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Theoretical Estimations of Thermodynamic Quantities of Solutions
by using the Integral Equation Theory

Masaharu Ohba
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If we want to get the deep understandings for the behavior of thermodynamic quantities
of solutions in connection with its microscopic structure, we must proceed to the collaboration
of experimental study with theoretical ones. In this article, the outline of the integral equation
theory of solutions is described, because the integral equation theory is the representative
theory to describe the structure and thermodynamic properties of solutions on the same theoretical
bases. At first, the basic properties of distribution functions are discussed. Next, the relations
of thermodynamic quantities with the distribution functions and the integral equations on the
distribution functions are summarized. Finally, calculated results are shown in the cases of excess
enthalpies and partial molar enthalpies of binary mixtures as an example of an attempt to construct
the intuitive image for the behavior of solutions on the rigorous theoretical basis.

1. 0000

gooooooooooooobooooooobooo
ooooooooooooooboboooooooooooo
gooooboOoo0oooOoNMROIROOOOOOOOO
gooooboooooooobboooooooobooo
goooobooobooooooobooooooooooo
goooobooobooooooboOooooooobooo
gooooboooooooobbooooooobooo
ooooooboooooooooboboooooooooooo
goooooboOooooooobbOooooooobooo
goooooooooooobooooooooobooo
goooobooooooboooboooogoooboooo
gooooboooboooooobooooooooboooo
gooooboooooooobbooooooobooo

goooobobooboooooo
gooooboobbbooooooboboobonOi9e3oenbm
O Lennard-Jones Devonshired Cell TheoryOOO0O0O
0000000 Debye-Huckel TheoryOO OO OO OO
go0o00O000oobooOOo0oooboboooooooo
goboooO0o0oooooo0oooooboboooOoooboD
go00ooOooO00oOoooooOoOoOoOn Free Volume
gobooooooooooooooboboboooooooboo
goboboooooboboooooobbboooooobo
gobOoOo0o0oooobooOooobobboooooooo
go00ooO0o000oooo0o0ooobboooooooo
go0oooOo0o00ooobooOo0ooooobooooooD
gobooooooooooooooobobooooooobo
gobooooobooooooobooooooboboooo
goboboooooboboooooobbboooooobo

© 2003 The Japan Society of Calorimetry and Thermal Analysis.

Netsu Sokutei 300202003



gobooooboooobooooooooo

ce

the critical point

liquid state
be

super critical state

gaseous state

G

| | R b liquid state

1 ( ‘\. // \L,/_ e e ——

g(r)

/“ \ ¢ super critical state

| N

! L )
I L
) —o 1

Fig.1 The shapes of radial distribution functions at three typical states. The radial distribution functions are calculated
by the PY integral equation. The calculated states are represented by three points in the left figure.
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(b) The distance between molecules 1 and 2 is medium.

(a) The distance between molecules 1 and 2 is very small.

Fig.2 The relationship of the force acting on the molecule
1 with the distance between molecules 1 and 2.
The solid circles and the broken circles represent
the hard spheres and the excluded spheres,
respectively. Arrows around the molecule 1
represent the averaged force acting on the molecule
1 induced by the collision of molecules other than
molecules 1 and 2 against molecule 1.
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Fig.3 The outline of the procedure of the calculation
of thermodynamic quantities by the integral
equation theory.

goooobooooooooboboooooooooooo
gboooobooboooooooobOobod Percus-
YevicOPYDO OO

cun(r)0 gmn(r)[10 exp{ Bumn(r)}] (21)
0O Hypernetted ChainOHNCO OO
cun(r)0 gun(r) 0 In[gun(r)exp{ Bumn(r)}] (22)

0000(2000()00000(220000000000
0D0000000000000000000000000
0000(2000(2)00000000PYODO000(20)0
0(22)00000000HNCOO00000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0D000D00Fg3000000000000000

3.3 ODO00O0O0Ooooooooo
goob0ooboob0ooooboooobooboobo
0310320000 0000000000D0D0DO00DOO
Jdo00O00ooD0oooobDOodooogdd Chandlerd ®
J0000o0ooboobooooobooboooooooo
0000000 Reference Interaction Site Model J RISM O
JOo0o0oDoOoODO0O"Reference"00000OOOOOOO0O
goobo0ooooboboboooobooooobooobo
gooboob0ooooboboooboboboooooo
godoboobooooooobooobuoooboog

Netsu Sokutei 300 202003



gobooooboooobooooooooo

Ornstein-ZernikeO OO0 (2000 000000000000
goobooOooOo0000000000o00Dn site-site
Ornstein-Zernike SSOZO O O0O00O000O0D0OO0O0DO0OO
pgossozOoOd

hamyn(r)0 wcwamyn(r)d wep hamyn(r) (23)

