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There have been proposed many viscosity formulas for a physical mix-

ture of two constituents:

Ⅰ. logη=(1-zv)logη1+zvlogη2 (logarithmic formula),

Ⅱ. η=(1-zy)η1+zvη2 (viscosity formula),

Ⅲ. (mobility or fluidity formula),

in which η1, η2 and η are viscosity coefficients of components 1, 2 and their

mixture respectively; zv a volume fraction of component 2.
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Lees(1) deduced them theoretically, but discarded them because he found 
a more suitable expression:

Ⅳ.

where n is an empirically determinate constant, varying for the most part 
between 2 and 5. 

Kendall,(2) taking a molar fraction zm in place of volume fraction zv,

gave a modified formula of Ⅰ:

Ⅴ. logη=(1-zm)logη1+zmlo9η2.

He abandoned it,(3) however, four years later and again proposed a well 
known formula:

Ⅵ.

Viscosity of a gas increases with rise of temperature, whilst that 
of a liquid decreases. This fact suggests that both depend alike on 
the molecular motion, but there must be some different points between 
them. 

The kinetic theory of gases postulates that a molecular motion of 
gases is non-restrictive. Such consideration, however, may not be appli-
cable to a molecule of liquids, whose molecular distance or a mean free 
path having been estimated by some investigators to be equivalent to or 
less than a diameter of a molecule. We consider, then, that a liquid 
molecule moves unfreely in an attraction field, i.e., its motion is restricted 
or bound by others. 

Now we may allow the following two assumptions as to liquid 
molecules: 

Assumption A. An associated molecule is a fast combined molecule, 
a single molecule in which is quite different in any property from a 
singly existing molecule and is regarded to be a constituent as if it were 
of a chemical compound molecule. 

Assumption B. An associated molecule is a group of single molecules 
which have the self-same dimension with singly existing molecules and 
the difference between them is no other than the abrupt greatness of 
the cohesion force of the former in comparison with that of the latter. 

Let us denote the association degrees and numbers of formal mole-
cules of chemically indifferent two liquids by a1, a2, n1 and n2 respec-

(1) Lees, Phil. Mag., [Ⅵ] 1 (1901), 128.

(2) Kendall, Meddelanden f. K. Velensk. Nobelinstitute, 2 (1913), 23. 
(3) Kendall, J. Am. Chem. 'Soc., 39 (1917),1790; ibid. 42 (1920), 1776.
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tively. Then the numbers of molecules can be expressed by
 n1/

a1
 and

 n2/

a2

according to assumption A; and n1 and n2 according to assumption B. 
Since an associated molecule in the former case is counted only one 

just as a singly existing molecule, we are reduced to assume, in general, 
n kinds of molecular sizes in place of regarding no attraction field, in 
other words, for one component of a binary mixture we must consider 
a mixture of n kinds of ideal gases and the treatment becomes very 
complicate in consequence. 

The suitability of assumption B has been justified in the writer's 
as yet unpublished paper "Refractivity of a binary mixture and its rela-
tions to the molecular size of components." In our present study we 
will also adopt it. 

If we consider the viscosity of a binary liquid mixture to be com-

posed of the constituent viscosities, the partition of each component may 
be assumed to be proportional to (i) the number of molecules and (ii) 
the mean intensity of attraction field, which, according to assumption B, 
is proportional to the association degree. In short, the viscosity shares 
of components are, respectively, expressed by k1 a1 n1 and k2 a2 n2, in 
which k1 and k2 are the characteristic "field-constants" of components 
1 and 2-the constants which depend probably on the kind, form and 
size of constituent molecules. 

Let us call such viscosity share "effective number of molecules" 
and denote by z'm "effective molar fraction" of component 2, then we 
have

where zm is a formal molar fraction of component 2. 

If a mixture is chemically non-reactive, it readily follows:

or

Case Ⅰ. k1=k2

The assumption can only be allowed for homologous successive two 

liquids. In such cases,
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Special case: If a1=a2,

η=η1+(η2-η1)zm,

or the viscosity of such a mixture is additive with respect to formal 

molar fraction.

