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Modified Theory of Significant Liquid Structure
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It is well known that the liquid density is interm- by H, Eyring and co-workers, is very helpful to

ediate in a temperature range between that of solid illustrate the various properties of liquids ® -2  They

and vapor except the substances such as water,
X-ray analysis shows that the distance between the

tiearest neighboring molecules in liquid state is about,

but not exactly, the same within the solid state © @,

The significant liquid structure, which was proposed
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assumed that the liquid may possess movable vacancies
of molecular size, which confer gas-like properties on
a neighboring molecule jumping into them, and that
a solid-like molecule obtains a positional degeneracy
equal to the number of neighboring vacancies, Assuming
the random distribution of vacancies, they have
obtained the two fractions of gas-like and solid-like -
molecules as (V—V,)/V and V,/V, respectively, And

the average number of vacancies next toa molecule is
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Z(V=V)3/V=(ZV /) (V-V) /V,.=n(V-V)) /V,,
where V and V, are respectively the molar volumes
in liquid and in solid state and Z is the number of
mnearest neighbors ®

The value Z cannot be greater than 12, But previ-

<ous papers on this subject @ - U9 have assumed it as an
adjustable parameter, and the values for some liquids
had to be greater than 12,
- The authors have assumed that in a melting process
not only vacancies are introduced in the lattice as
other workers previously assumed, but also the solid
structure undergoes slight changes,

Thus, we take the triple point as the ground state
of a liquid, so that the molar volume of solid-like
structure V, » Einstein characteristic temperature 6,
the ground state energy E, in the liquid state, which
can be determined easily (see Appendix), may be
different from those of solid state,

Assuming the molecules are close-packed in liquid,
for the most stable position of a molecule the number
of accessible sites n is n=12-V,/V,, where V, is the
molar volume of solid-like molecule in liquid state and
V, is that of liquid at triple point, And if we assume
a vacancy to be about the same with the molecular
size in liquid state, the number of vacancies in a
mole of liquid are Ne(V—~V,)/V,, where \'s is the
molar volume of liquid at various temperatures and N

R AE

the number of
vacancies accessible to the most stable position of a
molecule is given by ny,=n-(V—V,)V,

is Avogadro number, Therefore,

Than, the liquid partitio‘nAfunction can be written
straightforwardly as follows;
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In the above, f,; is the intramolecular vibrational
partition function and, without appreciable error, can
be assumed to have the same value for solid, . liquid
and gas state, And f,,,* and f,,f are respectively the
rotational partition function for solid-like and gas-like

molecules in liquid, The rotational partition function

for a rigid rotator could be used for gas-like molecule

if the molecules are non-polar. The rotational partition
function for solid-like molecules could be taken equal
te f,4f in a few simple liquids which have relatively
high sticking coefficients like argon 9, methane®’,
nitrogen ® and carbon tetrachloride 18 But for liquids
like chlorine ®, bromine 49, jodine 19 and bengened
which have far less sticking coefficients, f,* can be
approximated as f,; for a harmonic oscillator, frequ-
ency of which is equal to that of the lattice,
Patameters and some thermodynamic properties for

vatious liquids are listed in the following tables,

Table 1, Argon.

n; 10, 325 a; 0,11548 8, 51,384 °K Es; 1871, 68 cal/mole Vs; 24,116 c,c,
Molar volume and vapor pressire.
T °K Veate. cC Vopa, cc % error, P, atm P,b(,zoa;tm 9% error ‘
83,96(T1) (28.03) " 28,03 _ (0.6739) 0.6739
87.49(TH) 28,72 . 28,69 0.10 1,0218 1, 0000 2.18
97.76 30, 47 30,15 1,06 2. 6998 2, 6818 0.67
122,39 35,92 35, 08 2.38 13,653 13,612 0.30
Entropy of vaporization gnd critical point properties
éS,e altl L AS'; 3‘: T T, °K P, atm V.cc :
cale, (19, 331) 18,111 157, 82 56, 895 82, 00
obs, 19,20) 19,431 18, 647 150, 71 47,996 75,26
9% error 2. 87 4.72 18,6 8, 96
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Table 2, Nitrogen,
a; 10,938 a; 0,05017 #, 53,740 Es; 1538,29 cal/mole Vs; 29.154 c. ¢,

Molar volume and vapor pressure.

