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Density and Sound Velocity Measurements of Mixtures

— A Viewpoint of Molecular Shapes and

Orientations Owing to Non-isotropic Interactions —

Katsutoshi Tamura

(Received September 4, 2002; Accepted October 21, 2002)

Molecular shape and dipole moment causing non-isotropic interactions are very important
for analyzing the mixing states of liquid mixture. They affect the curves of excess volume, excess
isentropic and isothermal compressibilities, and the other excess properties through the molecular
packing in both the mixtures and the pure liquids. Molecules far from a simple globule orient
in unfavorable ways to make their volumes increase in mixtures and pure liquids, and flexible
linear molecules squeeze into the room arisen from the packing of bulky molecules. Dipole
moments on the molecules orient in the way restricted by various molecular shapes.
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Fig.1 Excess volumes of the mixtures containing non-
polar liquids alone. O; x cyclohexaned (10 x)
benzene, O ; x cyclohexaned (10 x) toluene, O;
x methylcyclohexaned (10x) benzene, O ;
methylcyclohexaned (10 x) toluene, o ; X n-
heptaned (10 X) benzene, e ; x tetrachlorocarbon O
(10 x) benzene.
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Fig.2 Excess isentropic compressibilities of the mixtures
containing non-polar liquids alone. o ; X
cyclohexaned (10 x) benzene, O ; x cyclohexane
0(10x) toluene, 0O; x methylcyclohexanen (10
X) benzene, 0 ; methylcyclohexaned (10 X) toluene,
0 ; X n-heptaned (10 x) benzene, o
tetrachlorocarbonC (10 x) benzene.

;X

Table 1 Excess enthalpies of polar liquids with non-
polar liquids.

excess
polar liquid enthal py reference
HmE/Jmol o1 (at max.)

non-polar liquid

cyclohexanone cyclohexane 900 9
n-heptane 1210 9
2-butanone cyclohexane 1300 3
n-heptane 1340 21
1,2-dimethoxyethane  cyclohexane 1160 22
n-hexane 1160 22
1,4-dioxane cyclohexane 1560 23
n-heptane 1640 24
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Fig.3 Excess volumes of the mixtures containing

cyclohexanone; o ; x cyclohexanoned (10 x)
cyclohexane, m ; x cyclohexanoned (10 Xx)
methylcyclohexane, 0; x cyclohexanoned (10 x)
n-heptane, O; x cyclohexanoned (10 x) benzene,
v ; x cyclohexanoneO (10 x) toluene, a; X
cyclohexanoned (10 x) chlorobenzene, 0O ; X
cyclohexanoned (10x) 1,4-dioxane, O ; X
cyclohexanone (10 x) 1,2-dimethoxyethane, O;
x cyclohexanone (10 x) 2-butanone.
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Fig.4 Excess volumes of the mixtures containing 2-
butanone; o, x 2-butanone (10 x) cyclohexane,
m ; X 2-butanoned (10 x) methylcyclohexane, O;
X 2-butanone (10 x) n-heptane, O; 2-btanonel
(10 x) benzene, v; x 2-butanone (10 X) toluene,
A; X 2-butanoned (10 x) chlorobenzene, O; x 2-
butanoneC (10 x) 1,4-dioxane, 0O; x 2-butanone
0(10x), and O; x 1,4-dioxaned (10 x) 1,2-
dimethoxyethane.
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Fig.5 Excessisentropic compressibilities of the mixtures
containing cyclohexanone; o ; x cyclohexanone
0(10 x) cyclohexane,0; x cyclohexanoned (10 x)
methylcyclohexane, 0; x cyclohexanoned (10 x)
n-heptane, O; x cyclohexanoned (10 x) benzene,
v ; X cyclohexanoned (10 x) toluene, a; X
cyclohexanoned (10 x) chlorobenzene, O ; X
cyclohexanoned (10 x) 1,4-dioxane, O ; X
cyclohexanoned (10 x) 1,2-dimethoxyethane, = ;
x cyclohexanone (10 x) 2-butanone.
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Fig.6 Excess isentropic compressibilities of the mixtures
containing 2-butanone; o, x 2-butanoned (10
X) cyclohexane, m ; x 2-butanoned (10 Xx)
methylcyclohexane, O; x 2-butanone (10 x)
n-heptane, 0; 2-btanoned (10 x) benzene, v; x
2-butanone (10 x) toluene, a; X 2-butanoned
(10 x) chlorobenzene, O0; x 2-butanoned (10 x)
1,4-dioxane, O; X 2-butanoneC (10 x), and O;
x 1,4-dioxaned (10 x) 1,2-dimethoxyethane.
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Fig.7 Excess volumes of the mixtures containing water;
o ; X 2-ethoxyethanol O (10 x) water, O; x 2-
isopropoxyethanol 0 (10 x) water, O ; X 2-
isobutoxyethanolO (10 x) water, O ; X
dimethylsulfoxide, O; x acetonitriled (10 x)
water.
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Fig.8 Excess isentropic compressibilities of the mixtures
containing water; o ; x 2-ethoxyethanol 0 (10 x)
water, 0; X 2-isopropoxyethanol 0 (10 x) water,
0; x 2-isobutoxyethanol O (10 x) water, O; X
dimethylsulfoxide, O; x acetonitriled (10 x)
water.

