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of the spectrum, but if our values of 8, and 8, are correct some revision of
Mecke’s correlation with experiments must be made.
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Introduction

According to the classical dissociation theory of Arrhenius the mobilities
of the ions are expected to be independent of the concentration and hence
transference numbers should be constants which do not vary with the con-
centration. On the other hand, according to the modern interionic attrac-
tion theory of Debye and Hiickel, the mobilities of the jons vary with the
concentration and this variation is not relatively the same for all ions but
depends on the size of the ions and especially on the valence. Therefore
it may be predicted from this theory that transference numbers will vary
with the concentration. It has been shown by Jones and Dole! that the
transference numbers of the barium ion in barium chloride can be expressed
by an equation having the form, ¢ =4 /(1 + B+/¢)] — 1, (1) over the en-
tire range from 0.001 to 1.0 molal. It was also shown that although
erroneous values for the transference number of barium chloride were
obtained by Lucasse? from data on the electromotive force of concentration
cells with and without transference, the fault lay, not in the data them-
selves, but in their interpretation, and that a more rigid mathematical
procedure gave results in essential agreement with the analytical method.

It seemed to be desirable to test the general validity of the equation,
t = [A/(1 4+ B+/©)] — 1, for the variation of the transference number
with the concentration. The experimental determination of transference
numbers is tedious and difficult and the classical theory gave no incentive
for studying the variation of transference numbers with the concentration.
These considerations are probably responsible for the fact that sets of
data on transference numbers for any salt of sufficient precision for our
purpose and covering a wide range of concentration and obtained by the
same method are extremely rare in the chemical literature. The most
important exception to this general rule is the set of values for lithium
chloride from 0.001 to 3.0 normal obtained by the electromotive force

1 Grinnell Jones and Malcolm Dole, THIS JOURNAL, 51, 1073 (1929); Malcom Dole,
J. Phys. Chem., 35, 3647 (1931).
2 W. W. Lucasse, tbid., 47, 743 (1925).
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method by MaclInnes and Beattie.! These results are shown by the points
inside triangles in Fig. 1. It should be noted that the curve depicting these
data shows a steep slope at low concentrations.

The equation, ¢ = [4/(1 + B4/¢)] — 1, may be readily transformed into
t—i—;l = ‘lz + B%/E, (2) and hence if the equation is valid for any values of 4
and B, a straight line should be obtained when 1/(¢ + 1) is plotted against

Ve.
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Fig. 1.—Transference number of the lithium ion in lithium chloride, ¢,
plotted against /c: A, Curve M, Maclnnes and Beattie; ©, Curve J,
Jones and Bradshaw; -+, Washburn.

But the values of MacInnes and Beattie do not yield a straight line
when plotted in this way (see Fig. 2, points shown inside triangles). This
demonstrates that it is impossible to find values of A and B which will
make this equation agree with the resiilts of Maclnnes and Beattie;
but this is not necessarily conclusive against the general validity of the
equation because the method of computing the transference numbers
used by Maclnnes and Beattie was the prototype followed by Lucasse,
which has been shown to give erroneous results in the case of barium
chloride.

Washburn* has determined the transference number of the lithium ion
in lithium chloride of 1.25 normal to be 0.279, using the analytical method.

3 D. A. MacInnes and J. A. Beattie, THIS JOURNAL, 42, 1117 (1920).
4+ E. W. Washburn, ¢bid., 31, 322 (1909).
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This result is shown by a cross in Figs. 1 and 2. Determinations have also
been made by Kuschel, by Bein, by Jahn and by Pearce and Mortimer,’ but
the results when plotted are quite erratic.®

As a first step in testing the general validity of the Jones and Dole equa-
tion we decided to redetermine the transference numbers of lithium chlo-
ride over a wide range of concentration by the analytical method. An-
other object of this investigation was to determine whether or not the elec-
tromotive force method when interpreted in the manner developed by
Jones and Dole would give the same results as the analytical method.
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Fig. 2.—Transference number of the lithium ion in lithium chlo-
ride, 1/(t + 1) plotted against 4/¢: A, Curve M, Maclnnes and
Beattie; @, Straight line J, Jones and Bradshaw; 4, Washburn.

