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In an earlier paper,(1) the writer reduced Dunstan and Wilson's equation 

connecting logarithms of the absolute viscosity and the molecular weight 
into a form:

logη=-3.22+bM

(whereη and M are the viscosity coefficient and the molecular weight of a

liquid, and b is a particular constant for the particular liquid, depending 
upon the temperature) and showed that the values of b and the field-con-
stant k are practically the same when both are compared with those for 
benzene. 

Other formulas showing the relation between the viscosity coefficient 
and the molecular weight have been proposed by, Gartenmeister(1) and 
Macleod.(3) 

Gartenmeister deduced the following relation from his careful deter-
minations of the absolute viscosity of various liquids:

η=kGM,……(1)
where kG is a particular constant within the observed temperature range 
for chlorine, bromine and iodine substitution compounds. 

For those which do not obey the rule such as homologous series in 
which successive members differ by CH2, he took M2 in place of M, but 
the constancy of their proportional constants are not satisfactory. 

Macleod, having drawn attention to the fact that the relation between 
the viscosity of liquids and their coefficients of expansions and densities 
can be explained on the assumption that the viscosity is a simple function 
of the free space within the liquid, proposed the expression:

ηtxtA=C,

(1) This Bulletin, 4 (1929), 149. 
(2) R. Gartenmeister, Z. physik. Chem., 6 (1890), 624. 
(3) D. B. Macleod, Trans. Faraday Soc., 19 (1923), 6; 21 (1925), 145 and 151.
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where ηt is the viscosity at a temperature t, xt the free space at that tem-

perature, C is a constant for the particular liquid, and A is approximately 
unity for unassociated substances. In this calculation he assumed that the 
expansion is wholly confined to the free space and the volume of the mole-

cules remains constant, and put

xt=x0+υt/υ0-1,

in which x0 is the free space at 0°; υt and υ0 are the specific volumes at to

and 0° respectively.

Macleod further observed that by putting A as unity (which causes no 
serious error in finding xo for normal liquids) C is proportional to the 
molecular weight. He applied this method of calculation to any liquid, in 
this case, however, the discrepancy of the proportional constant from the 
value obtained for such a normal liquid as octane he attributed to the mole-

cular complexity of the liquid and put forward the expression:

•c•c(2)

where α is the degree of association and kM is a constant for all liquids.

Comparing the equal terms in expressions (1) and (2), we get

kGx=kMα

With the object of testing which of the values kG or kG x gives more

constancy, the present writer will make use of the values at 0℃. tabulated

by Macleod in his paper-(1)

Table 1.

(1) D. B. Macleod, Trans. Faraday Soc.,'21 (1925), 154-155



A Viscosity Formula for Binary Mixtures, 119

Table 1. -(Continued)
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Table 1. -(Continued)

It is easily understood from the aboye table that Gartenmeister's ex-
ceptional cases, to which homologous series such as alcohols and acids

belong, are sufficiently expressed by the formula η=KM, K being corrected

for Macleod's; free space and that for some substitution compounds such as 
formates and ketones more constancy of the values of the proportional con-
stants is obtained by Gartenmeister's formula than by Macleod's. In short, 
it being difficult to justify which is the superior of the two so far as the 

present data are concerned, it seems highly probable, in accordance with the 
physical meaning that the viscosity is due to a transport of momentum, (i)
that the viscosity η is proportional to the moleculr w'ight M and(ii)that

the proportional constant K in the expression η=KM is a particular con-

stant which plays a very important part.

Brillouin,(1) who made a success to interpret the negative temperature 
coefficient of viscosity of liquids from a theoretical standpoint of view, 
assumed that in liquids where the molecules are continually in collision and 
where the transfer of matter (diffusion) is ordinarily insignificant, when a 
molecule strikes all of the molecules in the vicinity are shaken and an elastic 
wave is found which is propagated through the medium, or, in other words, 
the molecules of liquids are never free and always under strong forces. 

This intensity of attraction field must of course be taken into considera-
tion in studying the viscosity of liquids. If the viscosity of a . liquid is 
stoichiometrically related with the molecular weight as in the expression :

η=KM

(1) L. Brillouin, J. phys. radium [6] 3 (1922), 326 and 362.
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the factor depending on the intensity of attraction field may be included in 

no other than the constant K. 

According to Macleod's idea the constant K depends on the free space 
and the relative value K of a liquid to K of octane is simply equal to the 

degree of association of the liquid. for which. however as stated above, his
deduction formula η x=const. (x being the free space) does not hold true.

For a further test the comparison among the particular constants at

OｰC.(relative to those for benzene) calculated from the three formulas of

Dunstan and Wilson, of Gartenmeister and of Macleod will be made in the 
following.

Table 2.

Though a quite satisfactory coincidence among the constants nay not 

be hoped for, yet it is probable that they are the equivalent quantities with 

one another and are consequently the corresponding factors with the writer's 
field-constant k.(1) Similar consideration as above shown, if it extends to 

binary mixtures, accords with the writer's theory.(2) 
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(1) This Bulletin, 4 (1929), 149. 
(2) This Rulletin, 4 (1929), 5.