6. DOOoOoOoOooooOoo

gooO0O0O00Onon-polar00000O00O0O0COOOO
Joo0o0o00o00000polar00O00O0O0OODOO
oooveEOOOoOOoOooooooooooooooooo
net-work 0 0O O00O000000000COCOOOOO
000000 0polaaD00O0O0O0OOCOOOODOODOO
000000000000 0OFig7000000000OVKE
gooooboooooooooboooooooooooo
goooooobooooooobOOooooooooooo
gooooooooooaveeobooooooobooooo
goooooooooooooboooooooooooo
gooooooooooooooboooooooooooo
gooooooooooooooboooooobooooo
gooooboooooooooboooooooooooo
gooooooooooooooOoboboOoooooboooobo
goooooboooooooooboooooooooboooo
go0ooo0o0oo0oooOoO0ooDOooOoomess 0d
00000oO0o00DoO0o000000 ksED Fig8OO
goooooooooobooooboooboobobooooooo

gooo

Non-polar OO0 000 polar OO0 O0OOOOOO0OOOO

Netsu Sokutei 29050 2002 223

O00o0oo0000choricOO00OO0O0OOODOOOOO
gooooobooooooboobobooooooooooo
gooooooooOoooOooe» 0000000000
gobooooooooogoo

goog

1) K. Tamura, S. Murakami, and S. Doi, J. Chem.
Thermodyn. 17, 325 (1985).

2) K. Tamura, Fluid Phase Equilibria 182, 303 (2001).

3) K. Tamura, J. Chem. Thermodyn. 33, 1345 (2001).

4) K. Ohomuro, K. Tamura, and S. Murakami, J. Chem.
Thermodyn. 19, 163 (1987).

5) K. Ohomuro, K. Tamura, and S. Murakami, J. Chem.
Thermodyn. 19, 171 (1987).

6) K. Tamura and A. Osaki, Thermochim. Acta 352-
354, 11 (2000).

7) K. Ohomuro, K. Tamura, and S. Murakami, J. Chem.
Thermodyn. 29, 287 (1997).

8) K. Nishikawa, K. Ohomuro, K. Tamura, and S.
Murakami, Thermochim. Acta 267, 323 (1995).

9) K. Nishikawa, K. Tamura, and S. Murakami, J.
Chem. Thermodyn. 30, 229 (1998).

10) Y. Koga and K. Tamura, OO0 (Netsu Sokutei)
27, 195 (2000).

11) K. Tamura, J. Therm. Anal. Cal. 57, 759 (1999).