At the time that this experimental work was started the moving bound-
ary method had been much improved by Maclnnes but its reliability had
not been demonstrated completely by direct comparison with the analytical
method, although MacInnes and Dole and Longsworth had kindly told
us that they were engaged in making such a comparison. This work has
since been completed brilliantly.” After making important improvements
in the experimental details of both methods MacInnes and Dole and Longs-
worth have shown that the moving boundary method and the analytical
method give identical results for potassium chloride within the concentra-
tion range 0.02 to 0.2 normal.

8 J. Kuschel, Wied. Ann. Physik, 13, 295 (1881); W. Bein, Z. physik. Chem., 27,
38 (1898); H. Jahn, 4bid., 37, 691 (1901); J. N. Pearce and F. S. Mortimer, THIS
JourNAL, 40, 509 (1918).

8 Ref. 3, p. 1126.
7 D. A. MacInnes and Malcolm Dole, THiS JOURNAL, 53, 1357 (1931).
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Experimental Part

Lithium nitrate of good quality was dissolved in hot water and freshly
distilled ammonium carbonate solution added. The precipitated lithium
carbonate was washed repeatedly with hot water until free from nitrate as
shown by testing with diphenylamine dissolved in concentrated sulfuric
acid. The lithium carbonate was dissolved in redistilled hydrochloric acid
and evaporated to dryness, then redissolved in water and evaporated to
dryness several times to remove excess of acid. The resulting salt gave
a neutral solution and is believed to have contained no impurity in sig-
nificant amounts except water.

The apparatus and procedure were essentially the same as that de-
scribed by Washburn? with the modifications given by Jones and Dole and
hence need not be described in detail. All measurements were carried out
at 25 = 0.02°. Concentrations are expressed in gram molecules per liter.

Table I gives the fundamental experimental data for all successful experi-
ments and the transference numbers computed from these data. It will
be noted that the greatest difference between the results at the anode and
at the cathode is only 0.0006 and the average difference is less than 0.0002.

In addition to these successful experiments there were about an equal
number which failed for one reason or another. In some cases there was
evolution of gas at one or both electrodes due to the use of too high a cur-
rent or to the continuation of the experiment for too long a time so that the
effective capacity of the electrodes was exceeded. In some cases when
working with the more dilute solutions colloidal silver chloride appeared
in the solution around the anode and fell through the solution, causing
stirring. Several experiments had to be rejected because the results from
the anode and cathode did not agree, which may have been dne to some
error in the analysis. The most dilute solution for which we succeeded in
obtaining a trustworthy result was 0.023 normal. Several attempts were
made to obtain results with a .01 normal solution but these failed owing
to the appearance of colloidal silver chloride at the anode and to the fact
that the amount of lithium chloride transferred was so small that sufficient
precision could not be obtained in the analysis.

With 2 V and 3 N solutions the amount of lithium chloride which can be
transferred is such a small fraction of the amount originally present that its
determination with sufficient precision is difficult. Moreover, in these
strong solutions silver chloride dissolves with the formation of a complex
ion® in an appreciable amount and must introduce some error. These
strong solutions were always diluted as the first step in the analysis, this
causing the precipitation of a small amount of silver chloride, which was
filtered out, and then the filtrate was treated with silver nitrate solution
and the silver chloride thus formed collected and weighed. By this pro-

8 . 8. Forbes, THIS JOURNAL, 33, 1937 (1911).
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cedure the dissolved silver chloride did not cause an error in the analysis
directly although, of course, the extra filtration increased the danger of
accidental errors. But the conversion of a part of the chloride into a
complex ion must have a slight effect on the effective transference number
of the chloride ion; and since there is some doubt as to the formula of the
complex ion, its mobility is unknown and the amount present was small,
no attempt has been made to apply a correction for this source of error.
Since the proportion of the complex ion increases with the concentration,
together with the fact that the measurements of Maclnnes and Beattie
do not extend beyond 3 normal, we made no attempt to make any measure-
ments on still more concentrated solutions.