T° K Veate. €C V""("Dcc % error, P.ore. atm P(.‘;:_Zg;m "9 error
63. 30(T2) (31, 935) 31,985 (0. 1268) 0. 1268
68, 41 32.96 33,09 —0.39 0. 3015 0, 3005 0.33
77.34(ThH) 34, 60 24,70 —0.29 0, 9895 1, 0000 -1,05
99, 52 l 40, 41 | 40,51 —0.25 7.251 7.37 —1.61

Entropy of vaporization and critical point properties,

T t T6 o
| ST | 5 T, °K P, atm Voo
cule. 23,008 | 17.321 133. 82 40,709 7.30
obs, (9 23. 008 17. 24 126.0 33. 49 90.1
% error 0. 47 6.21 21.6 7.99
Table 3, Methane. .
n; 11, 048‘ a; 0.040238 g, 71. 340 °K Es; 2200, 7 cal/mole Vs; 31,060 c.c,
Molar volume and vapor pressure
T °K Vit cc Vo < | ggerror, | Pea atm Pop,. atm | g o
cale. (4) (-] s I cale. (19) i o error
90, 65 (T?) (33.63) 33.63 0. 1154) 0,1154
99,67 34,73 0, 3303 0, 3284 "~ 0.56
111, 67(TH 36,12 37.79 —4.4 0, 9954 1, 0000 —0, 46
123,15 37. 64 39,37 —4.4 2.298 2.35 —2.24
Entropy of vaporization and critical point properties,
AS‘%_?‘ T ASve.altL T T, °K P, atm V, c.c
cale, (23.198) 17.514 211.29 60. 59 103. 83
obs, 1® 23.198 17.51 191. 05 45.8 99. 34
% error 0. 00 10.6 32.3 4.52
Table 4, Benzene
n; 11.386 a; 0.014389 8, 44.354 °K Es; 9636.1 cal/mole Vs; 82.826 c.c.
Molar volume and vapor pressure.
T °K Veate. €€ V,.,(,li)cc 9 error, P . atm P,,(,,l_g)atm ' % error
278.675(T5) (87.29) 87.29 (0.047179) 0.047179
298. 15 89. 15 89,36 —0.24 0,1244 0, 1252 -0,64
328,15 91,98 92, 80 —0,88 C, 4246 0.4302 | -1.30
353, 25(TH) 94, 63 95,92 —1.34 0, 9834 1,0000 —1.66
373.15 i 97,00 | 98, 46 —1.48 1,739 1,757 —1.02
42315 104. 44 106. 8 —2.21 5,503 570 | —3.46
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Entropy of vaporization and critical point properties.
As"e'ali T 8 ve_a;_ .T’ T, °K P, atm V. c.c
calc, (29.79) 21,05 609, 11 65, 80 274.2
obs, a9 29,79 20,83 562, 15 48,6 260, 5
% error 1.06 8.35 35,4 5.26
Table 5, Chlorine
n; 11,676 a; 0, 004675 0; 38,479 °K Es; 5940, 3 cal/mole Vs; 40,455 c.c.
Molar volume and vapor pressure.
T °K v, cc Vobs. cc % error, P atm Pop,. atm % error
cale. (20) ) (<] ’ cale. (]8)
172, 12(To) (41, 571) 41 571 (0, 01374) 0, 01374
193.15 42,624 42,584 0,093 0, 07597 0. 07606 -0.12
213.15 43.687 43.713 —0, 059 0. 2710 0. 2730 —0.73
239, 05(T?) 45, 270 45, 447 —0.39 0, 8820 1. 0000 —1.80
273.15 47, 826 48,308 —1.00 3,488 3.644 —4,28
Entropy- of vaporization and critical point properties,
As,é ililt Tt AS,; al: Tb T‘ °K Pc atm Vc c.c.
calc, (32, 676) ) 20, 326 466 35 103.5 133.1
obs, (18,19 32,676 20. 406 417,15 76.1 123.8
9% error -0, 39 11.8 36.0 7.51
Table 6, 'Bromine
n; 11, 446 a; 0,0129% 9; 27.699 °K Es; 8567.6 cal/mole Vs; 47,457 c.c,
Molar volume and vapor pressure.
T °K Veate, cc V,,(,,éb)cc % error, P..i. atm P"”('zoitm % error
265, 85(Tt) (49, 753) 49, 755 (0. 061053) 0, 061053
273,15 50, 135 50,143 —0, 016 0. 08941 0. 08671 3.11
293 15 51,088 51. 240 -0, 297 0, 2256 0, 2276 -0, 879
303. 15 51, 564 51, 813 —0. 480 0. 3402 0,3474 —2,07
32315 52, 556 52,998 —0,834 0,7112 0, 7421 —4,16
331, 93(Th) 53,012 53,536 —0.979 0. 9504 1. 0000 —4,.9
Entropy of Vaporization and critical point properties.
AS"e al: Te AS.,ealtl T T, °K P, atm V. cc
calc, (28, 275) 20, 854 665, 53 125, 16 157,08
obs, G820 28,275 20. 784 584, 15 102 135,17
% error 0,377 13.9 22,7 16,2
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Table 7. lodine

