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1. Specific Fluidity of Liquid Carbon dioxide. P. Phillips(2) deter-

mined the viscosity of carbon dioxide at several temperatures under high 

pressures. Calculating the specific fluidity ƒÓ1 from his data and plotting it 

against the specific surface V12/3, every point falls almost on a straight line as 

will be seen from Fig. 1. In the table below, the observed values of specific 

fluidity are compared with those calculated from the equation(3)

……(1).

where K1=3060, B1=0.669.

(2) P. Phillips, Proc. Roy. Soc., (A), 87, (1912), 48. 
(3) Cf. Part II of this paper, this journal, 2 (1927), 161.
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TABLE 1.

Liquid Carbon dioxide.

Fig. 1: -Volume Relation for Liquid 

Carbon dioxide,

Fig. 2: -Orthobaric Specific. Flaidity of 

Liquid Carbon dioxide.
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The specific fluidity for orthobaric volum(1) was found from equation 
(1) and, plotting it against the temperature, a full curve shown in Fig. 2
was obtained. The two observed(at 20°and 30°)and one estimated value

(at critical point 31.°35)of Y. Phillips, shown by circles, fall almost on the

curve.

The viscosity of carbon dioxide under orthobaric state were early 

determined by Warburg and v. Babo.(2) Using their data, we have the 

dotted lines shown in Figs. 1 and 2. A remarkable discrepancy between the 

observed values of respective authors may probably be due to difference of 

specimen employed. 

2. Comparison of Volume and Temperature Relations of Molecular 

Fluidity. In part II(3) of this paper we obtained as a relation between

molecular volume V and molecular fluidity φ:

……(2).

where K and B are constants, and as its relation to temperature T:

(3}.

wcre φk and Tk are critical and C an airbitrary constant. The same form of

relations hold also with specific fluidity.

(A).Putting φ=0 in equation (3), we have the temperature ts, where

viscosity becomes infinity. This temperature t, is found to be very near the 
freezing point tF for many substances except a few. (see Table 2, column 2 
and 3). Exact agreement between calculated and observed freezing point 
can not be expected, since ts is to be a solidifying temperature of a substance, 
regarding it as quite isotropic.

(B). Ts is almost equal to
 7

/20
 of the critical temperature Tk, both being

measured in absolute scale. (see Table 2, column 4). 

(C). The term B in equation (2) represents the molecular volume when 
viscosity becomes infinity. Therefore, this should be the molecular volume 
Vs at the temperature ts. In order to compute the density at the temperature 
to the rule of Cailletet and Mathias modified by S. Young(4) was used. The 
agreement between B and Vs is very satisfactory, the difference being all far
less than 1%,as will be seen from the columns 5 and 6 in Table 2.

(D).The critical value of molecular fiuidity φkT in equation(3)is

coiupared withφkυfound from equation(2)by putting critical volume in it.

(sec'table 2, columns 7 and 8).The agreement between two sorts of yak is

(1) Amagat, Compt. rend., 114 (1892) 1093-
(2) Warburg & v. Babo, Wied. Ann., 17 (1882), 390. 
(3) loc. cit. 
(4) S. Young, Sci. Proc. Roy. Dublin Soc., 12 (1903-1910), 374.
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satisfactory, if it be taken into account that the magnitude of these quantities 

is remarkably effected by a slight change in the values of other constants.

TABLE 2.

Note: -Numbers in brackets represent the quantities referred to one grain, 

(E) Tie comparison of the two sorts of relations, (2) and (3), was done 
over a wide range of temperature. The result for ethyl ether is given in

Fig. 3, as an example, where the 

following numerical equations(1) al-

ready obtained have been used.

……(4) .

……(5)
,

Equation (4) is given in full line and 
equation (5) in dotted. The agree-
ment between the two is generally good, 

except near the critical tempereture. 

In this region errors of calculation be-

comes very large, since the term

Fig. 3: -Comparison of Volume and Tem-

perature Relations with Ethyl ether.

(Tk-T)2/5 in equation (3) becomes very
small and volume in equation (2) 
changes rapidly.

(1) Part II. of this paper cited above.
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3. Relation between Orthobaric Volume and Temperature. At low 
temperatures the orthonaric volume of liquid increases slowly with rise of 
temperature, but at higher temperatures the rate of increase becomes greater. 
For the purpose of calculation an algebraic expression is usually employed, 
the number of terms increasing with the range of temperature.
Eliminating the term of molecular Huidity ψ from the two equations (2)

and (3) cited above, we have

……(6).

where V is molecular volume and A a constant.(1) 

Similarly, for specific volume V1:

……(7).

TABLE 3. 

Chlorobenzene.

(1) A=C/K and A1=C1/K1.
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These relations were 

found to hold with good 

accuracy over a wide range 

of temperature, except near 

the critical point. As an 

example, the result for chloro-

benzene is given in Fig. 4 

and Table 3. For calculation 

the following numerical 

equation was used.

Fig. 4: -Rule (6) for Chlorobenzene.

It will be seen from the above table, that the agreement between 

observed and calculated values is very good up to near the critical tempera-

ture, where a deviation of about 1 to 3% appears. If suitable correction 

terms be added, the relation would give a very satisfactory result. This 

relation suggests the means of calculating the density of liquid and vapour 

respectively, if it be employed together with the rule of Cailletet and Mathias 

expressing the sum of two density as a function of temperature.

Summary. 

1. The volume relation of molecular or specific fluidity holds good 

even when the viscosity changes remarkably with pressure. 

2. The volume and temperature relations give results which agree well 

with each other in all respects. 

3. From the two sorts of relations concerning the viscosity, the follow-

ing equation was obtained,

which was found to hold with good accuracy. 

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

Prof. M. Katayama for his kind guidance. 
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