When these results are plotted as transference number, ¢, against the
square root of the concentration, v/¢, a curve is obtained which is nearly
but not quite straight, as is shown in Fig. 1, curve J. When 1/(¢ + 1)
is plotted against /¢, a straight line is obtained as is shown in Fig. 2,
curve J. The equation of the best straight line through these twelve points
was found by the method of least squares to be

1
7 = 074979 + 0.02703+/2 (3)
This may be readily transformed into
1.3337
b= 1T 003605y ! )

Table II contains a comparison between the observed values of the trans-
ference number and the values computed for each concentration by this
equation. The average deviation between the observed and computed
values is less than 0.0010. Although these deviations are greater than
had been found by Jones and Dole in the case of barium chloride, they are
not systematic. Since we have fitted twelve points to a two parameter

TABLE II

TRANSFERENCE N'UMBERS OF LITHIUM IoN IN L1THIUM CHLORIDE AT 25°. COMPARISON
OF OBSERVED VALUES AND VALUES COMPUTED BY EQUATION 4

_1 t obs.

¢ Ve t obs. t4+1 ¢ caled. —1 caled,
0.023243 0.15246 0.3272 0.75347 0.3264 +0.0008
.037011 .19238 .3246 . 75495 .3245 + .0001
.090633 .30105 .3210 75700 .3194 + .0016
.101135 .31802 .3184 . 75849 .3186 — .0002
.17840 .42238 .3154 76022 .3137 + .0017
.20217 . 44963 .3109 . 76283 .3124 — .0015
.40444 .63596 .3035 76717 .3038 — .0003
.47301 . 68776 .3002 .76911 .3014 — .0012
.73453 .85705 .2928 -.77351 .2937 — .0009
.96562 . 98266 L2872 77688 .2881 — .0009
1.91578 1.38412 . 2696 .78765 .2703 — .0007

2.95322 1.71851 .2575 79522 .2559 + .0016
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equation and the independent variable is varied over a 127-fold range, it
seems probable that the equation is significant and useful for interpolation
and for extrapolation to zero concentration. In Table III are given the
values for the transference number of the lithium ion in lithium chloride
solutions at 25° at round concentrations as computed by this equation,
(4). The value for the transference number at infinite dilution extrapo-
lated by this equation is 0.3337.

TABLE III

TRANSFERENCE NumBerS oF THE LiTHIUM IoN iN LitHrum CHLORIDE SOLUTIONS AT
25° oAs COMPUTED FROM EQUATION 4

0 0.001 0.002 0.003 0.005 0.01 0.02 0.03

c

13 0.3337 .3322 .3316 .3311 .3303 .3289 .3269 .3254
c .05 .1 .2 .3 .5 1.0 2.0 3.0

¢ .3230  .3187  .3125 .3079 .3006 0.2873 0.2600 0.2553

Our results for the density of lithium chloride solutions at 25° agree
with the equation d = 0.99707 + 0.02494 ¢ — 0.000698 ¢? (5)

Reinterpretation of the Data of MacInnes and Beattie.—MacInnes and
Beattie have measured the electromotive force of concentration cells
without transference of the type

Ag, AgCl, LiCl(cs), LiHg,. . . .LiHg,, LiCl(c1), AgCl, Ag
and with transference of the type
Ag, AgCl, LiCl(cs), LiCl(¢1), AgCl, Ag

over a range of concentration from 0.001 to 3.0 molal. The values of the
transference numbers computed by these authors from their data are
shown in Figs. 1 and 2 by points inside triangles and as will be seen are
not in agreement with our results obtained by the analytical method, which
are shown by the circles in the same figures.

We have, however, found that when these data are interpreted in a
more rigorous manner, the computed transference numbers agree with our
data much better.

The rigid differential equation for the electromotive force of a concentra-
tion cell with transference with electrodes reversible with respect to the
anion is

2RT

dE=—Ttd1na (6)

where ¢ is the transference number of the cation, ¢ is the geometric mean of
the activities of the two ions and the other symbols have their usual sig-
nificance.® In order to integrate this equation we need reliable expres-
sions for the f and a as functions of the concentration.