n; 11,333 a, 0,016754 #; 31,236 °K Es; 13241 cal/mole Vs, 60,239 ¢ c,
Molar volume and vapor pressure
= i y i .
T °K ! Viate. €€ A "‘E‘l's)cc ‘% errer, | Poo. atm ! P"”(‘lg‘\;““ i % error
287, 30(T1) (63.801) |  63.804 1 @ 0.11105 |
393.15 - 64,143 64, 096 0,073 1 0, 15424 0. 13864 0,433
413.15 65, 201 65. 115 0,132 0, Zs0u0 0. 27961 0, 461
433,15 66. 243 66, 341 —0. 148 0. 52650 0. 52209 0.845
457,50 67.579 68. 489 l —1.33 1. 0389 1.0238 1.47
Entropy of vaporization and critical point properties
Asvef‘;_ T, § Asve.afl. R R i < P, atm V, c.c
. cale, (29.711) 23,44 796. 45 117.35 200, 66
obs, 119,20 29,711 22.73 783,15
% error ' 3.17 1.4
the following equations are obtained,
Summary A
p=— —p=t () +{1-1) G+inzy e @
s lec-
As expected, the molar volume of solid-like molec where o= }E:} 31—/t Inf, o+ Infus (22)
ules in the liquid state is slightly larger than in the p B
— —_ "Wl Lereneeersaereniaenee 2
solid state and values of Es and 6 in the liquid state y=inll :ES(I De) (2b)
are less than those in. the solid state, For all liguids, = n@—DRT T (20}
the calculated values of n are less than 12, This is in — @-mkT)32 eV, In f..£
. . 7=¢n h3 N }+ n Tyo
good agreement with what is ought to be expected Inf ;
+ [preeneremaem e s nsen s anananas 2
from the liquid model, Rluip v (2d)>
For chlorine, jodine and benzene, changing in and ¥ sy 2e)
values of Vs during a melting process are much greater and gr= ];\’frs it ne-«(1 +w)_w 47
than for other liquides, The change is believed too 1+n{z—1e
great to have resulted from a simple lattice expansion, +]“1+1"% """""""""""" 3
Rather, it could be better explained by assuming that Equation (3) is rearranged to
phase transition of solid state takes place during the _ mne~(l4+e) _1_ .
meltin Q= 1+n(—De~ < o= G+lnn) —1+gz(8)
g process,

X-ray analysis!? show that there are about '3 to 5%
of lattice expansions in melting processes, which the

results by the authers also conform. More experimental

analysis of liquid structure using X-ray or other new -

techniques will be needed to further substantiate the

lattice expension in melting process,
Appendix

The parameters Es, 8, a, and Vs in the equation
{1) can be obtained as following manner,
If we substitute the-equation (1) into the statistical

thermodynamic relation A=—XT-Inf and P= (g-'%)T .

The right hand side of the equation (4), which is
independent on Vs and a, has a definite value at a given
temperature and the value can be calculated from the
experimental values of the liquid and of vapor pressure,
On the other hand, the left hand side is a function

of Vs and a, Therefore, the condition of (—}Q)
* Vi

=0
must be satisfied at a given temperature, then
W= (T =) @ereeerreroncranes &)
Introducing the equation n=12-(Vs/Vt) and the
equation (5) into the equation (4), we can obtain

o— — ‘,/ ____“_)___ .....................
0=(2e+—D{1-2) ®)

at the tiip'e point, From the equalion (6}, @ is solved
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and then from the equtionas (5) and (2¢) Vs can he
calculated,
Knowing the entropy value of the liquid at the

triple point, @ can be obtained from following equation
which does not involve Es,

. (8AN _yp BInf g
S= (.?l—,->v.n_kT - +kinf o)

Finally, Es is obtained from the equations (2) and
(2a), and a from the equation (2c),
The authors wish to thank for the research grant
provided by the Government of Republic of Korea,
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