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In the preceding papers(1) it has been shown that the relation between

the molecular且uidity φ defined as the reciprocal of the product of viscosity

η and moleeular distance v1/3, and molecular volume V or temperature T

can be expressed by the 'following simple equations;

…(1)

…(2)

where K, B and C are arbitrary constants, and φK the value of φ at the

critical temperature TK.

Eliminating φ from equations (1) and (2) the relation:

(1)Part Ⅰ, this Bulletin, 2 (1927), 95; Ⅱ, ibid, 161; Ⅲ, ibid, 196; Ⅳ, ibid, 225.
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…(3)

is obtained, where VK is the critical molecular volume and A is a constant 

related with the constants K and C by the equation:

…(4)

These relations were tested by comparing calculated values with known 

standard data and the agreement was good for many substances over a wide 

range of temperatures extending from 0•Ž. to far above their boiling points. 

Recently several reliable data(1) have been added as regards the vis-

cosities and densities of ethyl ether and acetone at low temperatures. The 

writer is highly indebted to the observers for enabling us to test the above 

relations also at remarkably low temperatures from 0•Ž. down to the freez-

ing points.

As will be seen from Figs. 1 and 2, the molecular fluidity ƒÓ of ethyl 

ether and acetone, calculated from the experimental data and plotted 

against the molecular surface V2/3 or the quantity (TK-T)1/5, gives straight 
lines except very near the freezing points.

In the ease of acetone. the curve of (φ ～V2/3) in Fig. 1 falls in two

straight lines, respectively referred to the data of Mitsukuri and Tono-

mura(2) below 0•Ž. and those of Thorpe and Rodger above it. This is not 

the case for the temperature relation in Fig. 2, where only one straight line 

has been obtained. The data of Archibald and Ure deviate from those of 

the other authors and give slightly curved lines. Such discrepancies may 

presumably due to the difference of the specimen employed, as is to be seen

from the following comparison of density and viscosity of acetone at O℃.

observed by respective author.

Density and viscosity of acetone at O℃.

(1) Mitsukuri and Tonomura, J. Chem. Soc. Japan, 48 (1927), 334; Proc. Imp Acad. J
apan, 3 (1927) 155. Archibald and Ure, J. Chem. Soc., 125 (1924), 726; ibid, 128 

(1927), 610. Taylor and Smith, J. Am. Chem. Soc., 44 (1922), 2456. Felsing and D
urban, ibid, 48 (1926), 2885. 

(2) Mitsukuri and Tonomura have also determined the viscosity of methyl alcohol at low 
temperatures. For this substance the relations (1) and (2) fail as in the case of ethyl 
alcohol already pointed out in part ‡U. (loc. cit.)
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In tables 1 and 2, φV gives the molecular fluidity calcuiated by equation

(1)and φT those obtained by equation(2). These values are oompared with

the experimental data φobs.

Table 1. 

Ethyl ether.

**These numerical equations have already been obtained from Heydweiller's data

between 0°and 100℃. in part Ⅱ.(loc. cit.)
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Table 1. (Continued.)

φobs:0°-100℃., Heydweiller; *Archibald and Ure; the others, Mitsukuri

and Tonomura.

Table `2. Acetone.

…Below 0℃.

…Above 0℃.

**Galitzine (1890), Landolt-Bornstein-Roth Tabellen, 5 Aufl.
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Table 2. (Continued.)

φobs: 0°-50℃., Thorpe and Rodger;*. Archibald and Ure; the others,

Mitsukuri and Tonomura.

In both cases calculated and observed values stand generally very close 

to each other except near the freezing points, where calculated values 

become too small compared with those observed. In this region of tem-

Table 3.
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peratures the ratio of the molecular free area (V2/3-B2/3) to the total surface 

V2/3 becomes very small, as is shown in table 3, so that a slight change in 

the values of B has a great effect on the magnitude of molecular fluidity. 

As B is an effective volume of molecules and can hardly be absolutely con-

stant under such a condensed state, it seems rather natural that the devia-

tions from equations (1) and (2) are almost parallel to each other, if it be 

regarded to have been caused•Eby the change of B.

Table 4. Ethyl ether.

Densities above 0℃. refer to S. Young and below it Taylor and Smith.
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This suggests that equation (3), obtained by eliminating the term φ

from equations (1) and (2), would accurately hold even at very low tempera-
tures, and this is really the case as is seen in tables 4 and 5. 

At first, the proportionality constant A has been computed from K and 
C by equation (4) and the constant VK was then chosen so as to obtain the 
best agreement with experimental data.

Table 5. Acetone.

The agreement between calculated and observed values is very good 

even down to the freezing points, except that very near the critical tem.. 

peratures a deviation of about 1 to 55% appears. 

In part IV of this paper, it has been shown that B is an additive con-

stant and K, B, C and ƒÓK in equations (1) and (2) take universal values 

when they are expressed in reduced form. Since such calculations have 

been already given for ethyl ether, only the result for acetone is shown in 

the following:

Bobs.=62.3～61.9 Bcalc.=61.8.



75

The mean values obtained as the average for many substances are 

shown in parentheses. From the above result it may be concluded that the 
reduced equations cited in Part IV would also hold fairly good for acetone 

without any change. 

In conclusion, the author wishes to express his cordial thanks to Prof. 
M. Katayama for his kind guidance. 

The Institute of Physical and Chemical Research, 
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