
THE VISCOSITY OF CERTAIN ALCOHOLIC SOLUTIONS. 833 

Since the dissociation of Fe2O3 results in the formation of a solid solu
tion, the pressure of oxygen and the composition of the solid phase de
pend upon the relation of the weight of the charge to the volume of 
the space into which the oxygen dissociates. This fact accounts for the 
variety and uncertainty of results heretofore obtained in experiments 
on the dissociation pressure of FejOj. 
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About a year ago the author, in collaboration with Dr. Geraiann,1 

published the results of a series of determinations of the vapor pressures 
of solutions of three typical solutes in methyl and ethyl alcohols. It has 
seemed worth while to investigate in addition some of the other physical 
properties of such solutions. The electrical conductivity of those that are 
conductors have already been measured, so in this paper the results of 
viscosity determinations are given, together with a general discussion 
of the relations existing between the viscosity and other physical proper
ties of such solutions. 

The solutes were the same as those employed in the vapor-pressure 
determinations, viz., lithium chloride, potassium iodide and benzrl; and 
in addition urea, since vapor pressures of solutions of this substance in 
ethyl alcohol have recently been published.* The urea used was a pure 
preparation and was further purified by two crystallizations from hot 
absolute alcohol; the other solutes were from samples which had been 
purified for the vapor tension work. They were all preserved after puri
fication in a vacuum desiccator. THe alcohols were purified by allowing 
"C. P." preparations to stand in contact with quick-lime for a year, 
after which they were distilled on to anhydrous copper sulfate andretntemed 
in contact with it for somewhat over a week. After this they were firac-
tioned in vacuo in an apparatus like that described in the previous paper, 
and were then distilled, still in vacuo, on to weighed quantities of the solute. 
The solutions thus obtained were transferred to the viscosimeter by 
means of an apparatus essentially the same as that employed by Thorpe 
and Roger3 for the same purpose, and were therefore in contact with 
ordinary air only for the moment they were being transferred from the 
distilling apparatus. In the viscosimeter they were in contact only with 
air which had been dried over phosphorus pentoxide. 

1 THIS JOURNAL, 36, 2449 (1914). 
' Price, J. Chem. Soc, 107, 188 (1915). 
8 Phil. Trans., [A) 185, 415 (1894). 
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The viscosimeter used was a modified form of the Bingham apparatus 
(see Fig. i) . Tt had two vertical capillary tubes about 5 cm. long, one in 
each arm of the instrument, instead of one horizontal, removable capillary 
as in the apparatus employed by Bingham and White.1 Its total capacity 

while in operation was 5 cc. I t 
stood in a water bath with glass 
sides of about 10 liters capacity, 
whose temperature could easily 
be maintained within 0.1 ° of 
the desired temperature, usually 
15 °. Each arm of the viscosim
eter was connected with an out
let of a four-way stopcock. The 
other outlets of the stopcock 
connected with the external air 
and with an air chamber, re
spectively. The air in the cham
ber was maintained at constant 
pressure by means of a column 
of water equivalent to 47 mm. 
of mercury. A large tube con
taining phosphorus pentoxide 
separated the air in contact 
with the water column from the 
main air chamber. In carrying 
out an experiment the liquid in 
the instrument was driven from 
A to B (see Fig. 1) or vice versa 
by means of the constant air 
pressure, the time being mea
sured with a stop-watch. 

The apparatus was calibrated 
by using s p e c i a l l y purified 
water, whose viscosity at 15 ° 
was assumed to be 0.01136, 
which is the average of the Fig. j . 

results of Thorpe and Roger2 and of Bingham and White.3 To illustrate 
the slight variations observed in the time of flow, one set of the results 
with water are given in Table I. 

1 Z. physik. Chem., 80, 684 (1912). 
2 Loc. cit. 
3 Ibid., Hosking's value at this temperature is 0.01142, Phil. Mag., [6] 18, 260 

(1909). This seems to be too high. 
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TABLE I. 

Average 

Min. 

5 
5 
5 
5 
5 
5 

5 

Emptying. 

Sec. 

33 
3 2 . 

33 
32 

33-
33 

3 2 . 

Filling. 

• 9 
Average both sides, 5 min., 30.7 sec. 

Min. 

5 
5 
5 
5 
5 
5 

5 
330.7 sec. 

Sec. 

