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Introduction. It is a well-known phenomenon that a liquid shows 
critical opalescence at its critical state. Two component system also shows 

this phenomenon and there are numerous investigations(1) on this problem. 

The author has studied colloid-chemically on the three component system of 

organic solvents(2). The optical method seems to be superior, but from the 
standpoint of colloid chemistry, the viscometric method is one of the most 

usefull methods for studying the liquid of colloidal nature. In this paper the 

viscosity of three component system is measured at its critical state and some 
discussions concerning the colloidal properties of critical mixture are described. 

Experimental. The three component system benzene-ethanol-water has 
been studied by the author and reported in a previous paper (2). This system 
is the most familiar and the materials are easily

purified. Recently the viscosity of this system was 
measured by Pestemer(31, but he paid no attention 

to the colloidal nature at the critical state. This 
system shows critical opalescence at a certain tem-

perature and composition, and when the temperature 
is raised, the intensity of opalescence becomes weak 
by and by, and at last the opalescence disappears 

and the total system becomes homogeneous. It must 

be noticed that this state which shows critical opal-
escence is very stable and does not change for long 

time if the temperature is maintained constant. The 

viscosity has been measured following this stadium 
at various temperatures. The apparatus used is a

modified type of Ostwald viscosimeter, which is 

shown in Fig. 1.

Even a slight vaporisation of a component affects the state of the system 

markedly, so that after pouring the liquid in viscosimeter the inlet tube is

(1) J. Friedlander, Z. physik. Chem., 38 (1901), 435. V. Rothmund, Z. physik. Chem., 
63 (1908), 54. Wo. Ostwald, Ann. Phys., (4), 36 (1911), 848. 

(2) N. Sata and O. Kimura, this Bulletin, 10 (1935), 409. 
(3) M. Pestemer, Kolloid-Z., 65 (1933), 25.
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sealed. The total apparatus is dipped in a thermostat, the temperature of 
which is changeable. To measure the viscosity the apparatus is rotated in 

left hand, C being the axis of rotation, so that the liquid in B fills the bulb A . 
Then it is again rotated reversely and the apparatus is fixed vertical . The 
transpiration time of liquid between two marks is measured by a stopwatch . 
On the other hand the density of the liquid is measured by Ostwald pycno-

meter and the viscosity is calculated. The viscosity was measured on five 

series of different compositions, of which three systems showed critical 

opalescence, and the other two did not. The compositions of these five 

systems are shown in Table 1, and graphically in Fig. 2. The temperature is 

varied from homogeneous domain to the critical point.

Table 1. Compositions of Five 

 Systems in Volume Percent.

Fig. 2.

Results and Discussion. The experimental results are shown graphically 

in Fig. 3. It is seen that the viscosity-temperature curve has a gentle slope 
in homogeneous region and a steep one in the region which shows opalescence. 
This sudden increase of viscosity in critical region was pointed out by Fried-
lander and Rothmund, but the reason of this increase was not discussed. It 
may be easily supposed that this sudden increase of viscosity is caused by the 

existence of colloidal particles which are the small droplets of benzene covered 
with thin film of alcohol, as was reported in the previous paper. Moreover 
this conception is confirmed by the experimental data that the viscosity-
temperature curve of the system which shows no opalescence (i.e. there is no 
colloidal region) has gentle slope, while that of the system which shows 
opalescence is very steep in colloidal region. To show this more quantitatively 

some considerations have been made.
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Concerning viscosity-temperature relation, there are numerous formulas 

theoretical and empirical. Among these Andrade's formula(4) is an excellent

Fig. 3.

one because it is very simple and contains only two constants and furthermore 

it is applicable to wide range of temperature and many substances. The 

formula is as follows :

where A and b are constants, and T is the absolute temperature. 

The formula was applied to the homogeneous region determining the two 

constants by means of the least square. The formula is highly applicable to 

the homogeneous region within the deviation of 0.5% . But when it is extra-

polated in the colloidal region, the deviation from calculated values is remark-
able and the nearer the critical point the greater the deviations. To the system 

which shows no opalescence it is applicable up to the critical point. This 

deviation is, as already explained due to colloidal nature (i.e. emulsion) of the 

system. 

For the viscosity-concentration relation of emulsion Hatschek presented 

following formula :

(4) C. Andrade, Nature, 125 (1930), 309.
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where η is the viscosity of emulsion,ηm that of medium,φ the volume of

dispersed phase in unit volume of emulsion. This formula was verified 

experimentally by many investigators, and among those Sibree(5) has carefully 
measured the viscosity of emulsions and concluded that Hatschek's formula 
is applicable to many types of emulsion very satisfactorily if not strictly. If 

this formula can be applied to this case, the concentration of emulsion is cal-

Table 2. System 1.

(5) J. O. Sibree, Trans. Faraday Soc., 26 (1930), 104; 27 (1931), 161.
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Table 3. System 2.
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Table 5. System 4.

culated as follows. In the formula η is the visoosity of emulsion which is the

observed viscosity in this case, andηm is the viscosity of medium, which can

be calculated from Andrade's formula. Then we obtain
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Thus the values of φ were ealeulated for three systems which showed critical

opalescence. These values are illustrated in Table 2, 3, 4, 5, and 6. In the 
tables the 1st column is the temperature in centigrade, the 2nd the time of 
transpiration between two marks, the 3rd the density, the 4th the observed 
viscosity, in centipoise, the 5th the viscosity calculated by using Andrade's 
formula, the 6th the difference between observed and calculated viscosities, 
and the 7th the concentration calculated from Hatschek's formula. 

It is seen from the tables that the concentration of colloid particles which 
are supposed to be the droplets of benzene covered with thin film of alcohol is 
of the order of 0.0001 near the critical point and decreases as the temperature 
is raised. There may be some relations between the concentration and the 
intensity of opalescence, which also shows maximum at critical point and 
decreases as the temperature is raised. The experiment on this line is now 
in course. 

Summary. 

(1) The viscosity of the three component system benzene-ethanol-water 
was measured in the neighbourhood of critical point. 

(2) To the homogeneous region Andrade's formula is strictly applicable 
but not to the colloidal region. This deviation is caused by the existence of 
colloid particles. 

(3) The concentration of colloid particles was calculated by using 
Hatschek's formula, and it was of the order of 0.0001 near the critical point. 
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