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High Pressure Solubility and Partial Molar Volume of
Hydrophobic Hydration

Sawamura Seiji

(Received Nov. 10, 2009; Accepted Jan. 5, 2010)

Partial molar volumes of hydrophobic solutes such as alkylbenzenes, naphthalene, etc. in
water estimated from high-pressure solubility have been reviewed. We found positive volume
changes (AnmV) for the hydrophobic hydration though only negative ones have been observed
for a long time since Kauzmann (1959), and also found that the ApyV increases changing the
sign from negative to positive as a rotational diameter of the solutes increases from methylene
group (0.50 nm) to anthracene (0.67 nm). Another feature for the hydrophobic hydration is
negative isothermal compressibility of the partial molar volume of hydrophobic solutes in
water. But we found it is positive for naphthalene, anthracene, etc. in water. These results
make us see the hydrophobic hydration in perspective. High-pressure solubility is an useful
method to estimate the partial molar volume for insoluble solutes, e.g., naphthalene in water,
for which a vibrating-tube densitometer is useless.
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Fig.1 V< of aliphatic compounds in water at 0.10 MPa
and 298.2 K.
@, H(CH,),OH®; A, HO(CH;),OH®10;
M, H(CH»),0C,H,OH!"-12; w, H(CH2),NH3Br'3.
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Fig.2 (V*—16.1n) vs. n for several organic compounds
at 0.10 MPa and 298.2 K.'» O, H(CH»),OH in
CCl4'»; [, H(CH2),OH in benzene!>; A,
H(CH»),OH in C,HsOH!'5; v, H(CH2)nBr in
CCl,'9; <, H(CH»),H in CCl4!"; @, H(CH,),OH
in H,O%; a, HO(CH,),OH in H,0%!"; W,
H(CH,),0C,H,OH in H,0!!12; W, H(CH,),NH;Br
in H,O'®).
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Fig.3 Temperature dependence of V> of -CH,- group

(a), benzene (b), toluene (c), and ethylbenzene
(d) in water at 0.10 MPa , normalized to 298.2
K.2D

@, H(CH,),OH8-10.2229); A H(CH,),COONa?9;
M, H(CH,),NH;CI2»; ¥ H(CH,),NH3Br's); @,
H(CH,),O(CH,),OH!12; 4 , HO(CH>),OH%!10);
O, Ref. 26; [J, Ref. 27; A, Ref. 28.
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Fig.4 V= vs.n for H(CH,),OH in water at 0.10 MPa.!®
O, Ref. 29; [, Ref. 30; A, Ref. 9; V, Ref. 31.
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Fig.5 Adiabatic (xs*) and isothermal (k7*) compres-
sibilities of the partial molar volume in water
at 0.10 MPa.2h A, methylene group; B, phenyl
group3032); -« v - , Ks*% ——, kr*. Plots are ks
for methylene groups (O, H(CH»),OH?%2%3D;
A, HO(CH,),0H*231; [, H(CH2),0C2H4sOH!D;
<>, H(CH,),CH(OH)CH;3";

YV, H(CH;),CH(NH;)COOH?30-32);

<, HoN(CH,),COOH3%»
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Fig.6  Solubility of ethylbenzene in water.2D)
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Fig.7 Partial molar volume of ethylbenzene in water.2!)
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Fig.8 Vi and Vi, of ethylbenzene in water, normalized
to 400 MPa and 298.2 K.'» —, Vi =+ -, Vi
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Fig.9 Logarithm of the solubility of naphthalene (&),*?
anthracene (O)*» and phenanthrene (@)*® in
water at 298.2 K.
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Fig.10 A,V of aromatic hydrocarbons and n-alcohols at
298.2 K and 0.10 MPa.*» n: carbon-atom number
of the solutes. Series 1: n-alcohols (n = 1~

5). Series 2: benzene and toluene (n =6 and 7).

Series 3: benzene, naphthalene, anthracene

(+ 1.4 cm3 mol!') and phenanthrene (+ 4.1

(n = 6, 10, 14, and 14). Series 4:

benzene and biphenyl (n =6 and 12).
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Fig.11 dAuwV/dn vs. dio for the series of hydrophobic
molecules shown in Fig.10.4 @, series 1 and
2: W, series 3; A, series 4. 1 shows the largest

inner diameter of clathrate hydrate.
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