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Some properties of Bredig colloidal lead have been compared with the
corresponding properties of colloidal gold, silver and platinum.
New York Crry
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As part of some investigations being carried on in this Laboratory, it
was found desirable to make a series of measurements of the conductivity
and viscosity of solutions of lithium nitrate in mixtures of methyl alcohol
and ethyl alcohol, and of methyl alcohol and water. Such measurements
have previously been made by Jones and Lindsay? and by Jones and
Carroll,® but it seems desirable to report the more extended series of
measurements which we have made.*

Materials

Lithium Nitrate.—This was prepared from pure lithium carbonate and c. p. nitric
acid, was recrystallized five times from conductivity water and was then shown to be
free from impurities by a spectroscopic test. The drying of the salt was found to be
more difficult than would be indicated from the literature. Anhydrous material could
only be obtained by prolonged heating at 150° in a vacuum. This probably accounts for
the fact that the values here recorded are uniformly higher than the values previously
reported.

Water.—Laboratory distilled water was electrically redistilled from alkaline
permanganate and had a conductivity of 1to 1.2 X 108,

Alcohol.—A good grade of ethyl alcohol was successively treated with lime, metallic
calcium, silver nitrate and finally again with lime prepared according to Danner and
Hildebrand.* Thus prepared it had a conductivity of about 3 X 10~7, while methyl
alcohol prepared in a similar manner had a conductivity of 2 X 1075,

Solutions.—Dry lithium nitrate was weighed into a quartz flask, solvent of the
required composition then being added to give a solution of the greatest desired con-
centration. More dilute solutions were made by adding solvent in the required amount
to this stock solution.

Apparatus and Measurements

A Leeds and Northrup Kohlrausch slide wire bridge with extension coils, a micro-
phone hummer, tunable head phones, Curtis coil resistance boxes, adjustable air con-

1 The data reported in this paper constitute a portion of a Dissertation presented
to the Graduate Faculty of the State University of Iowa by S. R. Spencer, in partial
fulfilment of the requirements for the degree of Doctor of Philosophy.

? Jones and Lindsay, Am. Chem. J., 28, 329 (1902).

3 Jones and Carroll, 7bid., 32, 521 (1904).

¢ For a summary and review of the work of Jones in the field of conductivity in
mixed solvents see Jones and Kreider, 7b:d., 45, 282 (1911).

§ Danner and Hildebrand, TaIS JOURNAL, 44, 2824 (1922).
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densers and the usual sheathings and shieldings were used. The grounded water-bath
consisted of a heavy Pyrex vessel of about 12 liters’ capacity, the temperature being
regulated to 25 = 0.01°. Washburn pipet cells were calibrated by the method of Kraus
and Parker.® All other apparatus was carefully calibrated and from 8 to 15 resistance
measurements were made on each solution used. All values were corrected for the con-
ductivity of the pure solvent.

Viscosity measurements were made in an Ostwald type quartz viscosimeter.

Experimental

Methyl Alcohol-Ethyl Alcohol Mixtures.—The equivalent conductivi-
ties of solutions of lithium nitrate of various concentrations and in solvents
ranging in composition from pure methyl alcohol to pure ethyl alcohol are
recorded in Table I. In every solvent used the equivalent conductivity
increases with dilution as is normally the case with water solution, but in
no case does the Mass Law hold. For the more dilute solutions the
conductivity is almost exactly a linear function of the composition of the
solvent, and even for the 0.1 molar solution the deviation is small. The
viscosities of a series of mixtures of the two alcohols are given in Table II,
referred to water at 25° as unity.

TABLE I

THE EQUIVALENT CONDUCTIVITY OF LITHIUM NITRATE IN METHYL ALconOL, ETHYL
AILCOHOL AND IN MIXTURES OF THESE SOLVENTS AT 25°

Concn., 1009, 100%,
molar CH:OH 909 80% 70% 60% 50% 40% 30% 20% 109, C.H:OH
0.1 54.27 50.56 45.71 41,83 37.05 33.84 30.16 26.88 23.62 21.01 17.47
.05 63.07 58.10 53.17 40.19 43.87 40.12 35.82 32.04 28.36 24.69 20.74
.023 71.27 65.49 59.30 55.73 49.77 45.95 41.05 36.96 32.75 29.07 24.07
.0125 78.88 72.21 66.30 61.92 56.33 51.49 46.11 41.57 37.05 32.09 27.36
.00825 84.70 78.51 72.36 67.16 61.85 56.35 50.82 45.81 41.17 36.10 30.40
.003125 89.30 83.87 77.91 71.21 64.41 61.03 54.82 49.92 45.06 39.22 33.25
.001562 93.10 87.85 81.84 75.21 69.87 65.09 59.50 53.34 47.40 41.12 35.10
.000781 95.63 91.40 85.16 79.11 73.15 67.52 62.10 56.05 50.05 44.08 88,13
,000391 99.59 94.02 88.10 82.24 76.05 70.51 64.85 59.24 53.19 47.31 41.10
.000195 104.17 98,12 92.18 86.15 80.21 74.31 67.81 62.14 55.91 50.08 44.16
TABLE II
THE ViscosITY OF METHYL ALCOHOL-ETHYL ALCOHOL MIXTURES AT 25°
CH:0H, %, Viscosity CHi0H, 9, Viscosity CH:0H, 9, Viscosity
100 0.5968 60 0.7800 20 1.0477
90 .6400 50 .8262 10 1.1310
80 .6826 40 .8785 0 1.2530
70 7249 30 .9618

In Fig. 1, Curve 1, composition of solvent is plotted against equivalent
conductivity for the most dilute solution; in Curve 2 composition is plotted
against viscosity for the pure solvent. Viscosity determinations were
made for a number of the more dilute solutions but the values obtained
differed so little from those for the pure solvents of the same composition
that the latter values have been used in all cases.

