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The writer has derived in his foregoing paper(1) the following relation 

between orthobaric densities,

ψ=RTln Vg/Vl=A(1/(Vl-E)-1/(Vg-E)… …(1)

where ƒÕ denotes the internal heat of vaporization of hypothetical infinitesi-

mal molecules, while A and E denote characteristic constants for individual 

substance, and Vl and Vg, the molecular volume of liquid and vapour 

respectively. There have been given 21 cases of actual calculations to 

prove validity of equation (1). In the present work 22more substances have 

been taken. Some of them which are provided with full data of orthobaric 

densities have been treated just in the same manner as before. For the others
, 

of which only vapour tension and liquid . density are given, the vapour density 

was calculated from vapour tension applying gas law below boiling point
, 

and for those substances whose vapour densities only are given in a certain 

range of temperature, liquid densities were estimated by Cailletet-Mathias' 

rule from the vapour densities and a few known data of liquid densities . 

The calculations have been done with following 22substance; carbon dio-

xide,(2) nitrous oxide, ammonia, sulphur dioxide, phosgene, n-pentane
, 

n-hexane, di-isopropyl, n-heptane, di-isobutyl, fluorobenzene, bromobenzene, 

iodobenzene, chloroform, carbon disulphide, methyl formate, methyl propio-

nate, methyl isobutylate, ethyl acetate, ethyl propionate, propyl acetate
, and 

acetone. In this paper, however, abridged data (3) are shown to save the 

space.

In the followirg tablos QM, Qz,.Dl and .Dg denote RT ln 5Vg/Vl,

A(1/Vl-E-1/Vg-E), and densities of liquid and vapour respectively.
(1) J. Chem. Soc. Japan, 47 (1928), 587; this journal, 1 (1926), 189. 
(2) By Cailletet-Mathias' data, while in the previous paper by those of Amagat. 
(3) Full data will be published in the Journal of the Chemical Society of Japan in Japanese.
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TABLE 1. Carbon dioxide.

Critical temperature =31.0℃,(1) A=35270, E=21.4.

(Cailletet and Mathias, J. Phys., (2) 5 (1886), 549). 
Parenthesis in the table show numbers computed by empirical equations given by the observers. 

TABLE 2. Nitrous oxide.

Crit. temp.=36.50℃,(2) A=56770, E=8.89.

(Cailletet and Mathias, ibid.) 
Parenthesis in the table show numbers computed by empirical equations given by the 

observers. 

TABLE 3. Ammonia.

Crit. temp.=132.90℃,(3) A=47490.E=9.98.

Numbers with asteriscs express the specific volume given by Osborne and Van Dusen(4); while 
the others are the densities obtained by Berthoud.(5)

(1) Cardoso and Bell. J. chim. phys., 10 (1912), 497; Landolt, "Tabellen," 5 ed., p. 258. 
(2) Cardoso and Arni, J. chim. phys., 10 (1912), 504; Landolt, "Tabellen," 5 ed., p. 262. 
(3) Cardoso and Giltay, J. chim. phys., 10 (1912), 514; Landolt, "Tabellen," 5 ed. p. 255. 
(4) Bur. Stannds Bull., 14 (1917), 414; "Tables Annuales," 5 (1925), 20. 
(5) J. chim. phys., 16 (1918), 429.
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TABLE 4. Sulphur dioxide.

Crit. temp.=157.150℃,(1) A=77740, E=19.54.

(Cailletet and Mathias, Compt. rend., 102 (1887),1563; Landolt, "Tabellen," 5 ed., p. 281.) 
Parenthesis denote the numbers obtained by interpolation. 

TABLE 5. Phosgene.

Crit. temp.=187℃,(2) A=116200, E=28.09.

(Patterno and Mazzuccuelli, Gazz. Chim., 50 (1920), 38; "Tables Annuales," 5 (1925), 20. 

TABLE 6. n-Pentane.

Crit. temp.=197.20℃, A=21690, E=53.62.

