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要 約

Modified significant structure theory of liquid 를 써서 액체 암모니 아의 partition function 을 정 하여 액 체 암모 

니아의 몰부피, 중기압, 한계점, 증발엔트로피, 표면장력을 계산한 결과 실측치와 잘 맞는 값을 얻었다.

Abstract

The partition function of liquid ammonia was developed by applying the modified significant structure theory 
of liquid, 5

The molar volume, vapor pressure, vaporization entropy were calculated over a wide temperature range. The 
critical properties for the liquid were also calculated. And surface tensions of the liquid were calculated in a 

similar manner developed for water by Chang and Pak.10

1 he results 나low good agreement with experimental observations.

Introduction

H. Eyring and coworkers have proposed significant 
structure theory of liquid and tried its application 
to a number of liquids. Lately Chang and coworkers 5,10 
have proposed modified significant structure theory of 
liquid and calculated thermodynamic properties of 
several liquid. Applying the modified significant str­
ucture theory of liquid, the authors developed the 
partition function of liquid ammonia and calculated 
thermodynamic properties and surface tensions, which 

show good agreement with experimental values.

Partition function

The significant structure theory of liquid assumes 
that the molecules in liquid have solid-like degrees of 
freedom and gasJike degrees of freedom. The X-ray 
analysis of solid ammonia4 shows that the molecules 
cannot rotate freely in solid state.

And the value of entropy of fusion (6. 914e. u. )8 
may indicate that the solid-like molecules in the liquid 

cannot rotate freely.
We assume that they do torsional oscillation with the 

frequency of which can be approximated to have the 

same value of the lattice vibration of the molecules. 
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Then, according to the significant structure theory 

of liquid, the partition function of liquid ammonia can 
be written as follows.

eEs/RT ( —話％
戸)厂[1 + 门(纟—° exp "忐* ' -

(27□사iT)S ey v'*8  兀2(/a 届 Jc)i/3ET}3/2 —
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(1 -手)-N4
where E$, 0, Vs are parameters corresponding, 

respectively, to the heat of sublimation, Einstein 
charactrstic temperature and molar volume of solid-like 

molecule in the liquid. And z is a proportionality con­
stant, giving a EsVs/w(V—Vs) the strain energy in 
the system as the molecule shifts to one of the neig­

hboring vacancies.
And n is the number of nearest neighbors around a 

molecule, which is given by n = 12Vs/Vt, assuming 
a close-packed structure, where Vt is the molar 
volume of the liqu서 at triple point.

The moment of inertia IA, Ic are 4. 44 x IO-40 g-cin2,

2. 82 x IO-40 g-cm2, 2. 82 x 10^4° g-cm2, respectively, 
symmetry number is 3 and others have the usual 

meanings.
The parameters are calculated in a similar manner 

as proposed by Chang and coworkers5.

Properties at the triple point and the parameters are 

given in Table 1.

Table 1. Triple point data and parameters

Te 195. 45°K. 8 E$： 6332. 0 cal/mol

已： 0. 0605 atm. n : 11. 543

V(： 23. 204 cc. vs： 22- 319 cc.

Hy： 6047.1 cal. /mol. e : 142. 63 °K.

a : 0. 009236.

Theromdynamic Properties

1. Molar volume and vapor pressure
The molar volume and vapor pressure at various 

temperature are calculated using the above partition 

function.
The necessary equations for calculating the proper­

ties are given below;
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In {1 +k(z—1)厂”'} and(i)=aEs/n (x—1) RT,

If the values of Helmholtz free energy, A, thus 
obtaind are plotted against the values of V for a given 
temperature, the slop of a common tangent line of 

liquid and gaseous portion give the vapor pressure 

and the corresponding tangential points give the molar 

volumes of liquid and gas, respectively.

The results obtained are shown in Table 2 and' 3 
and compared with experimental values.