® MacInnes and Beattie give this equation without the negative sign but since
the cells under consideration are reversible with respect to the negative ion, increasing
the concentration or the activity of the ions in the solution causes the electrode to be-
come more negative and hence dE/da should be negative.
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At the time that the paper of MacInnes and Beattie was published
(1920), the Debye-Hiickel theory had not yet been proposed and no reliable
expression for ¢ and @ as functions of the concentration was known. Mac-
Innes and Beattie were, therefore, compelled to rely on empirical methods
of integration and interpretation instead of analytical methods. The un-
avoidable errors in plotting plus the guesswork in drawing smooth curves
through the experimental points may cause errors much greater than the
experimental errors. MacIlnnes and Beattie reached the conclusion that
the transference number of the lithium ion in lithium chloride is given by
the expression

t = 03834 —0.02591og A (where d = a X 10%) (7

This expression may be readily transformed into
t = 0.28224 —~ 0.0259 log a 8

As ¢ approaches zero, a also approaches zero andlog e approaches — ;
hence equation (8) requires that ¢ approaches 4-«. This expression, there-
fore, gives an abnormally rapid rise in the transference number as the con-
centration approaches zero, as is shown in Fig. 1, and must therefore be
incorrect. Jonesand Dole have pointed out that the empirical method may
now be advantageously replaced by a more rigid although more laborious
algebraic method based on the equation of Hiickell® for the variation of the
activity coefficient with the concentration and the equation of Jones and
Dole for the variation of the transference number with the concentration.
Hiickel has derived the following equation for the activity coefficient
as a function of the concentration
0:854V/%¢
1+ N+Ve

where N and P are constants for any given salt and temperature and
solvent, and he has cited evidence tending to show that unlike most of the
equations derived from the interionic attraction theory, this equation is
valid even up to 3 normal. The first step is therefore to determine the
numerical values of NV and P for lithium chloride at 25° from the data of
Maclnnes and Beattie on the electromotive force of concentration cells
without transference. Maclnnes and Beattie express their concentra-
tions, m, in terms of moles per 1000 grams of water. We have found it
more convenient to make the calculations in terms of moles per liter, ¢,
and therefore have first computed the concentration of each of their
solutions on this basis. MaclInnes and Beattie do not give the densities
of their solutions and we have therefore used our equation d = 0.99707 +
0.02494 ¢ —0.000698 ¢? for this purpose. It is convenient for the calcula-
tion to use the 3.0 molal solutions as a common reference solution. The

10 E. Hiickel, Physik. Z., 26,93 (1925).

logf = — + Pc 9
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differential equation for the electromotive force of concentration cells
without transference for a monovalent metal is

dE = — %'—Z;—len = — M%T23026d(logc + logf) =
2RT 0.500632\/2
= 23026d<logc— s +Pc> (10)

This equation when integrated between the limits ¢, and ¢, gives
— By = —5.6052 RTT [(log o — 0800632 P@)

1+ Nva
- (log a — O__________l.5_(*)_06‘;§2\\//£ + Pq)] (11)

For the details of the mathematical procedure by which NV and P may be
computed from the data by this equation we refer to the paper of Jones and
Dole and give only the result that ¥ = 0.89055 and P = 0.15003. The
figures 5.6052 and 0.500632 are theoretical values not selected to fit the
data.
0.500632+/2

1 + 0.89055+/¢
The results of these calculations are shown in Table IV,

loga =logc+ logf =logec — + 0.15003 ¢ (12)n

TABLE IV
CoMPARISON OF THE ELECTROMOTIVE FORCE oF LiCl CoNCENTRATION CELLS WITHOUT
TRANSFERENCE AS OBSERVED BY MACINNES AND BEATTIE WITH THE RESULTS CoM-
PUTED BY EqQuaTIOoN 10

Em — Eso, Em — Es., obs. —-Ecalcd..

" ¢ Ve volts obs. volts caled. volts

3.0 2.8625 1.68121 0 0 0

1.0 0.97931 0.98960 +0.07890 +0.07853 +0.00037
0.3 .29754 . 54548 + .14170 + .14243 — .00073
1 .099533 31549 + .19540 + .19505 + .00035
.03 .029896 .17290 + .25287 + .25237 + .00050
.01 .009969 .099845 + .30595 + .30571 + .00024
.003 .0029911 .054691 + .36562 + .36535 + .00027
.001 00099705 .031576 + .41985 + .42056 — .00071
ZAE 4+ .00029

1t Attention is called to an error in equation 12 of Jones and Dole, THIS JOURNAL,
51, 1085 (1929). In this equation the square root sign in the numerator should be
deleted in two places so that the equation should read
3 X 2. 3026 RT 1.734 ¢, 1.734 ¢
(55—t wom) sy + (- P ]
This error is typograph1cal only, as the correct form was used in the calculations whose
results are recorded in the earlier paper. The above equation is applicable to a divalent—
monovalent salt (BaCl;). For a monovalent salt (LiCl) the factor 3/2 should be re-
placed by the factor 2 and the factor 1.734 by the factor 0.500632 so that the equation
becomes
E= — 2 X 2.3026 RT |:< 0.500682 c; _ 0.500632 ¢
F (1+ Nv&)? (1 + N+va)?