Case Ⅱ k1•‚k2

This contains all the cases where two liquids are chemically indif-
ferent. For the verification of the formula, I have consulted as much 

published data as seen in the literature. 
The association degrees are all quoted from the writer's recent paper, 

"A theory of binary mi
xtures and its application to calculating the as-

sociation degrees of liquids," Sexagint, Y. Osaka, Chem. Inst. Dept. 
Science, Kyoto Imp. Univ. (1927), 103-41.

The validity of the formula will readily be understood from the

constancy of
 k2a2/

k1a1
 in each table, which also shows the values calculated

from Kendall's formula:

The sufficient condition that any one of
 kB/

kA, 

kC/

kB
 and

 kA/

kC,
 which are

obtained separately from three pairs A-B, B-C and C-A, must be quite 

equivalent to that calculated from the other two is also realized as seen 
from the notes of tables 5 and 9.

Table 1.

CH3COOCH3-CH3COOC2H5, 25℃. (Chadwell).(1)

(1) H.M. Chadwell, J. Am. Chem. Soc., 48 (1926), 1918.
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Table 2.

C2H5OH-CH3OH, 25℃. (Herz).(1)

Table 3.

C2H5OH-n-C3H7OH, 25℃. (Parks & Schwenck).(2)

(1) W. Herz, X anorg. allg. Chem., 104 (1918), 47. 
(2) G.S. Parka & J.R. Schwenck, J. Phys. Chem., 28 (1924), 720.
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Table 4.

CH3OH-HCONH2, 25℃. (Merry & Turner).(1)

Table 5.

C2H5OH-HCONH2, 25℃. (Merry & Turlier).(2)

(1) E.W. Merry & W.E.S. Turner, J. Chem. Soc., 105 (1914), 748. 
(2) Loc. cit.
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From tables 4 and 5, we have

which is exactly coincident with the corresponding value  k2/

k1
=1.06 in

table 2.

Table 6.

H2O-HCONH2, 25℃. (Merry & Turner).(1)

Table 7.

C6H5CH3-C6H6,25℃.(Linebarger).(2)

(1) Loc. cit. 
(2) C.E. Linebarger, Am. J. Sci., 4 (1896), 331.
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Table 8.

C6H5Br-C6H5CH3, 20℃. (Yajnik & coworkers).(1)

taking the densities of C6H5Br and C6H5CH3 to be 1.495 and 0.867 respec-
tively (from Landolt, "Tabellen").

Table 9.

C6H5Br-C6H6, 18.2℃. (Yajnik & coworkers).(2)

(1) N.A. Yajnik, M.D. Bhalla, R.C. Talwar, & M.A. Soofi, Z. physik. Chem., 118 (1925), 
305. 

(2) Loc. cit.
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The densities of C6H5Br and C6H6 are quoted from Landolt, "Tabellen." 

From tables 8 and 9, we get:

This is concordant with the corresponding value  k2/

k1
=0.81 in table 7.

Table 10.

C6H6-CH3COOC2H5, 25℃. (Dunstan).(1)

Table 11.

C2H5OH-CS2, 25℃. (Dullstan).(2)

(1) A.E. Dunstan, J. Chem. Soc., 85 (1904), 817. 
(2) Loc. cit.
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Table 12.

CS2-C6H6, 25℃. (Linebarger).(1)

Table 13.

C6H6-CCl4. 60℃. (Thorpe & Rodger).(2)

(1) C.E. Linebarger, Am. J. Sci., 4 (1896), 331. 
(2) T.E. Thorpe & J.W. Rodger, J. Chem. Soc., 71 (1897), 360.
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Table 14.

CHCl3-CCl4, 25℃. (Linebarger).(1)

Table 15.

CH3COOC2H5-CH3COOH, 25℃. (Kendall & Brakeley).(2)

The Institute of Physical and Chemical Research, Tokyo.

(1) Loc. cit. 
(2) J. Kendall & E. Brakeley, J. Am. Chem. Soc., 43 (1921), 1826.


