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요 약. 액체분자는 고체와 같은 그•리고 기체와 같은 자유도를 가진다는 가정하에 액체의 상태 

합을 유도하였다. 이 상태합을 아르곤, 염소, 암모니아, 벤젠 등의 액체에 적용하여 이들 액체의 열 

역학적 성질들을 계산한 결과가 실험치와 잘 일치하였다.

ABSTRACT. A theory of liquid is proposed by assuming that the molecules in the liquid state 

have the solid-like and the gas-like degrees o£ freedom. The calculated values of the thermodynamic 

properties of argon, chlorine, ammonia and benzene are in good agreements with those of the 

observed values.

INTRODUCTION

The liquid state has long been regarded as 

presenting the least tractable of all problems in 

the fi사d of statistical mechanics. For the des

cription of the liquid state, various theories 

have been proposed. The radial distribution 

function theory1 is the formal one, but because 

of the mathematical complications it is difficult 

to apply the theory to the actual problems of the 

liquid state. As the model approach to the liquid 

state, there are free volume theory2, quasi-Iattice 

theory3, and the significant structure theory4. 

Among the above theories the last one developed 

by Eyring, Ree and Hirai has been proved to 

be very useful in calculation of the various phy

sical pro가erties of the liquids, though it has 

some theoretical defects. The theory has been 

improved by Chang et al. 5,6, and Pak7 impro

ved it further by assuming that the solid-like 

and the gas-like molecules exist in the liquid. 

In the present paper, Pak's theory of liquid is 

modified and a new theory of liquid is presented.

THEORY

The experimental data of X-ray diffraction8 

indicates that the arrangement of the molecule앙 

in the liquid keeps short range order with about 

the same intermolecular distance in the solid. 

However, about ten percent volume increment 

is observed when the solid melts to from the 

liquid. From the above and some other experi

mental facts, it is assumed that Ar( V— VJ / Vs 

of molecular size holes are introduced at random 

in one mole of the liquid, where N is the Avo- 

gadro,s number; I', the molar volume of the 
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liquid at the temperature under consideration; 

and VSi the molar volume of the solid-like 

molecule which is assumed to vibrate at the 

equilibrium position as if they were in the 

solid state.

However, the value of Vs is not necessarily 

equal to the molar volume of the solid. As the 

holes are introduced during the melting process, 

some structural change occurs, i.e., some mole

cular rearragement should occur keeping the in- 

termolecular distance about the same with that 

in the solid. If N^V—V：) /Vs holes are distri

buted at random, there are IV(卩‘一K) / K+】V 

=N(V「VJ =Ne sites in a mole of the liquid. 

Since the intermolec니ar force in the liquid is 

the short range one, the N (V [ VB sites should 

have the closest packing structure, that is, each 

of the site is coordinated by twelve nearest 

neighbors. Therefore, the site is surrounded 

by 12N/N(V/V^) ~12(VS/V) molecules and 

12(V—Vj)/V holes in average to the nearest 

neighbor of the site.

Since the molecules have constant thermal 

motion, the molecule may jump into one of the 

neighboring holes. The jumping molecules have 

the gas-like degrees of freedom, and they can 

move around in the volume (V— K) under the 

potential energy Eg. This potential energy is 

assumed to be proportional to (K/V)% e.i., 

Eg=^{VJ V)2, where e is the proportionality 

constant. The total number of the gas-like mo

lecules is equal to N(V—V》「V=Ng, And the 

remaining molecules N(VS/Vj=Nt vibrate just 

like the Einstein oscillators, having solid-like 

degrees of freedom. Since the N$ solid-like m- 

olecules are distributed at the Nt sites, there are 

n£n$ ways of distributions.

The partition function of the liquid is then 

given as follows.

이卷料 n 쏘*t으

卩冠厂 (1> 

where Es and 0 are the ground state energy of 

the solid-like molecule and the Einstein charac

teristic temperature, respectively. And b is the- 

product of 나此 molecular rotational and the in

ternal partition functions; here, the subscripts r 

and g stand for the solid-like and the gas-like 

molecules, respectively7,

CALCULATION of the THERMODYNAMIC 
PROPERTIES

Various thermodynamic properties are obtainable 

from the following equation.