¢ Kraus and Parker, THIS JOURNAL, 44, 2422 (1922).
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Methyl Alcohol-Water Mixtures.—Table III gives the equivalent
conductivities for a series of solutions of lithium nitrate in various mixtures
of methyl alcohol and water. Viscosities of the same mixtures are given
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Curve 1.—Composition—conductivity. Curve 2.—Composition—viscosity.

Fig. 1.—Lithium nitrate in methyl alcohol-ethyl alcohol mixtures.

in Table IV. Dilution was not carried as far as with the methyl alcohol~-
ethyl alcohol mixtures, since it was found that at a concentration of 0.00625
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Curve 1.—Composition-conductivity. Curve 2.—Composition—viscosity.
Fig. 2.—Lithium nitrate in methyl alcohol-water mixtures.

molar the viscosity of the solution did not differ appreciably from that
of the pure solvent. The corresponding curves are shown in Fig. 2.
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TasrLg IIT

Turg EQUIVALENT CONDUCTIVITY OF LrtHiuM NETRATE IN WATER, METHYL ALCOHOL
AND IN MIXTURES OF THESE SOLVENTS AT 25°

Conun, 1007 10077,
molur H:0' 907 807 709 609 50T, 407, 805, 207 109 CH;0H
0.1 00.56 75.090 64.01 54.95 50.25 47.14 45.50 49.01 47.15 49.82 54.27
08 94.84 79.81 66.85 57.71 53.07 50.01 48.37 49.21 51.40 54.96 63.07
023 98.87 83.05 70.04 60.23 55.54 52.40 51.05 52.24 55.20 59.81 71.27
0125 102.14 85.85 72.77 62.57 57.97 54.70 53.47 55.17 53.99 64.68 78.88
00625 105.45 88.483 75.91 64.75 60.04 56.60 55.56 53.00 62.95 68.87 84.70
TaBLE IV
THE VIscosrty oF WATER-METHYL ALCOHOL MIXTURES AT 25°
H.O, Viscosity H:0, ¢ Viscosity H.0, Viscosity
100 1.000 60 1.781 20 1,229
90 1.240 50 1.760 10 0.9473
S0 1.466 40 1.6536 0 5069
70 1.667 30 1.483

Ethyl Alcohol-Water Mixtures.-—Data of previous authors are uscd
for ethyl alcohol-water mixtures, conductivity data from Jones and
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Curve 1.—Composition—-conductivity. Curve 2.—Composition—viscosity.
Fig, 3.—Lithium nitrate in ethyl alcohol-water mixtures.

Lirdsay? and viscosity data from Noack.” Graphs are shown in Fig. 3.
The conductivity data are unsatisfactory since values are given only for
one mixture, that containing 5097 alcohol. It is evident, however, and
is so stated by Jones and Lindsay® that no minimum exists at 25°, although
a slight minimum is found for certain concentrations at 0°. An examina-

7 John C. Hvans, '‘Physico-Chemical Tables,” Griffin and Co., Ltd., London,

1911, 1. 651,
B Rel. 2, p. 362,
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tion of Fig. 3 shows that a decided maximum occurs in the composition—
viscosity curve, in this respect being similar to the methyl alcohol-water
mixtures.

Discussion

Jones and Lindsay? and Jones and Carroll?® studied solutions of several
salts in mixtures of methyl alcohol and water. Measurements were made
at various concentrations and at 0 and 25°. They concluded that “the
minimum of conductivity is caused primarily by the great decrease of
fluidity resulting when the two components of the mixture are brought
together.”® Without considering the many dilutions used, 23 distinct
cases were studied, of which 9 show a very pronounced minimum in the
conductivity curve, 3 show a slight minimum, while 11 show no minimum.!0
The very marked minimum occurs only in the methyl alcohol-water
mixtures, while in the ethyl alcohol-water mixtures the minimum occurs
only at 0°, and then only occasionally. For calcium nitrate no minimum
appears under any conditions. These results are difficult to interpret
in terms of viscosity, especially in view of the fact that one of the common
arguments in favor of the relationship between viscosity and conductivity
is that the temperature coefficients of the two are nearly the same.

We have verified and extended Jones’ results for the methyl alcohol-
water mixtures and have obtained data for methyl alcohol-ethyl alcohol
mixtures. The work is being continued to include a number of the higher
alcohols.

Summary

1. Measurements have been made of the conductivities and viscosities
of solutions of litkium nitrate in water, methyl alcohol and ethyl alcohol,
and in various mixtures of these solvents.

2, 'The difficulties involved in drying lithium nitrate have been pointed
out and are shown to be a possible source of error in previous work.

Iowa Crry, Iowa
? Ref. 2, p. 553.

10 Three of this group show a very slight minimum at one concentration. The
reader is referred to the original article for a complete comparison.



