration greatly enhances 
the solubility of lithium salts there is no obvious correlation between these 
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Fig. 6. Conductivity vs. DMSOz concentration at -10 “C for LiCl and LiBr based eiec- 
trolytes in liquid sulfur dioxide. 
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parameters. For example, almost all lithium salts at 0.5 M concentration are 
entirely dissolved in 3 M DMSOz (Fig. 4) but not in 6 M DMSO*, in contrast 
to all expectations (Fig. 5). Such a phenomenon suggests a complex effect 
of ion solvation between DMSOz and SOZ in these ternary mixtures. In- 
creasing DMSO? concentration, however, allows the dissolution of large 
amounts of lithium salts such as LiBr and LiCl (Fig. 6). These electrolytes 
are very attractive and their conductivities are close to those reported for 
Li/SOZ cell electrolytes [ 111. 

(e) Temperature effect 
A 1 M LiBr/3 M DMSO,/SO, electrolyte and a 0.75 M LiC1/3 M 

DMS02/S02 electrolyte have been investigated at lower temperatures. These 
electrolytes remain clear to temperatures of -35 “C and the conductivities 
(Fig. 7) remain attractive. One of the most important advantages concerns 
the LiCl based electrolyte. It is not used in Li/SOZ cells because of its low 
solubility [12], but via DMS02, its solubility in liquid SO, is greatly en- 
hanced. In addition, LiCl is more stable and less expensive than LiBr and 
LiC1/DMS02/S02 may be a promising electrolyte for Li/SO* cells. Such an 
electrolyte has been tested in cells by SAFT America Inc. [13]. 

10 1 
-60 -30 -20 -lo 0 Tenpera ture ( O.C I 

Fig. 7. Conductivity dependence on temperature for 0.75 M LiC1/3 M DMS02/S02 and 
1 M LiBr/3 M DMSO&02 electrolytes. 

4. Conclusion 

The utilization of sulfones and, more especially, DMSOz as cosolvents 
with SO2 and Li salts such as LiCl or LiBr allows the formation of electro- 
lytes with high conductivities over a large temperature range. Moreover, 
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these electrolytes do not contain acetonitrile, a co-solvent which may incur 
safety problems, especially if the Li/SOz cells are shortcircuited. LiCl is 
cheaper and also more chemically stable than LiBr. LiCl with DMSO, as 
cosolvent, therefore, appears to be attractive and, perhaps, could lead to 
a new generation of Li/S02 cells with improved safety and stability. 
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