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VISCOSITY AND DENSITY OF APROTONIC SOLVENTS
AND ELECTROLYTES BASED ON THEM

I. G. Gurevich, K. B. Gisina, UDC 532.13:532.14:541.135
V. K. Shchitnikov, V. S. Dubasova,
and V. L. Nikonov

The results of an experimental determination of the viscosity and density of organic
solvents and electrolytes based on them are given.

Organic solvents are widely used in applied chemistry. Interest has recently been shown
in them in electrochemical power engineering, where these nonaqueous solvents are used to
produce an electrolyte for current sources in which alkali metals, primarily lithium, are
used as the anodic material [1].

Research on the design of such current sources has led to a fairly precise specifica-
tion of the indices that determine the suitability of these solvents [2]. It is difficult,
however, to find substances that directly satisfy the whole set of requirements and this has
led to the use of electrolytes that employ not individual substances, but mixtures, in which
the drawbacks of some solvents are compensated by the advantages of others.

An index of particular importance is the viscosity, since it has an appreciable effect
on the electrical conductivity of the electrolyte and diffusion transfer in it, which ultimate-
ly affects the output parameters of the current source.

Unfortunately, the reference literature usually provides no data for solvents of prac-
tical interest, while data found in periodicals is of a specific and fragmentary nature, and
in most cases relate to individual solvents [3, 4] — data for mixtures have only recently
begun to appear [5]. These circumstances stimulated the present investigation.

For the considered class of current sources interest is now confined to a relatively small
group of substances, which includes such solvents as propylene carbonate (PC), y-butyrolac-
tone (y-BL), tetrahydrofuran (THF), and mixtures of these. As regards the electrolyte,
lithium perchlorate (LiCl0,) is one of the compounds used for its preparatlon. The results
of an investigation of their properties are given below,

The purity of the samples used for the investigation was ensured by the high purity of
the initial substances (these were usually 'pure" grade, in which the total impurity content

A. V. Lykov Institute of Heat and Mass Transfer, Academy of Sciences of the Belorussian
SSR, Minsk. Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 42, No. 3, pp. 422-427,
March, 1982. Original article submitted March 9, 1981.
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Fig. 1. Temperature dependence of
viscosity u (N-sec/m?) of aprotonic
solvents and mixtures of them: 1)
THF; 2) y-BL:THF (1:1); 3) PC:THF
(1:1); 4) y-BL:THF (7:3); 5) PC:THF
(7:3); 6) y-BL; 7) PC. a) Our ex-
perimental data; b) data of [4]; e¢)
data of [5]; d) data of [3].

was 0.25-0.47%; the moisture content was 0.14-0.3%) and by further dehydration by distillation
under vacuum. The moisture was removed from THF by a more complex technique. '"Pure''-grade
lithium perchlorate was dried for 20 h under vacuum at 160°C. The electrolyte solutions were
prepared in a sealed box in a dry argon atmosphere. The moisture content of the prepared
electrolytes was (1.8-3.5)-10 2%.

To measure the viscosity we used a VPZh capillary viscometer. The density of the in-
vestigated substance, which is required for calculation of the viscosity, was determined by a
pycnometer. The viscometer and pycnometer were submerged in a glass bath in which the tem-
perature was controlled to an accuracy of $0.1°K, which enabled us to investigate the temper-
ature dependences of the viscosity and demsity at temperatures 273-393°K (the upper temper-
ature limit for the individual solvents and mixtures containing them was determined by the
boiling point). The viscosity measurements at each temperature were repeated 5-7 times.

The temperature dependence of the viscosity of the investigated solvents and electrolyte
solutions based on them was approximated by the known exponential law [6]:

B = f. exp [E,/RT], (1)
where 1, is a const; R is the gas constant.

Table 1 gives the values of the constants in (1), at the 0.95 confidence level, from ex-
perimental data treated by the least-squares method for all the investigated liquids. This
table also gives the values of the constants contained in the equation expressing the temper-
ature dependence of the density of the investigated substances:

d = dy (1 —B,AT),
0( 60 ) (2)
where Bo is the cubic expansion coefficient at Tey AT = T — To; in the treatment of the ex-
perimental data 273°K was taken as To.