AE = —

)AN + (e — ) AP]
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The deviations are not systematic and in view of the fact that the
independent variable (¢) is varied over a range of 3000-fold, the agreement
between the observed and computed results is good.

Having now found that

0.500632+/%

Ing=1Inc+1nf =2.3026 (log ¢ + log f) = 2.3026 <log & - TI NV
0.500632+/¢ -

from the data of Maclnnes and Beattie on concentration cells without

transference and

+Pc>=

2.3026 <log c —

_ A4 . 13387

T 14+ Bye T 1+ 0.08605+/¢

from our own data on transference numbers by the analytical method we

may substitute these values in the fundamental differential equation
RT

dE = ~2=¢tdlng (6)

and integrate the resulting equation between the limits ¢ and ¢. « is
substituted for /¢ as a matter of convenience in integration. The result

E, — E; = 0.118308 [— 2ABP’“ + Px2 — (24 — 2)log x +

¢

24 0.5006324B | 24P
2.3026 + (N — B) + ﬁ) 2.3026 log (1 + Bx) —
0.5006324 O.500632> 1 _ 0.5006324 B X 2.3026 log (1 + Nx)7= (14)
N — B N 1+ Nx (N = B)2 .

Then substituting the above indicated values for the constants this reduces
to

E, — E, = [—1.313344.‘6 + 0.0177498x2 — 0.078961 log x

0.0259366
1 + 0.89055x

—0.0089803 log (1 + o.sgossx):r2 (15)
zy

+84.210421 log (1 4+ 0.03605x) —

E, — E,; was then computed for each solution referred to the 3.0 molal
solution as a standard of reference and the results are shown in Table V.

TABLE V

LitHiuM CHLORIDE CONCENTRATION CELLS WITH TRANSFERENCE AT 25°. COMPARISON
OF MACINNES AND BEATTIE'S OBSERVED VALUES WITH VALUES COMPUTED BY EQUATIONS

A = 13337 A = 13394
B = 0.03605 B = 0.04565
E’v;itsE ! Etzn -utlétli obs AEom = -tEé ob aF
m c2 Ve a = 3.0 @ v%lts ' .volcts P cou\]/%llltse ' * vocl‘t);np.
3.0 2.8285 1.68121 0 0 0 0 0
1.0 0.97931 0.98960  +0.02058 +0.021407 —0.00084 +0.020637 —0.00007¢
0.3 .29754 . 54548 + .039575 + .040499 -— .000915 -+ .039483 -+ .000092
.1 .099533 31549 + .055989 + .056973 — .000984 + .056015 — .00002g
.03 029896 .17290 + .07478g + .075469 — .000683 + .074659 -+ .000134
.01 009969 .099845 -+ .09187g + .092915 — .001037 + .09232¢9 — .000442
.003 .0029911 .054691 -+ .112391 + .11263¢9 — .000239 + .112288 + .000103
.001 . 00099705 .031576 -+ .130934 + .130919 + .000015 -+ .130885 + .000049
ZAE = —0.004633 ZAE = — ,000164
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The significance of these data is best made clear by a consideration of
Fig. 3, in which E;~ E, is plotted against log ¢;. This method of plotting
was chosen because it gives a curve which is more nearly straight than any
other method we have found but careful inspection shows that the curve
is not straight but has a point of inflection near the middle with opposite
curvature at the two ends. In Fig. 3 the observed values of MacInnes and

0.090 \

0.060

0.030 fi \

E. m. f., volts.

~0.030
N

—0.060
\

-3.0 ~2.0 -1.0 0 0.8
Log C.

Fig. 3.—Electromotive force of lithium chloride concentration cells
with transference, plotted against log C;. Points inside circles repre-
sent experimental data of MacInnes and Beattie. The curve is the
plot of equation (15).