(Young, Sci.. Proc. Boy. Dublin Soc., 12 (1910), 374). 
Parenthesis denote the data calculated from vapour pressure.

(1) Cardoso and Bell, loc. cit.; Landolt, "Tabellen," 5 ed., p. 261. 
(2) Critical temperature mentioned here as well as those hereafter, if not otherwise described, 

are the data given by the observer of the densities.
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TABLE 7. n-Hexane.

Crit. temp.=23).80℃, A=276000, E=64.48.

(Young, ibid.) 
Parenthesis denote the numbers calculated from vapour pressure. 

TABLE 8. Di-isopropyl.

Crit.temp.=227.35C℃, A=264400, E=62.58.

(Young, ibid.) 
Parenthesis denote the numbers calculated from vapour pressure. 

TABLE 9. n-Heptane.

Crit. temp.=266.850℃, A=340500, E=75.90.

(Young, ibid.) 
Parenthesis denote the numbers calculated from vapour pressure.
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TABLE 10. Di-isobutyl.

Crit. temp.=276.80℃, A=381000, E=86.98.

(Young, ibid.) 

TABLE 11. Fluor. obenzene.

Crit. temp.=286.550℃, A=221600, E=46.87.

(Young, ibid.) 
Parenthesis denote the numbers calculated from vapour pressure. 

TABLE 12. Bromobenzene.

Crit. temp.=397℃, A=312100. E=55.73.

(Young ibid.) 
Parenthesis denote the numbers calculated from vapour pressure.
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TABLE 13. Iodobenzene.

Crit. temp.=4480℃, A=367100, E=5957.

(Young, ibid.) 
Parenthesis denote the numbers calculated from vapour pressure. 

TABLE 14. Chloroform.

Crit. temp.=260.0℃,(1) A=167800, E=40.60.

(D): From vapour pressures given by Drucker and Kangro, Z. physik. Chem., 90 (1915), 513. 
(R): From vapour pressures given by Rex, Z. physik. Chem., 55 (1906), 358. 
(T): Timmermanns, Sci. Proc. Roy. Dublin Soc., 13, 326; "Tables Annuales," 3 (1914), 10. 
(Ty): Tyrer, J. Chem. Soc., 99 (1911), 871. 
(H): Herz and Rathmann, Chem. Zt., 146, 1417; "Tables Annuales," 3 (1914), 10. 
(T. H.): Mean of the densities given by (T) and (H). 
(1): Interpolated from the data given in the above papers as well as the followings. Isnardi, 

Z. Physik, 9 (1922), 158; Faust, Z. physik. Chem., 79 (1912), 97; Dolezalek and Schulzee 
Z. physik. Chem., 83 (1913), 67; Flecker and Tyrer, J. Chem. Soc., 103 (1913), 52; Tyrer, J 
Chem. Soc., 104 (1914), 2534.

(1) Sajetschewsky, Kiewer. Univers. Unters., 1878, No. 4 & No. 8; Landolt, "Tabellen" 5 ed., p. 
257.
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TABLE 15. Carbon disulphide.

Crit. temp.=273.050℃,(1) A=149500, E=23.22

Densities of vapour were given by Battelli(2) for the whole range of temperature. Densities

of liquid have been estimated by Cailletet-Mnthias, rule. Densities of liquid from 0° to 35°

have been found from the following papers: Bugarsky, Z. physik. Chem., 71 (1910), 705; 
Dawson, J. Chem. Soc., 97 (1910), 1041; Tyrer, J. Chem. Soc., 97 (1910), 2620; De Leeuw, 
Dissert. Amsterdam, 1910, 22; "Tables Annuales," 1 (1912), 11.

TABLE 16. Methyl formate.

Crit. temp.=214.0℃, A=125200, E=28.21.

(Young, ibid.) 
Parenthesis denote the numbers calculated from vapour pressure.

(1) Battelli, Afem. Torino, (2) 42 (1891), 1; ibid., 41 (1890), 1; Landolt, "Tabellen," 5 ed., p. 281. 
(2) Ibid.
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TABLE 17. Methyl propionate.