28 
29 
29 
2 8 . 5 

28 

2 8 . 5 

2 8 . 5 

Since the driving force due to the weight of the liquid was negligible 
in comparison with the pressure exerted by the water column,1 we have 
for any two liquids, 57/7)' = t/t', in which 77 and r?' are the viscosities and 
t and t' are the times of flow of the two liquids, respectively. For water 
a t 15°, I)' = 0.01138, and t' = 330.7 sec. (see Table I ) ; therefore for any 
other liquid 7? = ri'/t' t = 0.00003435 *> which is the equation used in cal
culating the viscosities in all of the following work. 

T h e viscosity of methyl and ethyl alcohols has been previously de
termined, as well as t ha t of mixtures of these alcohols with water for every 
5 or 10% change of concentration up to pure water.2 These results have 
been plotted in curves showing the variation in the viscosity with increasing 
quantit ies of water. However, no determinations have been made be
tween the viscosity of pure alcohol and tha t of a mixture containing 
about 5 or 10% of water. This is a portion of the curve which it is very 
desirable to know as accurately as possible, and hence I have determined 
not only the viscosity of the alcohols themselves, bu t also t h a t of mix-

TABLB II. 
Methyl alcohol. 

% water 
by wt. 

O.O 

O.762 

I . 2 3 0 
2.477 
4-653 
8.IO3 

I I . 2 I O 

15 • 142 

Viscosity. 
V-

0 . 0 0 6 2 9 2 
0 . 0 0 6 5 2 
O.O0671 
0 . 0 0 7 0 8 
0 . 0 0 7 8 2 

O.O0891 
0 . 0 0 9 9 5 
O . O I I I I 

Ethyl alcohol. 

% water 
by wt. 
O.O 

0 . 7 7 5 
I . 8 7 6 

4 . 1 1 5 
6.764 
9.267 

I I . 1 0 4 
1 2 . 9 7 4 

Viscosity. 
I-

O.OI317 
0 . 0 1 3 8 3 

O.OI443 
O.O1545 
Q.O1678 
O.OI805 
O.OI89I 
O.OI973 

Temper
ature. 

H-53° 
15° 
15° 

1 3 - 2 3 ° 
15° 

15° 
15° 

Methyl alcohol. 

% water 
by wt. 

O.O 

O.O 

1 2 . 2 4 

*.. . 
0 . 0 0 6 4 0 5 
0 . 0 0 6 3 8 
O.OO965 

Ethyl alcohol. 

O.O 

O.O 

6 . 2 2 
1 2 . 2 7 5 

O.OI3573 
0 . 0 1 3 1 5 
O.OI66 
0 . 0 1 8 9 

Observer. 
T. & R.» 
Getman («) 

<i 

T. &R.>, 
B. & D> 
V. & G.« 

" 

•J. 

1 Several experiments showed this to be true. 
8 See for example Dunstan, / . Chem. Soc, 85, 823-4 (1904); and Getman, 

*him. phys., 4, 386 (1906). 
* Thorpe and Rodger, loc. cit., pp. 530-1. 
* Loc. cit., pp. 392 and 395. Given in the text as 10% water by volume. 
* Bingham and White, loc. cit., p. 282. 
« Varenne and Godefroy, Compt. rend., 137, 9931 (1903). Results have been re

calculated to the same units as the others in this paper. 
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tures of them with small quantities of water. The measurements were 
made at 15 °, and the results are given in Table II. Results obtained by 
others at or near the same temperature are shown at the right. Those 
with methyl alcohol differ considerably from mine. This is probably 
due to the fact, that so-called C P . methyl alcohol is not as pure as ab
solute ethyl alcohol, not because it contains more water, but because it 
very likely contains traces of other organic substances, from which it 
is freed only by repeated fractional distillation. This was insured in 
the sample used here by the rigorous fractioning to which the alcohols 
were subjected in vacuo. 

The results of Table II have been plotted in curves, which are repro
duced in Mg. 2. The viscosities of the ethyl alcohol mixtures have been 

sx V- v n \»% 'v- "7. 
Cent enfr»fi on. 

FIG. 2. 

divided by two, and the numbers so obtained used as ordinates. This 
was done so that both curves could be shown on the same diagram. As 
is seen, they both approximate to straight lines, so that there is nothing 
exceptional in the "alcohol end" of the viscosity curves of mixtures of 
water with either methyl or ethyl alcohol. 

The results of the viscosity measurements, which have been made at 
15 ° (the temperature at which the vapor pressure determinations were 
made), are shown in Table III. The reciprocal of the viscosity is known 
as the fluidity. This is shown under p in the last column. 

Table IV gives the results using urea as solute. The measurements 
were made at different temperatures as indicated by the subscripts in the 
viscosity and fluidity columns. 
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TABLE III.—OBSERVATIONS AT 15 °. 