Beattie are shown as points within the circles whereas the curve is the
plot of the equation (15) and hence represents the value of the electro-
motive force of lithium chloride concentration cells with transference pre-
dicted from independent data, namely, our values of the transference
numbers obtained by the analytical method and MacInnes and Beattie’s
determinations of the activities of the ions in lithium chloride by measure-
ments of the electromotive force of concentration cells without transference.
As will be seen from Fig. 3 the experimental values of the electromotive
force of concentration cells with transference fit the computed curve closely
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and follow the complicated curvature throughout the range. This shows
that there is no real discrepancy between our results for the transference
number of lithium chloride obtained by the analytical method and the
data of Maclnnes and Beattie. The apparent discrepancy depicted in
Figs. 1 and 2 is therefore due to faulty computation of transference num-
bers by MaclInnes and Beattie from their data. This case is in every
respect analogous to the case of barium chloride discussed in an earlier
paper by Jones and Dole and therefore furnishes additional evidence
as to the general validity of the equation
= ———A —
1+ B+t

But although the deviations between the observed and the computed
values are so small as to be scarcely visible on a 50-cm. plot, the computa-
tions recorded in Table V show that there are deviations which are ap-
parently systematic and somewhat larger than the probable experimental
errors. We may, therefore, reverse the calculations and compute trans-
ference numbers from the data of Maclnnes and Beattie using the as-
sumption that the equation expressing the variation of the transference
number with the concentration will have the form of the Jones and Dole
equation and determine the values for the constants in this equation from
the electromotive force data alone. The mathematical procedure for
doing this has been explained in detail in the paper of Jones and Dole and
will not be repeated here. The computations required are extremely
laborious. However the fundamental differential equation for the electro-
motive force of concentration cells with transference is integrated and
applied without introducing any mathematical assumptions or premises
other than the Hiickel activity function and the Jones and Dole transference
function. The result of these calculations is 4 = 1.3394 and B = 0.04565.

The values for the electromotive force of concentration cells with trans-
ference were computed with these values of A and B and the results are
shown in the last two columns of Table V. As will be seen, the deviations
between the observed and computed values are small. The sum of all the
deviations is —0.00016 volt and the average deviation disregarding the
sign is 0.00013 volt.

We may conclude, therefore, that the data of Maclnnes and Beattie
may be interpreted as showing the transference number of lithium chloride
to be f = [1.3394/(1 -+ 0.04565 /¢)] — 1.

This equation leads to a value for the transference number at infinite
dilution of 0.3394 instead of 0.3337 obtained by extrapolation from the
analytical data. As the concentration is increased, the difference between
the results of the two methods decreases up to 0.2 normal, where the
results differ by only 0.001, and then the sign of the difference is reversed
at higher concentrations and becomes —0.0064 at 1 normal and —0.014 at 3

¢ 1



150 GRINNELL JONES AND B. C. BRADSHAW Vol. 54

normal. These differences are believed to be due to experimental errors
in one or both sets of experimental data. We conclude that the data of
MacInnes and Beattie when interpreted with the aid of Hiickel's equation
for the activity coefficient support the Jones and Dole equation for the
variation of transference numbers with the concentration.

Grateful acknowledgment is made for an appropriation from the Milton
Fund of Harvard University for the expenses of this investigation.

Summary

1. The transference numbers of the lithium ion in lithium chloride
solutions have been measured by the analytical method at 25° at many
different concentrations between 0.023 and 2.95 normal and found to vary
from 0.3272 to 0.2575 over this range.

2. The results can be expressed by the equation

¢ = [1.3337/(1 + 0.03605 /)] —1

3. The limiting value of the transference number of the lithium ion in
lithium chloride at 25° is 0.3337.

4. It is computed from the data of Maclnnes and Beattie on the elec-
tromotive force of concentration cells without transference that the mean
activity coefficient of the ions in lithium chloride at 25° varies with the con-
centration in accordance with the equation

logio f = [—0.500632 v//(1 + 0.89055 /&)] + 0.15003 ¢

This function has the form derived by Hiickel.

5. The data of MacInnes and Beattie on the electromotive force of
lithium chloride concentration cells with transference when interpreted
by the method of Jones and Dole lead to the conclusion that the trans-
ference number is ¢ = [1.3394/(1 + 0.04565 v/¢)] —1.

6. The equation for the transference number of the cation as a function
of the concentration ¢ = [4/(1 4+ B+/¢)] —1, which Jones and Dole have
shown to be valid for barium chloride is proved in this paper to be valid for
lithium chloride also. :
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