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Relation between Viscosity and Volume or Temperature. 

1. Definition of Molecular and Specific Fluidity. The coefficient of 

viscosity ƒÅ is defined by the formula:

where R is tangential resistance, dv/dz velocity gradient along the normal and 
A area. Therefore, it may also be defined as follows: we consider at first

Fig. 1.

an unit cube (Fig. 1.) filled with a viscous 
substance. The viscosity of the substance is 
measured by the tangential resistance R on the 
upper plane of the cube, when it moves with 
unit velocity in respect to the lower. 

In order to express the viscosity in a 
molecular term, Thorpe and Rodger(2 pro-
posed the molecular viscosity, which is defined

by the product ƒÅ. V2/3, V being molecular volume, so that the molecular 

viscosity after Thorpe and Rodger is equal to the resistance when the 

sliding surface contains equal number of molecules, i.e. when in Fig. 1. 

ab=be=V1/3 while bd=1. The conception of this quantity seems not to be 

adequate, since, although equal number of molecules are arranged for 

different substances along ab and be, it is not so in the direction bd. The 

expression ƒÅ. V2/3 may strictly be called molecular surface viscosity. The 

true molecular viscosity should be defined as follows: the molecular vis-

cosity is measured by the resistance when the same number of molecules are 

arranged also in the direction of normal bd, i.e. when ab=be=bd=V1/3 in 

Fig. 1. Putting ab=bc=bd=V11/3 where V1 is specific volume, specific vis-

cosity may similarly be defined.

(1) Part ‡T, This Journal, 2 (1927), 95. 

(2) Thorpe and Rodger, Phil. Trans., (A), 185 (1894), 397.
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As the term of molecular viscosity are already conventionally under-

stood in the sense of Thorpe and Rodger, the writer proposes to introduce 

the new proper definition for molecular and specific fluidity as the reci-

procal of the above two quantities.
The coefficient of fiuidity, degoted by φ, is the reciprocal of the co-

efficient of viscosity, so that it may be defined as the velocity v given to the 
upper plane referred to the lower (Fig. 1), by unit tangential force applied
to the upper plane. Consequently, molecular fluidity φ is measured by the

sliding velocity given by unit tangential force applied to a plane containing 

the same number of molecules for different substances, the velocity being 

referred to another fixed plane, the distance between the two planes also 

having the same number of molecules. In Fig. 1., when ab=bc=bd=V1/3, the

velocity v measures molecular fluidity φ. Specific fluidity φ1 is similarly

defined as the velocity v in Fig. 1. when ab=bc=bd=V11/3.

These two quantities can be calculated from the value of viscosity η or

fluidity φ and molecular V or specific volume V1 from the following rela-

tions:

… …(1)

… …(2)

2. Relatiog between Molecular Fluidity and Molecular Volume. As

the relation betweeg viscosity η and specific volume V1, Batschinski(1) put

forward the following experimental formula:

……(3)

where c and ω are constants. This relation seems to have little theoretical

lucidity, since viscosity in the left side is referred to unit cube, while specific 

volume in the right side being referred to one gram. 

We will consider the molecular fluidity defined above as regards its 

relation to the molecular volume. Suppose the upper plane of the cube in 

Fig. 1 is displaced in reference to the lower by the amount du during the
time dθ by unit tangential force applied to the upper plane. Then the dis-

placement du measures the amount of shear of the vertical side. Therefore 
it seems plausible to assume this displacement to be proportional to the free 

space in the plane cbd, i.e. the area of the plane decreased by the amount 

proportional to the section of molecules:

(1) Batsehinski, Z. physik. Chem., 84 (1913),643.
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du=K.(V2/3-B2/3).dθ.

where K and B are cogstagts. Dividing both sides with dθand takigg into

consideration that d

u/dθ is equal to molecular fluidity ψ, the above relation

becolges,

ψ=K.(V2/3-B2/3)… …(4)

The constant B is the limiting value of the molecular volume of liquid as 

its molecular fluidity approaches zero, and it is therefore called effective 

molecular volume. Calling the difference (V2/3-B2/3) the molecular free area , 
the above relation may be expressed as follows: the molecular fluidity varies 
directly as the molecular free area. 

Similarly, for the specific fluidity we obtain the following relation:

ψ1=K1.(V12/3-B12/3)… …(5)

were K1 and B1 are constants having similar meanings as K and B and 

being related with them by the equations:

K1=M.K,and B1=B/M.