Solvent: Methyl Alcohol. Solvent: Ethyl Alcohol. 
Solute: Lithium Chloride. 

Subs tance in MoI. 
1 g. alcohol. per mol. 

0 . 0 6 8 4 3 

O . 0 4 4 7 9 

O . 0 2 7 5 6 

0 . 0 1 4 5 9 

O . O 1 3 9 2 

O.OO792 

O.OO490 

O . 0 0 2 6 5 5 

O . H 6 9 4 

O . 0 7 6 7 4 

O . 0 4 5 7 4 

O . O 2 2 6 5 

O . O I I 8 7 

O .OO574 

O . 0 4 2 9 3 

O . 0 3 1 1 2 

O . O 1 8 8 9 

O . O I O 9 4 

O . 0 5 1 7 0 

O . O 3 3 8 6 

O . 0 2 0 8 2 

O . O I I 0 2 

O . O I 0 5 2 

O . O O 5 9 8 3 

O.OO37O3 

0 . 0 0 2 0 0 5 

O . O 2 2 3 8 

O . O I 4 8 1 

O.OO883 

O.OO437 

O.OO229 

O . O O I I I 

0 . 0 0 6 5 4 5 

0 . 0 0 4 7 4 5 

0 . 0 0 2 8 8 0 

0 . 0 0 1 6 6 8 

Subs tance in 
1 g. alcohol. MoI 

O. 

O. 

O. 

O. 

O. 

O, 

Substance 
in 1 g. 
alcohol. 

0 . 0 4 7 4 9 
O . 0 3 1 6 3 

O . O 1 4 3 2 

O.OO7395 

0 9 1 5 4 0 

0 6 1 1 0 0 

0 4 3 3 5 O 
0 2 9 8 6 0 

0 1 5 6 7 0 

1-

0 . 0 1 4 7 1 

0 . 0 1 1 1 8 

0 . 0 0 9 1 1 4 

0 . 0 0 7 8 1 5 

0 . 0 0 7 7 2 9 

0 . 0 0 7 2 0 7 

0 . 0 0 6 8 9 1 

0 . 0 0 6 6 6 7 

Substance in 
if. 1 g. alcohol. 

6 7 . 9 8 O . 0 4 5 1 6 

8 9 . 4 5 0 . 0 3 5 0 1 

I O 9 . 7 O . 0 2 0 9 3 

1 2 8 . 0 O . O I O 4 8 

1 2 9 . 4 O . O O 4 8 2 4 

1 3 8 . 8 O.OO2587 

1 4 5 - I 
1 5 0 . 0 

Solute: Potassium Iodide. 

0 . 0 0 8 2 3 

0 . 0 0 7 6 8 

0 . 0 0 7 1 7 

0 . 0 0 6 7 4 

0 . 0 0 6 5 6 5 

0 . 0 0 6 4 6 5 

0 . 0 0 6 6 6 1 

0 . 0 0 6 5 8 9 

0 . 0 0 6 4 7 9 

0 . 0 0 6 4 1 0 

1 2 1 . 5 0 . 0 1 3 3 7 

I 3 0 . 2 0 . 0 0 8 2 0 

1 3 9 - 5 0 . 0 0 4 7 4 
1 4 8 . 4 

1 5 2 3 

1 5 4 - 7 

Solute: Benzil. 

1 5 0 . 1 0 . 0 2 0 3 9 

1 5 1 . 8 0 . 0 1 1 3 6 

1 5 4 . 3 0 . 0 0 6 8 2 

1 5 6 0 

Mol . 
per mol. 

O . O 4 9 0 4 

O . 0 3 8 0 2 

0 . 0 2 2 7 3 

O . O I I 3 8 

O .OO5236 

O . O O 2 8 0 9 

O . O O 3 7 0 9 

O . O O 2 2 7 4 

O . O O 1 3 1 5 

O.OO447O 

O . O O 2 4 9 6 

O . O O I 4 9 5 

TABLE IV.—UREA AS SOLUTE. 

Solvent: Methyl Alcohol. 

. per mol. l a ° . ' a 0 -

. 0 4 8 8 2 

. 0 3 2 5 8 

. 0 2 3 1 2 

. 0 1 5 9 2 

• 0 0 8 3 5 5 

0 0 8 6 9 3 0 . 0 0 4 6 3 6 

MoI. per mol. 

