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Titration Calorimetry of Oil Solutions of Surface Active Substances

Ryo Murakami, Youichi Takata, and Makoto Aratono
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The thermodynamic equations that take account of aggregate formation in the oil solutions
were developed to analyze the enthalpy of mixing of an oil soluble substance with solvent oil
measured by the isothermal titration calorimetry (ITC). They were applied to the ITC results of
the oleyl alcohol-cyclohexane and -benzene mixtures. The enthalpy of aggregate formation of
the alcohol molecules was obtained as 0 1600 20 kd mol©! and thus the hydrogen-bonded
cyclic tetramer was supposed to be a predominant aggregate for the cyclohexane system. On
the other hand, the corresponding enthalpy of the benzene systems was 0 2 kJ mol®! and thus
a hand drum-shaped aggregate or normal micelle with small aggregation number and a large
quantity of solvation of the OH group was suggested.
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Fig.1 Therma power vs time curve of C8E5 at 283.15K.
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Fig.2 Differential enthalpy of solution of C8E5 vs total
molality curves: (1) TO 283.15, (2) 288.15, (3) 293.15,
(4) 298.15, (5) 303.15, (6) 308.15, (7) 313.15K.
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Fig.3 Thermal power vs time curve of cyclohexane
system at 298.15 K.
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Fig.4 Mixing process of oil and alcohol and definition
of the quantities used in the text.
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Fig.5 FT-IR Spectra of oleyl alcohol. (a) cyclohexane
solution: (1) msO 14.93, (2) 29.54, (3) 39.88,
(4) 50.11, (5) 59.14, (6) 68.97 mmol kgc'?, (b)
benzene solution: (1) ms0 19.92, (2) 58.38, (3)
119.3 mmol kgo!. ms is the molality of oleyl
alcohol in the cyclohexane or benzene solution.
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Fig.6 Enthalpy of mixing vs. molality curves of oleyl
alcohol (a) cyclohexane system: (1) TO 288.15,
(2) 293.15, (3) 298.15 K, (b) water-saturated
benzene system: (1) TO 288.15, (2) 293.15, (3)
298.15 K.
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ams at 298.15 K: (1) cyclohexane system, (2)
water-saturated benzene system: (o) ohM/dms,
(o) o hM/a ms.
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Fig.8 Partial molar enthalpy change of oleyl alcohol
vs. molality curves. (a) cyclohexane system:
(1) To 288.15, (2) 293.15, (3) 298.15 K, (b)
benzene system: (o) water-saturated benzene,
(e ) dry benzene: (1) TO 288.15, (2) 293.15,
(3) 298.15 K.
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Table 1 Enthalpy of aggregate formation.
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Fig.9 Nu vs. Ns curve in water-saturated benzene
solution of oleyl alcohol; NsO 8 corresponds to
ms0 102.4 mmol kgot.
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