It should be noted that most of our results are in good agreement with the available
sparse data of other authors [3-5] (Fig. 1).

Of the investigated solvents the most viscous with the highest activation energy is
propylene carbonate, followed by y-butyrolactone and tetrahydrofuran (the last substance is
much less viscous; its activation energy is approximately half of that of propylene carbonate).
The viscosities of binary mixtures of these solvents lay between the viscosities of the in-
dividual components (Fig. 2); a plot of the viscosity of a mixture against its composition
gave a curved line. It is of interest to note that for the composition X:THF (1:1) and lower
(as regards the first component), where X is PC or y-BL, the effects of the first components
are practically the same: The viscosities of the solutions are close in absolute values and
in activation energies. When the composition is altered by an increase in concentration of
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Fig. 2. Plots of viscosity 1 (N-sec/m?®) of solvent
mixture against mole (volume) fraction (x, x) of variable
component (T = 273°K): 1)Y -BL:THF; 2) PC:THF. a)
Experiment. Calculated from: b) Eq. (3); c) Eq. (4);
d) Eq. (5).

Fig. 3. Temperature dependence of viscosity u (N*
gec/m?) of electrolyte (1 M LiCl0,) based on aprotonic
solvents and mixtures of them: 1) THF; 2) y-BL:THF
(1:1); 3) PC:THF (1:1); &) vy-BL:THF (7:3); 5) PC:THF
(7:3); 6) y-BL; 7) PC; the points are our experimen-—
tal data.

the variable component the difference between the values in question increases, tending at
the limit to the values for the one-component solvent (PC or y-BL).

Turning now to a consideration of the viscosity of electrolytes (1 M LiCl0,) based on
these solvents we notice first of all the appreciable (though unequal) increase in the vis-
cosity of the electrolytes in comparison with the pure solvents (compare Figs. 3 and 1).

For instance, the viscosity of a PC electrolyte at 273°K is 2.78 times greater than the vis-
cosity of the pure solvent, whereas for a THF electrolyte it is only 1.9 times greater; the
difference in the change (increase) in activation energy of the viscosity is appreciably
smaller: by a factor of 1.35 and 1.25, respectively. This difference decreases a little
with increase in temperature. The observed increase in viscosity can be attributed to the
gsolvation of lithium ions [1].

The viscosity of electrolytes based on a two-component solvent mixture behaved in the
same way as in mixtures of pure solvents (Fig. 4).

Figures 2 and 4 show plots of the viscosity of solvent mixtures and electrolytes based
on them against the composition (molar or volume) of the mixture, calculated from the empiri-
cal equations [7] of:

Zdanovskii

mix

R o= (nd; + ;Czda)/ (xudy/ by + }zdz/ W), (3)

where x; and X, are the volume fractions, d; and d, are the densities, and p; and u, are the
viscosities, of the mixture components;

Arrhenius

Inp . =xInpy 4 x,In py;

(4)

Kendall and Monroe s

mix

1/3,

w xi”i/B T Xalbe (5
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in (4) and (5) x; and x, are mole fractions of the mixture components.

A comparison with experimental data shows that the best equation for calculating the
viscosity of two~component solvent mixtures is Zdanovskii's Eq..(3). For calculation of the
viscosity of electrolytes there is no single equation that is best: For an electrolyte based
on a y-BL:THF mixture the best agreement between calculation and experiment is obtained when
the Arrhenius Eq. (4) is used; for an electrolyte based on a PC:THF mixture with a PC mole
fraction less than five the best equation is Zdanovskii's, and for mixtures with mole frac-
tions greater than 0.5 the Arrhenius equation is best. These results can be attributed to
the complex composition of the electrolyte and the interaction between its components.

NOTATION

U, viscosity, N.sec/m?; EU’ viscosity activation energy, kJ/mole; T, temperature, °K;
d, density, kg/m®; x, mole fraction of component in mixture; X, volume fraction of component
in mixture.
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