00000000wdcOhOOOOOO0O00000000
00 wamyn(r)00000000000 campn(r)D0000
00000 hauyn(NODO0O00000000000000
p0aMyNOOO pyéwwOO0O00O00Oa, yOOOO
000000000 wmyn(r)D000000000000
00OMOOO0O00aO000y00000000 laymO
0000000000o0

Sinkl gym

(;.-)aMyN(k)D AN 6uyD (lEl 5ay) (24)

ayM

0000(23)00(20000000000000000
camyn(n)000000000000000000(21)00
(22000000000000000000000000
0000000000000000000000RISM-2
00s7000000000(21)00(22) 00000000
00000000000000000000000000
00000000000000000000000000
RISM-100000000000000000001000
00000000000000000® 00200000
00000000000000000000® 00000
0000000000000000RISM-10000000
000000000000000000000000000
0D00000O0O0000RISM-1000(21)00(22)000
000000000000000000000005D
RISM-20000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000O0000RISM-100000000000
0D000000BWO0000000000000000
0oooo

0000000000000000000000000
00000000000000000000000(12)0
0000D0D0000000000000000000
Kirkwood-Buff 0 O (13)0 (14)0 (15)00 00 0 O hyn(r)
O hayn()000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000

0000000000000000000000000
0O00O0D00RISM-10000000000000000

Netsu Sokutei 300 202003

71

1'50 r T T T T ]
N/
1257 f AN I/ c=05, T=3 n=04 ]
1.00 - \\ S
' R
= o7k Ito 1
(@)
050 | ]
0.25 - i
0_00 / 1 1 1 1
1 2 3 4 5
r/o

The atom-atom radial distribution function of the
fluid composed of homo nuclear diatomic

Fig.4

molecules.

goooooooooooooboooooooooboooo
gobo0100000000ssozodO0OdRISM-1-PY O
goooooooooo

h (KD &E@(K)D p@Th(K)
c(r)0 g(r[10 exp{ Bu(r)}]

(25)
(26)

0000wk Oosink/kiDIDOODOODDODODOOOOOOO
00 u(r)d Lennard-Jonesd 0 O O

12
O

r (27)

u(r)o 48[

00002700 e0000000000000c00000
00000I005000000000(2500(260000
000O0Fig400000Fig40 00000000000
0O0O0roonl0000000000000000000
00000000000000000000000000
0000D0000000000000000000000
0000000000000000000000000rC
o0l000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0ooooon

3.4 0O0O0OO0O0O0DOOO0O00O
gooooobooOooooooooboooooooooo
goooooooooooboooooooooobooo
gooooooooooooO000Frig300OOOOOO
goooooooooooooobooooooooooo
goooooboooooooboooboboooooooooooo
goooooboooboooooooboooooooooooo



gooo

HE

™ \; | T=15 | T=16 | T=17

00 05 1

Fig.5 The temperature dependence of the excess enthalpies of two component Lennard Jones fluids at PO 0.13.13)
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Fig.6 Schematic explanation for eq.(30).19

(a) The void space is made to insert the solute
molecule. The volume change of this step is
equal to the partial molar volume of solutes.
(b) The solute molecule is inserted into the space
made at the first step. Then, the solute molecule
interacts with solvent molecules around its solute
molecule.

(c) The solvent structure is changed by the
perturbation caused by the solute molecule.

(d) The actual dissolution process.
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Table 1 Partial molar enthalpies of solute molecules at p0d 0.1114, TO 0.8.19
In this table, U1, U2 and U3 are the second, third and forth terms of eq.(30), that is, Hr2, 0 pVy gy, 0
Ulo U200 U3. The molar enthalpy of system 2 cannot be calculated by using the PY integral equation because
the state of pure component B of system 2 at p00.1114, TO 0.8 is solid. Some mistakes are found in the
table 2 of the reference 15. The values of this table is corrected ones.

Partial molar enthalpies of B Molar enthalpies of B
system Higy, — PVeg, DUl u2 us He PVe Us Hg
1 05.80 0.130 5.93 011.86 0 05.80 0.130 05.93 0
2 09.95 0.0989 4.53 014.93 0.375 — — — —
3 00.41 0.172 7.86 07.90 0 0.543 00.237 0.516 00.754 00.18
4 05.67 0.219 10.02 0 15.09 00.82 05.76 0.222 05.98 0.09
5 05.70 0.0651 2.98 09.09 0.348 05.83 0.0668 05.90 0.13

system 1: €gg0 1.0, ogeO 1.0,
System 4: €gg0 10, Ol 12,
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