Fig. 2.-The volume relation for organic liquids extended 
over boiling points.
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Fig. 3.-The volume relation for abnormal and inorganic liquids. 

where M being the molecular weight. The above two relations (4) and (5) 
will be called the volume relation.(1) This is graphically summarised in 
Figs. 2. and 3., the details of numerical data are given in later tables. The 
volume relation is found to be satisfied by many substances. The calculated 
values of molenular or specific fluidity seldom deviate from the observed 
values by more than one per cent. Few substances for which the agree-
ment is not good include alcohols, water and mercury, so long as being 
tested. 

Multiplying both sides of the equation (5) with V11/3 and inverting it, we 
have:

……(6)

Comparing this expression with that of Batschinski (3), we see that a con-

stant ω in the latter corresponds to a variable B12/3. V12/3 in the former (6).

(1) Although the definition of molecular or specific fluidity and their relation to volume need 
the data of density, this is not accompanied by introduction of a new unknown quantity, 
since the value of density is always necessary for the measurement of viscosity.
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The effect due to this difference in formula may not be large until a com-

parison is done over a wide temperature range up to the critical point, but 
in this case a remarkable difference would appear between the values 

calculated by each equation. 

3. Relation between Molecular Fluidity and Temperature. Viscosity 
,or fluidity is one of the properties which change most remarkably with tem-

perature, and as regards their variation with temperature, so many equations 
shave been proposed that one can hardly decide which one is to be preferred. 

If the volume relation obtained above be correct from the freezing point 

up to the critical, the molecular fluidity would approach zero at a certain 

low temperature, while near the critical it would increase very rapidly to a 

certain critical value. As one of the formula satisfying these conditions and 

containing constants as few as possible, the following relation is proposed:

log(ψK-ψ)=1/5log(TK-T)＋Const.

or

(ψK-ψ)=C.(TK-T)1/5… …(7)

where Tk is critical temperature, ƒÕk the value of molecular fluidity at this 

point, C a constant. Similarly, for the specific fluidity:

Fig. 4.-The temperature relation for organic liquids extended 
over boiling points.
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Fig. 5.-The temperature relation for abnormal and inorganic liquids.

(ψ1K-ψ1)=C1.(TK-T)1/5… …(8)

where respective quantities are each referred to one gram and-

C1=M1/3.C. ψ1K=M1/3.ψK.

M being the molecular weight. These relations will be called temperature 
relation. The temperature relation was found to be satisfied by many sub--
stances with a few exceptions (alcohols, water and mercury so long as being 
tested) as being shown graphically in Figs. 4. and 5. and numerically in, 
later tables. 
Notation:-t: Temperature in Celcius degree.
ψ: Molecular fluidity observed.

ψV: Molecular fuidity calculated from volume.

ψT: Molecular fluidity calculated from temperature.

Constants K, C etc. were determined graphically. Most of the necessary 

data were taken from the papers of S. Young,(1) Thorpe and Rodger,(2)

1) Density: S. Young, Sci. Proc. Roy. Dublin Soc., 12 (1909-1910), 374. 
2) Viscosity: Thorpe & Rodger, Phil. Trans., (A), 185 (1894), 397; ibid., 189 (1897), 71.
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A. Heydweiller(1) and the writer's own.(2) A few others were from the Tables 

of Landolt-Bornstein-Roth, 5 edition.

Normal Pentane.

Isopentane.

Normal Hexane.

Normal Heptane.

Normal Heptane.

Normal Octane.

Methyl-formate.

Ethyl-formate.

(1) Viscosity above boiling points: A. Heydweiller, Wied. Ann., 55 (1895), 561; ibid., 59 (1896), 
198. 

(2) Viscosity above boiling points: the writer, this paper part I. (loc. cit.)
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Ethyl-formate. 

(continued)

Propyl-forrnate.

Methyl-acetate.

Ethyl-acetate.

Ethyl-acetate. 

(continued)

Propyl-acetate.

Methyl-propionate.

Ethyl-propionate.
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Ethyl-propionate. 

(continued)

Methyl-butyrate.

Methyl-isobutyrate.

Ethyl-ether.

Ethyl-ether. 

(continued)

Carbon-tetrachloride.

Benzene.
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Benzene. 

(continued)

Fluorobenzene.

Chlorobeuzene.

For the following substances quantities are all referred to one gram and 

this is meant by the index 1 under the symbol.

Acetic acid. Bromine.
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Nitrogen peroxide. Molten Tin.

?: Extrapolated from the other 

temperatures.

From above results, it may be concluded that equations (4), (7), etc.

cxpressing the relations among molecular fluidity (1/η.V1/3), molecular volume

and absolute temperature hold good for most substances except a few which 

include alcohols, water and mercury. 

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

M. Katayama for his kind guidance. 

April, 1927. 

The Institute of Physical. and Chemical Research, 

Hongo, Tokyo.