12) K. Tamura, A. Osaki, and Y. Koga, Phys. Chem.
Chem. Phys. 1, 121 (1999).

13) K. Tamura, J. Hu, C. Trandum, P. westh, C. A.
Haynes, and Y. Koga, Phys. Chem. Chem. Phys.
2, 355 (2000).

14) P. de St. Romain, H. T. Van, and D. Patterson, J.
Chem. Soc., Faraday Trans. |. 75, 1700 and 1707
(1979).

15) J. C. Cobos, Fluid Phase Equilibria 133, 105 (1997).

16) DOOOOOOOOODOOOOO 3, 13 (1985).

17) O. Kiyohara, C. J. Halpin, and G. C. Benson, J.
Chem. Thermodyn. 10, 849 (1978).

18) G. C. Benson and O. Kiyohara, J. Chem. Thermodyn.
11, 1061 (1979).

19) K. Tamura, K. Ohomuro, and S. Murakami, J. Chem.
Thermodyn. 16, 121 (1984).

20) M. Takenaka, R. Tanaka, and S. Murakami, J. Chem.
Themodyn. 14, 399 (1982).

21) O. Kiyohara, Y. P. Handa, and G. C. Benson, J.
Chem. Thermodyn. 11, 453 (1979).

22) A. de Torre, I. Velasco, S. Otin, and C. Gutierrez
Losa, J. Chem. Thermodyn. 12, 87 (1980)

23) T. Takigawa, H. Ogawa, K. Tamura, and S.
Murakami, Fluid Phase Equilibria 136, 257 (1997).



24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

gooo

A. Inglese, E. Wilhelm, J.-P. E. Grolier, and H.
V. Kehiaian, J. Chem. Thermodyn. 12, 217 (1980).
D. Patterson, Pure Appl. Chem. 47, 305 (1976).
P. Tancrede, P. Bothorel, P. de St. Romain, and
D. Patterson, J. Chem. Soc., Faraday Trans. Il.
73, 15 (1977).

P. Tancrede, D. Patterson, and P. Bothorel, J. Chem.
Soc., Faraday Trans. Il. 73, 29 (1977).

M. Barba and D. Patterson, J. Phys. Chem. 82, 40
(1978).

K. Tamura and T. Yamasawa, J. Therm. Anal. Cal.
69, 849-863 (2002).

S. Baluja, T. Matsuo, and K. Tamura, J. Chem.
Thermodyn. 33, 1545 (2001).

K. Miyai, M. Nakamura, K. Tamura, and S.
Murakami, J. Solution Chem. 26, 973 (1997).

K. Tamura, S. Tabata, and S. Murakami, J. Chem.
Thermodyn. 30, 1319 (1998).

K. Tamura, T. Sonoda, and S. Murakami, J. Solution
Chem. 28, 777 (1999).

S. Doi, K. Tamura, and S. Murakami, J. Chem.
Thermodyn. 32, 729 (2000).

K. Tamura, M. Nakamura, and S. Murakami, J.
Solution Chem. 26, 1199 (1997).

S. Fujii, K. Tamura, and S. Murakami, Thermochim.
Acta 257, 1 (1995).

224

goog

oooooo0ooOoooooOoooooOoooooo
0oo00ooO0oooOooOoooooOooUOooOooooo
0000000000000 0ONon-polar 00000 polar
O000000packingDOOOOOOOOOOCDOODO
000000000000 ONon-polarDOOOOOODO
O0000Opolar D0 OOD0OOOCOOOO non-polar0
O0000Doo0000polarDO00O0OOOOODOOOO
Oo0ooooooooooooooo

OJo000  Katsutoshi Tamura

gO0o00obOOoooooooooooo
0o0ooooooooogadd, Former
Associate Professor, Graduate School
of Science, Osaka City Univ., TEL. 072-
824-0119, FAX. 072-824-0119, e-mail:

tamrak67@deluxe.ocn.ne.jp

gooooooooooooon
goooooooooooooooog

Netsu Sokutei 290502002



