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The Theory of Significant Structure of Liquids
A New Method of Fixing Parameters

By Hyungsuk Pak and Seihun Chang

Department of Chemistry, Coliege of Liberal Arts and Sciences,
Seoul National University

Abatract
The new method to determine the parameters in the liquid partition function of H. Eyring and

co-workers is proposed,

in which method the equilibrium condition of the three phases and the

boundary condition of the liquid partition function at the triple point are used.
The calculated thermodynamic properties using the new determined parameters are agree well with

the observed values.
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Table I Triple point and parameters
Benzene | Methane | Nitrogen Benzene | Methane I Nitrogen
an T °K 273.685 90.68 63.30 n 23.400 11.908 11.034
07 P mmHg 35.856 80.7 96.4 a 0.095 0.0253t 3 0.0254031
a® Vs ml 77.00 30.94 29.31 ¢ °K. 56.319 72.890 54.588
a 'y ml 87.29 33.636 31.985 | Es cal/mole | 10325.6 2189.3 1525.5
* Hv cal/mole 8305.1 2097.2 1460.7
* Hv; heat of vaporization at triple point obtained from the vapor pressure data (17>
Table II Vapor pressure and molar volume
1. Benzene
T °K Pcalc atm, | Pobs, atm.(® % error Veale. ml Vobs. mK1 | ¢ error
278.60 0.04704 0.04696 0.017 87.28 87.28 0.00
298.10 0.1245 0.1249 —0.320 88.90 89.36 ] —0.51
328.10 0.4236 0.4293 0.070 91.56 92.80 —1.34
353.30 1.0076 1.0012° 0.639 94,10 95.92 —1.90
373.10 1.798 1.773 1.41 96.37 98.46 —2.12
423.10 5.884 5.731 2.67 103.64 106.8 -2.96
473.16 14.573 14.01 4.02 114.44 118.30 —3.26
493.16 19.763 19.11 3.42 120.39 124.92 —3.63
513.16 26.117 25.46 2.58 127.88 133.55 —4.25
523.16 20.880 29.21 2.29 132.59 139.31 —4.82
533.16 33.740 33.36 1.14 137.64 146.65 —6.14
2. Methane
90.65 0.1155 0.115 0.43 33.63 33.63 0.00
99.67 0-3290 0.3282 0.24 34.538 e resres
111.67 0.9956 1.0000 —).44 35.859 37.816 —5.18
123.16 2.307 2.35 --1.83 37.335 39.381 —5.20
3" Nitrogen
63.14 0.1239 0.1237 0.16 31.96 31.95 0.03
68.41 0.3035 0.3005 1.00 32.79 33.09 ~0.91
77.34 1.0218 1.0000 2.18 34.36 34.70 —0.98
99.52 7.663 7.37 2.62 40.33 40.51 —0.44
Table III Critical point and Entropy
1. Benzene
Te oK Pc_ atm. Ve ml Sl e.u. aSf e.n. ASv e
cale. 595 66.10 266.9 30.47 8.638 21.338
a9 obs, 862 48.6 260.5 40.78 8.46 20.848
% error 5.87 36.0 2.46 —3.21 2.10 2.35
2. Methane
calc. 211.08 60.087 102.66 15.25 2.25I 17.572
1% obs, 191.06 45.8 99.367 15.49 2.48 17.51
% error 10.5 31.2 3.31 —1.55 —9.3 0.35
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3. Nitrogen

cale. 132.18 | 40.366 97.51 15.93 2.533 . 17.566 -.

a9 gbs. 126.0 33.49 90.1 16.13 2.73 17.24

% error 4.90 20.53 8.22 —-1.24 -7.2 1.89

Sl; absolute entropy at melting point
& Sf; entropy of fusion at melting point (entropy of solid is obtained from Einsteins model)
a Sv; Entropy of vaporization at boiling point

Table IV Surface tension and Estviss constant of benzene

% of contribution of layers dynefem dyne/cm (19)
T °K 1 st, 2 nd, 3 rd. Feale. Tobs. % errar kE

2786 89.02 10.31 0.67 41.53 30.96 3.1 2.58

298.1 87.18 11.95 0.87 39.00 23.36 37.5 2.62

328.1 83.70 14.78 1.52 34.84 24.44 42.6 2.65

353.3 80.59 17.50 1.91 31.02 21.24 16.0 263

(19) kE obs.; 2.22

o
E ‘-J [ (2 ka)m ej&r }(I"—;vlﬁ
73
JFuller 8} 3F5QA7AEL $§3448 349 g m2lpT 1

Helmholtz x}-f-oi v =] 7k zickm way 2AHq 2h? 1—e—Fk?

oo BEEE 47 R0 AL
2 mgdeds A4PiE $o] B2} g

HFRAA 349 FYaAe 21 ERoR B
daa Ay e ol $eoE AR 42 A
§ parameter 5 # A 7N ddgHpS A
$ A5t ALA Y 2} & QXS vAES,

