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In part Ⅱ of this pnper we have obtnir4od the fbllowing equntiors

expressing the relations betweer the molocular fluidity ψ defired as

1/

η・V13 and molecular volume Vor tempernture T:

ψ=K(V2/3-B2/3)… …(1),

ψK-ψ=C(TK-T)15… …(2)

whore K and C are arbitrnry constarts and ψK, TK critical constants. As re-

gards the specific fluidity ψ1 referred to one gram, we have obtnired exactly

the same form of equatiors, which cortnin specific volume V1 and corstarts

K1 C1 and ψ1K instead of K, C aud ψK. In the present paper some proper-

ties of the constants in the above equations will be considered. 

First of all the constant B, an effective molecular volume, in equation 
(1) is of additive nature.(2) In the following table the observed values of B 
are compared with those calculated by adding respective elementary parts:-

C=6.9, H=5.1, 0=7.5, Cl=20.0, F=10.5, double linking=3.0, iso-
grouping=0. 

TABLE 1. Additivity of constant B.

(1) Part ‡T, this journal, 2 (1927), 95; ‡U, ibid., 161; ‡V, ibid., 196. (2) It 
was shown by Batschinski that the constant ƒÖ in his formula is also of additive nature. 

Z. physik. Chem., 84 (1913), 643.
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The constants K, C, B and ψK in equntions (1) and (2) have beer reduced

by using critical constants from the standpoint of corresponding states. 
The results are shown in Table 2 and 3. 

1). The constant B has a dimension of volume, so that it can be reduced 
by dividing it with the critical molecular volume Vk:-

2). From the form of equations (1) and (2) it will easilly be seen 
that the constants K and C can be reduced as follows:

whero TK represents the critical temperature and ψk the critical molecular

fluidity. 

3). The dimension of viscosity ƒÅ is equal to that of momentum divided 

by area and from the kinetic theory of gases the velocity v in the momentum

may be considered to be proportional to √T/m where T is absolute tempera-

ture and M the molecular weight so that: (1)

•c•c(3),

where V represents volume and R the gas constant. 

Using the above relation, the constants K and C may also be reduced as 

follows:

4). From equations (2) and (3) we obtain the following reduced form of
the corstnrt φK,

The reduced constants obtained above have actually been calculated for 

various substances and tabulated below together with the actual constants.

(1) This result has already been pointed out by K. Onnes, Comm. whys. Lab. Univ. Leiden, 2 
(1891).
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As the values of φK in kr and cr, those calculntod from equatiors (1) and (2)

have respectively been used. 

TABLE 2. Actual constants.

Note: Numbers in brackets represent quantities referred to one gram. 

TABLE 3. Reduced constants.
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It will be seen from the above table that the respective constant becomes 

independent of the nature of the substance when it is expressed in reduced 

value. 

Batschinski(1) also calculated the ratioƒÖ/V1K with various substances, 

where ƒÖ being the limiting volume in the rule proposed by him. This ratio 

should, according to him, as average be 0.307. Calculating the ratio with 

liquid carbon dioxide using the data actually measured by P. Phillips(2) 

near the critical point, it becomes 0.350. In the writer's case, using the same 

data, the ratio B1/V1K is 0.311, which is only 1% greater than the average value

0.308.(3) 
Reducing the respective quantities and constants in equations (1) and 

(2) by using the critical constants we have:

or for the sake of brevity,

ψr=kr(vr2/3-br2/3)… …(4),

1-ψr=cr(1-tr)1/5… …(5),

whero ψr, tr etc. represent reduced quartitios or corstants.

Using relation (3) stated above, equations (1) and (2) may also be reduced 
as follows:

or ψ'r=k'r(vr2/3-br2/3… …(6),

ψKr-ψr=c'r(1-tr)1/5… …(7),

where ψr, K'r etc. represent reduced quantities or constants which are differ。

ent from ψr, Kr etc.

(1) loc. cit. 

(2) P. Phillips, Proc. Roy. Soc., (A) 87 (1912), 48. 

(3) Cf. paragraph 2 part ‡U of this paper cited above.
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It has already been shown that the constants kr, k'r, Cr, c'r, and ƒÕ'Kr have 

universal values independent of the nature of the substance, so that above 

equations (4), (5), (6) and (7) may be considered to express the theory of cor-
responding states for molecular or specific fluidity.

Summary. 

1. The constant B, the effective molecular volume, is additive. 

2. The respective constant in the volume and temperature relations be-

comes independent of the nature of the substance when it is expressed in 

reduced form. 

3. From the volume and temperature relations of the molecular fluidity 

the reduced equations of the following form have been obtained.

In conclusion, the writer wishes to express his cordial thanks to Prof. 

M. Katayama for his kind guidance. 

July, 1927. The Institute of Physical and Chemical Research, 

Hongo, Tokyo.


