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Cyclic Oligomers via Hydrogen Bonds in Organic Liquids
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Molecular association is ubiquitous in hydrogen-bonding (H-bonding) liquids and is believed to play crucial roles in the
determination of their physical properties. Although systems consisting of small and simple molecules are generally preferable for
detailed studies from the basic point of view, this is not the case here because such molecules possibly form extending network
and/or chains through H-bonds, thus resulting in complexity and difficulty. Based on a thermodynamic discussion, a simple model is
proposed of associating liquids in which small cyclic oligomers are preferably formed. Characteristic temperature dependences in
thermodynamic, dielectric and spectroscopic (FT-IR and 'H NMR) properties of liquids of some alcohols with bulky substituents are
well described by the model.
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Fig.1 Schematic representation of six states assumed in the
model. An arrow with a single head represents a hydroxy group
in a molecule.
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Scheme 1 Molecular structures.
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Fig.2 Crystal structure of TCHM at room temperature in the
paraelectric phase. Alcoholic hydrogen atoms (shadowed)
attached to the oxygen atom (filled) were split into two with a
nearly equal occupancy due to positional disorder.
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Fig.3 Heat capacities (left axis) of TCHM (circle and plus) and
DCHM (square and cross). Those of crystals I and II and
isotropic liquid (IL) of cyclohexane®9 are also shown by solid
lines for comparison (right axis).
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Fig.4 (a) IR spectra of liquid and liquid quenched glass of
DCHM at various temperatures (solid line) and of the crystal at
300 K (broken line). (b) Normalized intensity of the OH
stretching band at ca. 3400 cm’ (circles) and population of OH
bonds participating in H-bonds calculated according to the
model (dotted line).
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Fig.5 Measured heat capacities of liquids and liquid quenched
glass of DCHM by modulated DSC (circles, left axis) and the
excess heat capacity calculated according to the model (dotted
line, right axis).
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Fig.6 Relative dielectric permittivity of liquid and liquid
quenched glass of DCHM measured at 1 kHz (circles) and
calculated according to the model (dotted line).
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Fig.7 Temperature dependence of contributions to relative
dielectric permittivity by monomer, dimer, and open trimer (a)
and population of molecules involved in different aggregates
calculated according to the model (b). The structures of
aggregates are schematically indicated using bold arrows.
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Fig.8 'HNMR spectrum of 1P1C liquid at 349 K
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1P1C in the range of the hydroxyl proton.
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Fig.10 Relative intensities of deconvoluted '"H NMR signals of
liquid 1P1C arising from hydroxyl protons in different
environments (symbols), and those according to the model
(lines).  Xpens, circle and solid line; Xgyaigh, Square and dotted
line; X,,, diamond and broken line. For definitions of X’s, see
the text.
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