Table 2. Vapor pressure

T°K 1C시c. (atm. ) Obs. (atm. )9 △%

195. 45 (T. P.) 0.0605 0. 0605 0. 00
213.15 0. 2165 0. 2161 0.19
229.15 0. 5654 0. 5693 -0. 69
239. 75 (B. P.) 0. 9827 0. 9879 —0. 53
253.15 1.8308 1. 8774 -2. 48
273.15 4. 0583 4. 2380 -4. 24
293.15 8. 0109 8. 4585 -5. 29

Table 3. Molar volume

T°K Calc, (cc) Obs. (cc)9 △ %

195. 45 (T. P.) 23. 20 23. 20 0. 00

213.15 23. 74 23. 86 -0. 51

229.15 24. 24 24. 51 -1.12
239. 75 (B. P) 24. 58 24. 98 -1.62

253.15 25. 02 25.61 -2. 30

273.15 25. 83 26. 67 -3.15
293.15 26. 76 27.91 一 4.10

2. Critical values

Critical values are calulated using the conditions o£

(器)r=。and of (号斜=Q These values are sh-

own in Table 4 and compared with observed values.
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Table 4. Critical values

Calc. Obs. 8 △%

TC°K 469.2 405. 45 15.71

Vc cc 72. 98 72. 95 0. 004

Pc atm 188.6 111.3 69. 45

3. Vaporization entropy

Vaporization entropy at various tempeatures can be 

calculated using the following equation;

6으. 尸/T

二R一一= 一1 一亙T

+丘｛1+鈴（压一1）厂％｝+m二访"

+ （1—日一） （了+3+1吨唐） 一鑄一〔一61n（l—e내/丁）

6으""7' i
H  ln|l + 我（的一1）厂1七

+嗇%뜩급泠｝HTg+3+岫

where xs : x for gaseous portion, 

wg : w for gaseous portion, 

x\ : x for liquid portion and 

Wi : w for liquid portion.

The calculated values have shown good agreements 

with experimental observations in Table 5.

Table 5. Vaporization entropy

T°K Calc. (e. u. ) Obs. (e. u. )9 △%

239. 75

253.15

273.15

22. 470

21.440

19. 463

23. 237

21. 368

1& 805

-3. 98

0. 34

3. 50

4. Surface tension

Surface tension of liquid ammonia at various temp­

eratures are calculated in a similar manner by Chang 

and Pak10 for liquid water, which assumes that the 

molecules in the first surface layer are asymmetrical 
held due to their dipole moments which will tend to 

orient to the direction of the field. The authors have 
assumed that the molecules in the first surface molec­

ular layer are oriented, to some degree, to the direc­

tion of the dipole field formed by the second molecular 

layer, and that the molecules in the first molecular 

layer can rotate freely about the figure axis of the 

molocule.

Molecules other than in the first surface layer can 

be approximated to be in a symmetrical field. There­

fore, there is no molecular orientation in the second 

layer and beneath. Then, the partition function for 

the top surface layer is given by the following equa­
tion;

늬為—+ln 匹쓰誓끄0

where x\— Vi/VSi Vi being the molar volume of the 

first surface layer, is the dipole moment and X is 

the field strength.

The ground state energy for each surface-layer can 

be calculated with the same method developed by 

Chang et al.11

Calculated values are shown in Table 6 and compared 

with observed values.

Table 6. Surface tension

T°K
% Contribution

Tcalc. (dyn/cm) 7obs, I2(dyn/cm) △%
1st layer 2nd layer 3rd layer

195. 45 (T. P.) 90. 40 9. 00 0. 60 58. 26 (44. 3) 31.5
239. 75 (B. P.) 85. 42 13. 46 1.12 47.16 34. 25 37.7

273.15 79. 38 18.16 2. 46 39. 80 26. 55 50.5

293.15 75. 66 21.13 3. 21 34. 01 22.0 54.6



182 이해방•전무식•장세헌 大韓化學會誌

Fig. 1. Surface tension vs. temperature
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