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Calorimetric Investigations of Molecular Recognition in Solution
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In order to clarify the molecular recognition appeared as total of the interaction between
molecules in solution, it is very important to understand the interaction between molecules
based on the slightly different in the molecular structure. Excess enthalpies of systems of
enantiomers, o-, m-, p-isomers, isotopes have been measured by precise microcalorimetry. The
results were contributed to verify the solution theory and summarize between the structures of
the molecules constituted solution and the properties of solution. The major interactions of
these systems were classified from cohesive energy density or dipole-dipole interaction parameters.
Moreover, the effect of non-polar interactions and polar interactions were clarified from the
enthalpies of mixing with amphipathic FAMSO and DMSO and compounds which designed
systematically polar functional groups and non-polar ones such as aliphatic compounds, and the
results about the molecular structure of the aliphatic compound in solution were introduced.
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Fig.1 Enthalpies of mixing of (1 —x)1,4-dimethylbenzene
+x 1,3-dimethylbenzene at 298.15 K. O, titration
calorimeter[6]; [, batch calorimeter[6]; &, flow

calorimeter; @, isothermal displacement calorimeter.
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Fig.2 Enthalpies of mixing of (1 —x)1,4-dimethylbenzene

+ x 1,2-dimethylbenzene at 298.15 K. O, this
calorimeter; A, flow calorimeter; @, isothermal
displacement calorimeter.
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Fig.3 Two mirror image molecules cannot be

superposed onto each other.
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Fig.4 Excess enthalpies of (1 —x)(R)-enantiomer + x(§)-

enantiomer at 298.15 K. W, 3-Chloro-propane-1,2-
diol; [, Propane-1,2-diol; ™, 2-Methyl-1,4-
butanediol; [, Octan-2-ol; K, Nonan-2-0l; @,
Heptan-2-ol; O, 2-Hydroxy-succinic acid dimethyl
ester; &, 2-Amino-butan-1-ol; @ 2-Hydroxy-
propionic acid methyl ester; @®, 4-Chloro-3-
hydroxy-butyric acid ethyl ester; A, 3,7-Dimethyl-
oct-6-enal; A, 5-Isopropenyl-2-methyl-cyclohex-
2-enone; A, 4-Isopropenyl-1-methyl-cyclohexene;
V¥, 1-Phenyl-ethylamine; “,1-Phenyl-ethanol;
%, 2-Chloromethyl-oxirane; ¥y, (2,2-Dimethyl-
[1,3]dioxolan-4-yl)-methanol; # , 4-Methyl-
[1,3]dioxolan-2-one.
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Fig.5 Correlation between excess enthalpy of mixing
at equimolar concentration and cohesive energy
density. 1, benzyl-(1-phenyl-ethyl)-amine; 2, 1-
phenyl-ethylamine; 3, 1-phenyl-ethanol; 4, butyric
acid oxiranylmethyl ester; 5, 4-methyl-[1,3]-
dioxolan-2-one; 6, 2-chloromethyloxirane; 7, 3-
hydroxyisobutyric acid methyl ester; 8, heptan-
2-ol; 9, octan-2-ol; 10, nonan-2-ol; 11, 3-chloro-
propane-1,2-diol; 12, 2-hydroxy-propionic acid
methyl ester; 13, 2,6,6-trimethyl-bicycle-[3.1.1]-
hept-2-ene; 14, (2,2-dimethyl-[1,3] dioxolan-4-yl)-
methanol; 15, 8-bromo-2,6-dimethyl-oct-2-ene; 16,
17, 5-
isopropenyl-2-methyl-cyclohex-2-enone; 18, 2-
methyl-1,4-butanediol; 19, propane-1,2-diol.
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Fig.6 Correlation between the enthalpy of mixing at

equimolar mixture of enantiomers and attraction
force. O, alcohol systems; @, amine systems.
Solid and dotted arrows show coordinate axes
of alcohols and amines, respectively.
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Fig.7 Correlation between the enthalpies of mixing at
equimolarcomposition at 298.15 K and
intermolecular interaction energies of bond
dipoles of chiral molecules. CSE: the

contributions of the stabilization energies to the
molecular steric energies due to bond moments.
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Fig.8 Comparison of the enthalpies of mixing of
(1 —fp) tartaric acid + fp tartaric acid ethanol
at different concentration ethanol

solutions. @, 0.5 %; A, 1 %; ¥, 5 %.

solution
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Fig.9 Excess enthalpies of mixing of (1 —f) R-
limonene and f S-limonene at 298.15 K. Limonene
concentration in ethanol solution. (a) @, 0.5 mol%;
O, 1.0 mol%; A, 3.0 mol%; A, 10 mol%. (b) @,
30 mol%; <, 50 mol%; %, 70 mol%; broken line,
100 mol%[7].
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Fig.10 Excess enthalpies of mixing of hetero chiral

compounds in ethanol solution at equimolar
concentration (fs 0.5). @, limonene; O,
camphor; [, 2,3-dihydroxyl-butanedioic acid.
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Fig.11 Enthalpies of mixing of (1 —x)o-isomer + xm-isomer
at 298.15 K. [, dimethylbenzene; M, diethylbenzene;
@, dimethoxybenzene; O, difluorobenzene; A,

dichlorobenzene; A , dibromobenzene; V¥

fluoromethylbenzene; ¥, chloromethylbenzene; 4,
bromomethylbenzene; <>, iodomethylbenzene; 4,
methoxymethylbenzene; <, chloro-fluorobenzene; P,
bromofluorobenzene; D, iodofluorobenzene; Yy,
fluoromethoxybenzene; ®, fluoronitrobenzene; %,
aminofluorobenzene.
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Fig.13 Excess enthalpies of isotopes mixtures of methanols
at 298.15 K. O, (1 —x)CH;0D + xCH;0H; .
(1 —x)CH30D + xCD;OD; @, (1 —x)CD;OD +
xCH;3;0H.
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Fig.14 Correlation between partial molar excess

enthalpies of aliphatic nitrile (@, O), alcohol (I,
[]) amine (A, A), FAMSO or DMSO and number
of methylene group of aliphatic compounds.
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Fig.15 Correlation between partial molar excess

enthalpies at infinite dilution and dipole-dipole
interaction energies{ti2l22/(r1 +1r2)°} of aliphatic
nitriles + FAMSO or + DMSO. @, HE~
(FAMSO); A, H:E= (FAMSO); O, HiE~ (DMSO);
2, HyE~ (DMSO).
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Fig.16 Correlation between partial molar excess

enthalpies at infinite dilution and dipole-Induced
dipole interactions{ (o2 + o2 pt12)/(r1 +r2)°} of
aromatic compounds + FAMSO or + DMSO.
@, H b~ (FAMSO); A, H.E= (FAMSO); O, H(E>
(DMSO); A, HE= (DMSO).
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Fig.17 Correlation between partial molar enthaplies of
infinite dilution in DMSO and number of methylene
groups of aliphatic compounds. 1, H(CH»),CHzs;
2, H(CH»).CsHs; 3, H(CH»),CN; 4, H(CH»),OH;
5, H(CH2),NHa.
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