A~ ~kT in Q (2)'
The parametric values 0 and e can be found 

at the triple point by the use of the following 

equations.

，=~捋슈)" ⑷

A+pV=Ag-\-pVg (5)

where Ag and Vg are the Helmholtz free energy 

and the molar volume of the vapor which is in. 

thermal equilibrium with the liquid, and the 

values may be found from the partition function 

of the ideal gas.

As the liqiHd has a high fluidity compared 

with that of the solid it can be assumed that, at 

the least one neighboring site of the molecule 

is occupied by a hole, and therefore the number 

of the gas니ike molecules should not be less than 

】V(1/12). At the triple point, the lowest temper

ature that liquid can exist, Ng~N{V— Vs)/V 

=N(1/12) is assumed, accordingly VS=V(XL/ 

12) is obtained. Here, V is the molar volume 

of the liquid at 솬le triple point.

By using all of the above equations the molar 

volume of the liquid, the vapor pressure and the 

entropy of vaporization can be calculated. The
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critical point properties are found from the fol

lowing relations.

0=一(荒爲，(凱.广。(音苔)T,广。⑹

RESULTS and DISCUSSIONS

The triple point properties, the normal boiling 

point properties, and the critical point properties 

of argon, chlorine, ammonia and benzene are 

calculated. The results are compared with the 

observed values9,10 in the Table 1, where the 

subscripts t, b and c stand for the triple point, 

the normal point and the critical point, respec

tively. In the Table 1, the numerical values in 

the parentheses are the observed values. The 

calculated parametric values are also given in
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the Table 1.

The calculated values of the thermodynamic 

properties are in good agreements with those of 

the observed values. In calculating the proper

ties, the vapor which is in equilibrium with the 

liquid is assumed to behave ideal. However, if 

the theory of liquid is extended to the vapor, 

the more excellent results could be expected.

The value of Vs calculated is slightly greater 

than the molar volume of the solid as shown in 

the Table 2. This fact indicates a slight lattice 

expansion during the melting process besides the 

introduction of holes.

In calculating the thermodynamic properties, 

the rotational partition functions of the solid

like molecules of chlorine, ammonia and benzene

Table 1. Thermodynamic properties.

Argon Chlorine Ammonia Bbenzene

Tt (°K) (83. 96) (172.12) (195.45) (278. 675)

pt (atm) (0. 6739) (0.01374) (0. 0605) (0. 04718)

Vt (cm3) (28. 03) (41.57) (23. 20) (87. 29)

(eu) (19. 43) (31. 69) (30. 94) (29. 78)

L (°K) (87.49) (239.05) (239. 75) (353. 25)

Pb (atm) 0.9982 0. 9848 0. 9810 0. 9724

Vb (cm3) 28. 51 
(28. 69)

46.66
(45.45)

25.00 
(24. 98)

96. 78 
(95. 92)

(eu) 18. 36 
(18. 65)

20.52 
(20.41)

23. 45
(23.24)

21.16
(20.83)

Tc (°K) 144.9 
(150. 7)

436.9 
(417. 2)

445.5 
(405. 5)

583.5 
(562. 2)

Pc (atm) 43. 24 
(48. 0)

94.68
(76.1)

172.0 
(111. 3)

59. 35 
(48. 6)

Vc (cm3) 87. 53 
(75. 3)

137.0
(123.8)

77.33 
(73.0)

285.6 
(260. 5)

瓦(cal/mole) X, 721 6,038 6,355 9, 627

€ (cal/mole) 195 2, 457 2, 362 2, 797

e（°k） 40.94 43.41 155.0 46. 57

Table 2. Comparison of the molar volume of the soHd-like molecule with that of the solid.

Argon Chlorine ammonia benzene

Vs of the solid-like 25.69 38.11 21. 27 80. 02

Vt of the solid 24. 98 37. 32 20. 57 77. 00
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are approximated to those of the oscillators, and 

the vibrational frequencies are taken as the 

same values of the lattice vibrations of the res

pective solid-like molecules. The rotational par

tition function of the gas-like m사ec니es are 

taken as those of the rig너 free rotators.
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