0 . 0 3 6 4 1 0 

O . 0 2 4 3 5 O 

0 . 0 1 0 9 8 0 

0 . 0 0 5 6 7 0 

0 . 0 0 6 6 9 0 1 4 9 . 5 

0 . 0 0 6 4 3 5 1 5 5 . 4 

0 . 0 0 6 1 8 3 1 6 1 . 7 

0 . 0 0 5 9 6 8 1 6 7 . 6 

0 . 0 0 5 7 7 1 1 7 3 - 3 

0 . 0 0 5 6 6 5 I 7 6 - 5 

0 . 0 0 5 5 2 3 1 8 1 . i 

Solvent: Ethyl Alcohol. 

%• . va°. "*o°. «•»<> °. 
. 0 1 2 4 3 8 0 

. 0 1 1 9 5 8 3 

. 0 1 1 4 0 8 7 

. 0 1 1 2 1 8 9 

. 5 0 . 0 0 7 7 6 2 1 2 8 . 8 

. 7 0 . 0 0 7 5 3 5 1 3 2 . 7 

. 7 0 . 0 0 7 3 0 1 1 3 7 . 0 

. 2 0 . 0 0 7 1 6 4 1 3 9 . 6 

I4O0-

0 . 0 0 5 4 9 3 

0 . 0 0 5 1 5 5 

0 . 0 0 4 9 6 4 

0 . 0 0 4 8 1 9 

0 . 0 0 4 6 6 3 

0 . 0 0 4 5 5 8 

0 . 0 0 4 4 6 0 

Mol . per mol. 

O . 0 4 8 7 5 1 

O . 0 3 8 0 4 1 

O . 0 3 0 0 5 1 

0 . 0 1 8 3 6 1 

V-

0 . 0 2 9 9 8 

0 . 0 2 4 8 6 

O . 0 1 9 7 7 

O . 0 1 6 4 3 

O . 0 1 4 7 7 

0 . 0 1 4 0 5 

O . 0 1 3 8 6 

0 . 0 1 3 6 2 

0 . 0 1 3 4 2 

0 . 0 1 3 3 5 
0 . 0 1 3 2 8 

0 . 0 1 3 2 2 

»4»». 

1 8 2 . I 

1 9 4 . 0 

2 0 I - 5 

2 0 7 . 5 

2 1 4 . 5 

219.4 

2 2 4 . » 

"40°. 

O.OO9595 

0 . O O 9 3 2 3 

0 . O O 9 I 2 4 

O.OO8842 

O.OIO95 0 . 0 0 8 6 4 7 

0 . 0 0 6 6 5 9 < 

O . 0 0 3 7 1 2 ( 

3 . 0 0 8 5 4 2 

3 . O 0 8 4 3 O 

*• 
33-36 
4 0 . 2 3 

5 0 5 8 

60.86 
67.70 

7 1 . 1 7 

7 2 . 1 5 

73 -4* 
74- 52 

74-9» 
75-30 
75-64 

* * * • , • • 

1 0 4 . 2 

1 0 7 . 2 

1 0 9 . 6 

1 1 3 * 

H5-7 
1 1 7 . 1 

1 1 8 . 6 

Pure alcohol 0.01098 91.1 0.007040 142.1 0.008382 119.3 
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In order to ascertain how the viscosity of these solutions varies with 
change of temperature, the following measurements were made at the 
temperatures indicated by the subscripts (Table V): 

Substance in 
i g. alcohol. 

O.09772 

C.07039 

O.03593 
0 . 0 1 7 8 6 

TABU5 V. 

Potassium Iodide in Methyl Alcohol. 

MoI. per mol. 

O.O1885 

O.OI358 

0.006933 
0.003445 

"25°. 

0.006767 
0.006450 
0.006018 
0.005782 

147 .8 

1 5 5 . 0 
166.2 

1 7 3 . 0 

'40°. 

O.OQ5443 
0.005207 
0.004864 
0.004661 

•"40 ° 

183. 
192 

205 

214 

Benzil in Methyl Alcohol. Benzil in Ethyl Alcohol. 
Substance 

in 1 g. 
alcohol. 

0O5477 
0.03337 
0.020IO 
O.OIO74 

MoI. per mol. 

O.OO835 

O.OO509 

O.OO3065 

O.OO1637 

0.004880 
0.004727 
0.004624 
0.004552 

*Uo°. 

2 0 4 . 9 
2 1 1 . 5 
2 1 6 . 3 

2 1 9 . 7 

Substance 
in 1 g. 

alcohol. Mol. per mol *"40o. «>40°. 