℃rit. temp.=257.4℃, A=222400, E=47.99.

(Young, ibid.)

TABLE 18. Methyl i-butylate.

℃rit. temp.=267.55℃, A=270600, E=58.29.

(Young, ibid.)

TABLE 19. Ethyl acetate.

Crit. temp.=250.10℃, A=221300, E=49.40.

(Young ibid.) 
Parentesis denote the numbers calculated from vapour pressure.
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TABLE 20. Ethyl propionate.

Crit. temp.=272.9℃, A=281600, E=58.29.

TABLE 21. Propyl acetate.

Crit. temp.=276.2℃, A=283700, E=58.70

TABLE 22. Acetone.

Crit. temp.=234.40℃,(1) A=152700, E=36.80.

Dg was calculated from vapour tensions given by Drucker and Kangro, ibid. 
(T): Timmermanns, ibid. 
(K): Korber, Ann. Phys., 37 (1912),1014; "Tables Annuales," 3 (1914), 10. 
(S): Stern, Z. physik. Chem., 81 (1913), 441. 
(D): Dutich, Verh. K. Akad. Wet. Amsterdam, 11, 44; "Tables Annuales" 3 (1914), 10. 
(B): Bramley, J. Chem. Soc., 109 (1916), 434.

(1) Galizine, Wied. Ann., 41 (1890), 620.
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Table 1-22 show that the concdance of RT In Vg/Vl with A (1/Vl-E-

1/Vg-E) is excellent except at temperatures immedintely near the critical
temperature. Moreover, as vapour densities are calculated from vapour 
tensions at low temperatures, it is evident that following equation (2), which 
was derived from equation (1) as a vapour tension formula in the previous 
work, agrees with experimental data.

TABLE 23. Summary of constant E.



A Relation between Orthobaric Densities. Part Ⅱ. 223

Additive constants.

(2)

Table 23 is the summary of the values of E hitherto obtained for 42 

substances. In this work, besides that of carbon dioxdie shown in Table 1, 

the constants of carbon tetrachloride and benzene were recalculated by more 

careful computation, and are shown in the- table. 

Ecalc in the second column is the values directly calculated. Eadd in the 

third column which show pretty good agreement with Ecalc, were calculated 

from additive constants shown at the bottom of the table. These constants 

consist of 6 fundamental numbers, and enable us to calculate constant E 

for 33different substances. The values for C and H have been estimated 

from the data for normal hydrocarbons. The constant for a double bond 

was calculated assuming the benzene contains three of them. The group 

-CO-O- in esters was regarded to consist of two normal oxygen and a double 

bond. The constants for Cl are approximately the same for COCl2, CHCl3, 

CCl4 etc.. It is interesting that the constants of halogenobenzenes are very 

accurately expressed by assuming to their constants 1, 2, 3, 4, times of that 

of fluorine respectively.VƒÏ=•‡ in the fourth column denotes the volumes of 

liquids extrapolated to infinitely large pressure. The data adopted are of 

Tammann1) and of Tashiro2), the latter being very close to Ecalc in the case 

of ethyl ether and acetone. In the fifth, there are shown critical volumes 

calculated from data given in Landolt-Bornstein's table. Values of E/Vk 

in the last column are almost universally constant for normal liquids, the 

mean value of which being 0.170. 

In the previous work, it was derived a reduced equation from equation

(1), taking into account that the ratio Tk/√APk are universally constant as

welI as E/Vk . The total summary of values for the constant A and Tk√SPk

are given in Table 24. This table shows that the constancy of the valueTk√AP
k

for normal liquids is satisfactory, the following value having been obtain-

ed for their mean through the total data:

(1) Ann. Phys. 87 (1912), 975. 
(2) Bulletin of the Institute of Physical and Chemical Research (in Japanese), 6 (1927),105.
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TEBLE 24. Summary of constant A.
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