AR e 2E Leiztel we} FoAYL AF
A & gL Fux BN L L Fe AR
o] gli=d oA L 2wt Lzt wild Esvb o
£ ZAgRQe T EFan G 3L TE
A4d A Aok T gA Qe o2 AR
oA AA I wcE Azpq nA L,

AR EgY ﬂ*zlhv‘r S e AR T S -
Zo] o HetgL A&} v PAoR ol E
Hejde ¥AFY AT T+ glod 2dE 4
ol9] AzlE A% A= TR F& 3
£ 9% 7 443, 29n 227} —&*H,oﬂ
gt ol 59 gl o WAL o4y
2 25 o,

#1 1. BHEE0

o &4

I)

M3 =
eEs.—’RT n(x a{:k‘l" 3 N

*guitgdozs 4§42 AFAA A Aes u4A
st d4st el 294 g+ A+s Ut

1=13.94x1070 geme® -L-=3360 con-19
(2> BliEIQE

aks

1
- ¢ EBRT N FEURT Y T
f‘[—"ﬂmg—wr)s {14n(c—1>e }]
Camk Ty oV y—30ON
e )
w2/ smlkT N\ T}
12 o =1 Ty g—ki kT
1=5,330X 1079 gem? 18}, ;= Yol B 5
L eHer,
@ o
¢ B/ "nTE";IlRT i
= [(1 le UTYE {1+ﬂ(.r De }]
[ QemkTYV2 eV mi2  (8nlAkT)
24 N 12 h?
30 1
(Sﬂ'«!ck Y] 1 A—5N
= (=1 ‘1‘;‘;}--‘3‘:&?‘]
I.=295, 363gcm2* JA==147. 684 gem?*

L, I A% 349 B9 £ £ Yo 2

P Fol U VAT ERN TR TIOLLH A
Aeb pee THAA 2% F Q@
#D 2. BEHE Moie] A2

dubdez nHzt FobA AN zsg s} Fot
A} o] 2EAR] Al WA gk ok T8
o) Mgt oA At AR Eed AH =
£ AEY geoo AEdYy X5y FAe N
N A yx2ye ¢4 U F A48 g4

A



178 o8 4.

d9Est s 299 AAAA B £ 2E Ao
Damw o gAE Agstd 9 Aok AAH
20 &4l Fel~7 orthorhombic face centered
lattice 9} A4+ 1] Ad=d A 2w 2
QA d& B 2ol FARn
=yt

ad,ce BATE A 2y ZolFolnt WA g
£ a=7.460A, b=9.666A, c=7.034A(—3°)ve| B,
2 d=4.523A015}, 23U AAZE A4 E70)
CECDIEEE R CEREREEETT 30T
g g AL = QA& Ao

# 18 s

1) Clusius K.; Zestsch. Physsk. Chem. B., 81,
459 (19363

2) Walter J, and H.Eyring; J.Chem. Phys.,
9, 393 (19411

3) H.Eyring, T.Ree and N.Hirai; Proceedings
of the National Academy of Sciences., $44—17.

683 (1958

4) J.Fuller, T.Ree and H.Eyring; #b¢d., 45—11,
1954 (1959

5> M.Carlson, H.Eyring and T.Ree; sbid., 463,
333 (19602

6) R.Thompson,” H.Eyring and T.Ree; #bid.,
46—3, 336 (1960)

7> M.Carlson, H.Fyring and T .Ree; :b4d., 46—35,
649 (1960)

8) H.Eyring and T.Ree; #bid., 47—4, 526 (1961

I

PN 1A

9) SChang, T-Ree, H.Eyring and IMatzner;
Progress in International Research on Th-
ermodynamic and Transport Properties, the
American Society of Mechanical Engineers,
Academic Press. New York (1962)

10D Significant Structures in Liquids; J.Fuller,
PhD. Thesis, Univ. of Utah (1959

11> Rayleigh, Lord; Phil. Mag., 33, 1 (1892)

12) Raman N.K. and L.A. Ramdas #bid., 3, 220
a9e2n

13) Adam N.K; The Physics and Chemistry of
Surfaces, 2 nd ed. (1938) Oxford Press.

14) E.G. Cox; Rev. of Modern Phys., 30, 159
(1958)

15) Robert D.Mair and Donald F.Honig; J.Chem.
Phys., 17, 1236 {1949

16) G.Herzberg; Molecular Spectra and Mole-
cular Structure, 10th ed. D.Van Nostrand
Co. (1962)

17) Lange's Handbook of Chemistry, 9th ed.
McGraw-Hill Co. (1956

18) Handbook of Chemistry and Physics, 40 th
ed. Chemical rubber publishing Co. (1958—
19593

19) International Critical Table

20) Conner J.. Trans. Faraday Soc., 44, 1036
(19482

21) Harasima A.; Proc. Phys. Math. Soc. Jepan,
22, 825 (1940}