0 .04717 0 . 0 1 9 3 4 0 . 0 0 8 7 2 3 1 1 4 . 6 
0 . 0 3 8 2 4 0 . 0 0 8 3 8 3 0 . 0 0 8 6 5 9 115 .5 
0 . 0 2 5 7 4 0 . 0 0 5 6 4 2 0 . 0 0 8 5 6 6 116.7 

0 . 0 1 2 0 6 0 . 0 0 2 6 4 4 0 .008472 1 1 8 . 0 

The variation of the viscosity with the concentration of those solutions 
of which the measurements were made at 15 ° and of the urea solutions 
at 40 ° is shown in the form of curves in Fig. 3. 

These curves show that each solute affects the viscosity of both alcohols 
in a very similar manner. The steepness of the curve depends obviously 
on the solvation of the solute. Lithium chloride combines to a consider
able extent with the alcohols and its curves are therefore the most in
clined, potassium iodide which combines to a less extent gives curves of 
intermediate slope, while the curves of benzil and urea which do not com
bine with the solvent to any extent are quite flat. Of course also, in the 
case of the first two solutes besides combination with the solvent, ioniza
tion takes place, which renders interpretation of the results more difficult. 

According to Bousfield1 the viscosity of a solution is proportional to 
the radions of the different substances composing the solution. By 
radion he denotes the average molecular radius of a given species of mole
cules, as, for example, those of water, in the forms of hydrol, dihydrol 
and trihydrol. His expression for t i e viscosity is then, q = CiBiTx + 
C2B2Ti + etc. in which Ci, C2, etc., are constants and Bh B2, etc., are 
the volume fractions occupied by a set of molecules whose radions are 
Ti, r2, etc., respectively. Now in aqueous solution, on account of the 
association of the solvent, the value of r may undergo great changes 
due to the action of the solute on the three kinds of water molecules. 
The alcohols are less associated than water, and consequently one might 
expect a solute to have less effect in altering the average molecular size, 
that is, in altering their radions. This being the case, the change in 

1 Phil. Trans,, (A) 206, 134 (1906), and also J. Chem. Soc, 107, 1781 (1915). 
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viscosity of a given solution with the concentration should depend more 
upon the solute and its changes in solvation and ionization than upon 
the solvent; and this is what the curves of Fig. 3 seem to show In aqueous 
solution these solutes have a very different effect upon the viscosity. 

M ta M XA .05 
Concentration. 

^>g. 3-—The scale of viscosities is that of the solutions in methyl alcohol. In order to 
show the results in ethyl alcohol solution on the same diagram, the viscosities of 
such solutions have been halved and then 0.001 added. This last was done so that 
the curves would not be superimposed upon those of the methyl alcohol solutions. 
For example, the viscosity of pure ethyl alcohol at 15° is 0.01317; one-half of this 
is 0.00659, and adding 0.001 we obtain 0.00759, which is the point E in the left-
hand margin. All ordinates for the ethyl alcohol solutions were obtained in the 
same manner. 

As is well known, potassium iodide and a number of other salts of caesium, 
rubidium, potassium and ammonium, when dissolved in water, yield 
solutions with negative viscosities, and also the viscosity curve of lithium 
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chloride in water1 (shown as a dotted line in Fig. 3) is very unlike the ones 
here obtained when it is dissolved in alcohols. 

The viscosity of a solution is a resultant of a number of forces, of which 
one of the principal is the same as that which determines the vapor tension. 
Vapor tension is due to the motion of the molecules of a liquid and the con
sequent escape of some of them from the surface of the liquid into the vapor 
state; and in general the more viscous a liquid the less is its vapor tension. 
The expression, p — pi/pc, that is, the relative lowering of the vapor 
pressure divided by the concentration is a characteristic constant for 
solutions. It is known that the similar expression for the viscosity, 
viz., n'—v/vci is not characteristic of aqueous solutions. However, 
for the reasons advanced above, in the casesof alcoholic solutions such an 
expression might be constant and might show some relation to the vapor-
pressure lowering constant. To test this these two expressions have 
been evaluated for the alcoholic solutions considered in this paper in 
so far as vapor-pressure measurements are available. The results are 
shown in Table VI. 

The fluidity of a solution has sometimes been found to be more inti
mately related to certain other of its physical properties than has the 
viscosity. Consequently for the solutions of lithium chloride in the alco
hols the numerical values of the expression <p — <p'/<pc are given also. I t 
is seen, however, that these values are not so constant as those under 
the similar expression for the viscosity, and hence space will not be con
sumed in giving these values for the remainder of the solutions. The 
vapor pressures of the lithium chloride, potassium iodide and benzil 
solutions are taken from the work of Tower and Germann,8 and of the 
urea solutions from the work of Price.4 In the former case the viscosities 
have been read off from the curves of Fig. 3, at the concentrations at 
which the vapor pressures were measured, and in the latter case the re
verse method has been employed, that is, the vapor pressures have been 
taken from Price's curves at the concentrations at which the viscosities 
were determined. The values of the viscosity are not repeated in the 
following table unless they are interpolated values not previously given. 
The viscosity, ij, of the pure alcohols will be found in the previous tables. 
The following are the values used for p, the vapor pressure of the pure 
solvents: 

Methyl alcohol, 15°, 73.61 nun. Ethyl alcohol, 40°, 134.95 mm. 
Ethyl alcohol, i j" , 32.18 mm. Ethyl alcohol, 50°, 224.8 mm. 

