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In the former paper,(1) the writer proposed -a viscosity formula for 

physical binary mixtures of the form:

where η, α, k with suffixes 1 agd 2 signify the viscosities, the association

degrees and the field-constants of components 1 and 2 respectively; zm a 

formal molar fraction of component 2. The present paper is a continua-
tion of it. 

The relation between k and molecular structure. The application of 
the formula to the hitherto published data in the literature having been 

Table 1.

Linebarger, Z. physik. Chem., 20 (1896), 131. 

Krchma & Williams, J. Am. Chem. Soc., 49 (1927), 2408. 

Williams & Ogg J.-Am. Chem. Soc., 50 (1928), 94. 

Rappenecker, "Landolt-Tabellen," recalculated by taking N=2.705•~1019. 

Ishikawa, As yet unpublished paper "Refractivity of binary mixture and its relation 

to molecular size of components."

(1) This Bulletin, 4 (1929), 5.
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made with satisfactory results, the field constant k proves to be, as is 

expected, a particular constant for a particular liquid. 

Now, in order to find whether or no there exists any relation between 

k and molecular structure, we calculate the relative values of k by put-

ting that of C6H6 as unity. The values thus obtained are collected in the 

following table. It also shows the molecular diameter a and dielectric 

constant D (ƒÉ=•‡). Comparing k with these two values we find an inter-

esting relation: k of homologous liquids is proportional to the product

D・ σ as recognized from Table 2.

Table 2.

Extension to gaseous mixtures. The author's formula is transformed 

into

As we have a1=a2=1 for a gaseous mixture,

Putting k2/k1=K, it becomes,

……(Ⅰ)

Thiesen(1) proposed the following viscosity formula for a gaseous 

mixture:

(1) Thiesen, Verh. d.D. phys. Ges., 4 (1902), 357.
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In which a11, a12, a22, a21 are empirical constants as defined by him "Diffu-

sions-konstante," and zv a volume fraction of component 2. 

Now that the equality of molecular volumes of all the gases is uni-
vesally acceptable, the above formula can be rewritten as follows:

……(Ⅱ)

Comparing (Ⅰ) and(Ⅱ)we see that if B=1/
A holds good in (Ⅱ) they are

quite equivalent. 

That Thiesen's formula gives more concordant values with experi-
ments than those of Puluj's and of Sutherland's has been verified suc-
cessively by Kleint,(1) Tanzler(2) and Gille,(3) from whose results we can 

examine in what pairs the equality of A to B holds. 
Table 3.

(1) Kleint, Verh. d. D. phys. Ges., 7 (1906), 146. 
(2) TAnzler, Verh. d. D. phys. Ges., 8 (1906), 222. 
(3) Gille, Ann. Phys., 48 (1915), 836.
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As seen from the above table, that equality B=1/A, i.e.,
a12=a22, a21=a11

is not satisfied except in the cases O2-N2 and He-H2. 

The value B:1/A seems to be apparently independent of temperature; its 
deviation from unity is the more distinct, the more difference there is 
in the molecular velocities of the components. 

From this and the foregoing results we conclude that the diffusion 
effect of molecules which makes a great role in a gaseous mixture can 
be left out of consideration in a liquid mixture. 

Application of the formula to any binary mixture accompanied with 
a chemical change. As stated before, the viscosity of a chemically in-

different (or physical) binary mixture can completely be expressible by

But when a ehemieal reaetiog takes place in admixture, the viscosity η

is no more identical to that calculated by the above formula. The devia-

tiog δ=η-η0 which we call hereafter "solvation viscosity," here η0

being the calculated value assuming there no chemical change on mixing, 

may depend entirely upon the mutual molecular reaction between the 

two constituents. 

If a part of component 1 and a part of component 2, at zm- concentra-

tion of component 2, enter into a reaction, which occurs among ƒË1 mole-

cules of the former and ƒË2 molecules of the latter to form a molecular 

compound or aggregate, then the solvation viscosity may be assumed to be

in which C is a proportional constant. 

For test of the postulation, three cases CH3COOH-H2O, CH3OH-H2O, 

and C2H5OH-H2O have been taken, the calculated results being recorded 

in the last column of each table of the following.
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Table 4.

H2O-CH3COOH, 25℃ (Noack).(1)

The constancy of δ/zm
(1-zm) holds strictly at all concentrations, and

hence a molecular compound or hydrate CH3COOH• H2O exists evidently 

in solution.

Table.5.

H2O-CH3OH, 25℃ (Dunstan).(2)

(1) K. Noack, "Landolt-Tabellen." (2) A
. E. Dunstan, J. Chem. Soc., 85 (1904), 817;
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Table 5. (Continued.)

For the range studied δ
/zm(1-zm)2 keeps to be constant. The fact

shows that a hydrate CH3OH・2H2O exists in solution.

Table 6.

H2O-C2H5OH, 25℃ (Dugstag).(1)

(1) A. E. Dunstan, & F.B. Thole, J. Chem. Soc., 95 (1909), 1556.
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Table 6. (Continued.)

The nstancy of 
δ/zm(1-zm)3 holds for the range zm=0.1～0.4, and

for higher concegtrations 
δ/zm(1-zm)2 keeps to be constant.

This suggests that a hydrate C2H5OH•E3H2O exists in solution up to 40 

mol. % of C2H5OH, and a hydrate C2H5OH• 2H2O exists at higher con-

centrations than 40mol. % of C2H5OH. 
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