The concentration c is expressed in mols per mol, and the temperature is 
15 ° unless indicated otherwise by a subscript. 

1 Data from Hosking, Phil. Mag., [6] 7, 472 (1904). 
2 In this expression rj' is the viscosity of the solution and 11 that of the pure alcohol. 
3 Loc. cit., pp. 2454-5. 
4 Ibid., pp. 191-3. 



THE VISCOSITY OF CERTAIN ALCOHOLIC SOLUTIONS. 84 I 

TABLE VI. 

Solute: Lithium Chloride. 
Solvent: Methyl Alcohol. Solvent: Ethyl Alcohol. 

P-P' v'—v <p—e' 
rtf. pc T]C tpc 

O.OI25O I.9I 24.I 12.1 

O.OI082 I.87 22.9 13.3 

O.OO905 I.78 22.1 I5.O 

0.00807 1-82 21.8 17.C 

0.00724 72.6035 0.00733 1.88 22.8 19.6 

O.OO468 73.0229 O.OO7OO IJO 24.I 21.5 

O.OOI85 73-4652 O.O0665 I.06 30.9 28.9 

O.O4IO3 67.85 

O.03I50 69.27 

0.02032 70.950 

O.OI298 71.870 

t—t' v'—v V-v' 
C. P'. Yl'. PC JlC pc 

O.O4I56 3O.385 O.02632 I.34 24.0 I2.0 

0.02268 31.0215 O.OI974 1.59 22.0 I4.7 

0.01875 314262 0.01854 126 21.8 15.5 

0.01289 31.6930 0.01687 i-'S 21.8 17.0 

O.OIO24 31.8403 O.Ol6l8 I.03 22.3 l8.2 

Solute: Potassium Iodide. Solvent: Methyl Alcohol. 

P-P' <i'-v 1 ' -
c'. P'. v'. i 

0 . 0 2 4 4 4 7 0 . 6 9 2 0 .00837 i -

0 . 0 1 4 8 9 7 1 . 8 3 0 0 . 0 0 7 6 9 I . 

0 . 0 0 9 4 2 7 2 . 4 8 7 0 . 0 0 7 2 1 I . 

0 . 0 0 6 3 0 7 2 . 8 1 2 0 . 0 0 6 9 3 i -

0 . 0 0 3 3 3 7 3 . 1 8 7 0 .00665 i . 

0 . 0011c 7 3 4 5 6 0 .00647 i . 

>C IJC C. 1 c 2 5 ° I * ™ 0 

62 13 .5 

62 I 4 . 9 

62 1 5 . 5 O.OI885 II 
72 l 6 . 2 O.OI358 12 

73 17.2 0 . 0 0 6 9 3 3 12 

76 2 4 . 0 0 .003445 13 

Solute: Potassium Iodide. Solvent: Ethyl Alcohol. 

C- P'- I)' . 

0 . 0 0 4 6 3 3 1 . 9 9 0 3 0 . 0 1 3 9 9 

0 . 0 0 2 7 5 3 2 . 0 6 7 3 0 . 0 1 3 7 2 

0 . 0 0 1 7 0 3 2 . 1 1 7 2 0 . 0 1 3 5 5 

Solute: Benzil. 
0 . 0 0 5 5 8 7 3 . 2 7 8 0 . 0 0 6 6 2 

0 . 0 0 4 7 9 7 3 . 2 9 0 0 . 0 0 6 5 9 5 

0 . 0 0 3 1 5 7 3 . 4 1 8 0 . 0 0 6 5 0 5 

0 . 0 0 1 6 1 7 3 . 5 1 0 0 . 0 0 6 4 0 

Solute: Benzil. 
0 . 0 0 6 1 9 3 1 . 9 9 2 0 . 0 1 3 3 9 

0 . 0 0 3 3 8 3 2 . 0 6 1 0 . 0 1 3 3 2 

0 . 0 0 1 7 5 3 2 . 1 2 1 0 . 0 1 3 2 5 

P-P' ri'-n 
pc IiC C. 

1.27 13 .5 

1.27 15 .2 

I . 1 5 I 7 . 0 . . . . 

Solvent: Methyl Alcohol. 
0 . 8 1 9 . 4 0 . 0 0 8 3 5 

0 . 9 1 1 0 . i 0 . 0 0 5 0 9 

0 . 8 3 1 0 . 8 0 . 0 0 3 0 6 5 

0 . 8 4 1 0 . 9 0 . 0 0 1 6 3 7 

Solvent: Ethyl Alcohol. 
0 . 9 9 2 . 7 0 0 . 0 1 0 3 4 

1 .09 3 . 3 7 0 . 0 0 8 3 8 3 

i - 0 5 3 . 4 7 0 . 0 0 5 6 4 2 
0 . 0 0 2 6 4 4 

Solute: Urea. 
Solvent: Methyl Alcohol. 

v'—v ri'—v 
C. 1«««' f^40* C. P'v,'. 

0.04882 4.33 4 .74 0.04875 126.8 

0 .03258 5.07 : 4 . 7 8 0 .03804 128.6 

0.02312 5.17 4.89 0.03005 130.3 

0.01592 5.06 5.06 0.01836 132.2 

0.008355 5.38 5.45 0.01095 133-5 
0 .004636 5.55 4.74 0.00666 . . 

Solvent: Ethyl Alcohol. 

P—t'_ v'—v I'—V 
Pctoo 1IC40O c . IJC 2 ,* ' * ' 6 „ 0 

I 1.24 2.97 

• 95 n . 7 0 
.36 12 .33 

.93 1 2 . 4 8 

.61 1 3 . 0 8 

1'—1 

I**)0'' 

1 1 . 3 
1 1 . 8 

1 2 . 0 

1 2 . 6 

3-94 
3-94 
3 8 9 
4.06 

P-P' n'-i 
<- #CJO» Vtn'' 

I 1.24 2.95 O.O364I 3.63 214.5 1-26 2 .8 l 

i 1.23 2.95 0.02425 3 .64 217.74 1-27 2.90 
I.IO 2.99 O.OIO98 3.48 221. 

O.98 2.89 O.OO567 3.69 222. 

. . 2.87 . . . ' -• . . 

81 i .21 3.38 

84 1.50 3.11 
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Considering first the observations at 15°, it is seen that the value of 
the expression 17'—17/V is a constant for any one substance within the 
limits of error of the measurements. To avoid frequent circumlocution 
this will be termed the "viscosity constant," and for the same reason 
the expression p — p'/pc will be known as the "vapor-pressure constant." 
The former does not vary much with the nature of the alcohol except in 
the case of benzil, where it has a much greater value in methyl alcohol 
than in ethyl. In connection with the calculations of the molecular 
weights from the lowering of the vapor pressure it was remarked: "The 
molecular weight of benzil in ethyl alcohol seems to be normal, while 
in methyl alcohol it seems to be associated with one or two molecules of 
the solvent."1 This would account for the abnormally large value of 
benzil's viscosity constant in methyl alcohol (it is not only much larger 
than that of benzil in ethyl alcohol, but also than that of urea in either 
of the alcohols), for the more a solute combines with the solvent the greater 
is this constant. This is shown by its large value in the lithium chloride 
solutions. In the potassium iodide solutions the value is smaller, but 
still considerably greater than in the non-solvated urea solutions. The 
vapor-pressure constant varies in the same order with the solvation of 
the solute, but to a much less degree. There is therefore only the most 
general sort of a parallelism between the two constants. 

The values of these constants at other temperatures than 15 ° illustrates 
the effect of change of temperature upon them. As is well known, Babo's 
law states that the relative lowering of the vapor pressure of a solution 
at any given concentration is independent of the temperature, and this 
has recently been confirmed by Price, that is the expression p — p'/pc 
would be constant at different temperatures, which is seen to be true. 
As to the viscosity constant, it shows but little variation with the tempera
ture. As far as these results are concerned it is apparently constant 
for moderate changes of temperature. However, the data here are too 
meagre to warrant a sweeping statement. 

In a recent paper by Jones and associates,2 the opinion is expressed that 
the negative viscosity exhibited by some salts, of caesium, rubidium, 
potassium and ammonium in certain solvents depends, among other 
things, on the association of the solvent. No negative viscosities were 
found for any of the solutions of these salts in formamid, and they there
fore conclude that this is due to a certain extent to the high association 
of this solvent. It is, however, so far as has been investigated, only in 
water and glycerol of the pure solvents that these salts yield negative 
viscosities. No such negative viscosities have been observed in pure 

1 Tower and Gennann, loc. tit., p. 2456. 
2 Pub. Carnegie Inst., 230, p. 36. 
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methyl or ethyl alcohol nor in acetone. The association factors of these 
liquids are 

Formamid, 6.18 Ethyl alcohol, 2.74 
Water, 3.81 Glycerol, 1.80 
Methyl alcohol, 3.43 Acetone, 1. »6 

The phenomenon of negative viscosity in these solvents has nothing 
apparently in common with the order of these numbers, and until a great 
deal more data are at hand it will be impossible to show what the in
fluence of the solvent is upon it. 

With regard to the nature of the solute, the theory of Jones and Veazey1 

seems plausible, that is, that it is due to the large molecular volume of 
this component of the solution. 

In the paper to which reference has just been made a number of viscosity 
measurements of salts in formamid at 15°, 25 ° and 35 ° are reported.2 

Unfortunately, the concentrations are expressed in volume normal terms 
and no densities are given, so that direct comparison with the results of 
this paper can not be made. However, values of the expression 
y' — y/yc' in which c' is the volume normal concentration, can be calcu
lated; and such values, though not exactly proportional to the values of 
the expression used above, will enable one to form some idea of its con
stancy. I have made this calculation for a number of salts at different 
temperatures,, and find the numbers so obtained to be approximately 
constant for the same salt and to be smaller for salts like CsNOg and 
N(C2Hs)4I, which are not solvated, than for salts like NaI and LiNO3, 
which probably do combine more or less with the molecules of the solvent. 
At different temperatures the values are usually a little less at 35 ° than 
at 15 °, but this is not always the case. In these formamid solutions 
the viscosity was determined only at three concentrations (sometimes 
only two), hence the data are rather insufficient for any broad generaliza
tion. Furthermore, all of the solutes employed were electrolytes. Simpler 
relations might be found to hold if non-electrolytes were used. Additional 
information regarding the points discussed in this paper could probably 
be obtained by measuring the viscosity of solutions in a non-associated 
solvent. The author expects to take up such an investigation at an early 
date. 

Summary. 
(1) The viscosity of very pure samples of methyl and ethyl alconols 

has been determined, and also that of mixtures of these substances with 
small proportions of water. 

(2) The viscosity of solutions of a number of typical solutes in these 
alcohols has been measured, and the value of the expression y' — y/yc 

1 Am. Chem. J., 37, 405 (1907). 
s Jones and associates, Pub. Carnegie Inst., 330, p. 16. 



844 J- WVINGSTON R. MORGAN AND GUStAV BGIvOJF. 

has been compared with that of p — p'/pc, obtained from former vapor-
pressure determinations. 

(3) This "viscosity constant" increases with the solvation of the solute, 
and for the solutions here investigated seems to be almost independent 
of changes of temperature. 

(4) So-called "negative viscosity" is discussed in the light of the re
sults here obtained and also in the light of those obtained by Jones and 
associates with solutions in formamid and in other solvents. 

CI.EVSI.AND, OHIO. 
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The object of this paper is to report the results of the study of two 
typical, so-called, "mutually soluble" liquid mixtures in a large number 
of concentrations, and at temperatures lying both above and below the 
critical solution point, not only from the point of view of surface tension, 
but also of some other physical properties. 

The tip used to determine the surface tension, by aid of the drop-
weight method, was standardized1 by the use of both benzene and water, 
with the following result, each drop-weight value being the mean of at 
least three results agreeing to within a few hundredths of one per cent.: 

TABLE I.—STANDARDIZATION OP TIP. 

Wt. 1 drop. Surface tension 
Liquid. I. (Mg.). ifl. (dynes), y. Constant (•» y/w). 

Benzene 30° 28.352 26.625 0.9391 
Water 300 75.680 7i-°33 0.9386 

Average 0.9389 

To find the surface tension of any liquid in dynes per centimeter, 
from the drop weight in milligrams, at the same temperature, from this 
tip, we have, then, 

Ti,/ = 0.9389 X wij. 
And since the specific cohesion (a*) is related to surface tension, through 
the density, by the equation a\ — 271/9.80 dt, we have, substituting 
for y, its value in terms of w, 

<h.t — 2 X 0.9389 X Wu/9.80 du = 0.1916 X wu/dij, 
so that from the drop weight and the density we can also calculate the 
value of the specific cohesion for any liquid, at any temperature. 

1 See Morgan, THIS JOURNAL, 37, 1462 (1915). 

Ci.evsi.and

