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In the past 40 years, several types of solution calorimeters have been designed and constructed in my laboratory.
Suitable construction type and detection principle were selected for each calorimeter considering required precision,
measurement purpose, term for development and costs or fund. Improved Picker’s type flow calorimeter was designed
to measure excess heat capacity with “direct mixing” mode, which was enabled by making two flow paths in the each
flow cells. Twin conduction type of flow microcalorimeters were developed for excess enthalpy of binary liquid, and
enthalpy of dilution of polymer solution taking account of high accuracy and precision. A simple isoperibol calorimeter
for heat of solution was constructed using a Dewar vessel to write a text book for undergraduate student at first, however
this prototype was succeeded to development of the research level adiabatic one. To visualize the “calorie” of food or
fuel, simple combustion calorimeter was assembled using thermometer, stirrer, beaker and flask to record the movie for
scientific TV program. In those developing of calorimeter, suitable type of detection, mixing or reaction manner and
construction details have been selected to save time and money for construction, and those viewpoints will be important
to familiarize means of calorimetry to the scientific research and industrial analysis.

Keywords: flow microcalorimeter, conduction calorimeter, adiabatic calorimeter, excess enthalpy, excess heat capacity,
enthalpy of solution
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Fig.1 Typical thermogram obtained by isoperibol calorimeter
measureing enthalpy of dissolution. Solute was mixed to solvent
at point b, Baseline a — b of before mixing and cooling curve ¢ —
d of after mixing were extended to the estimation time to evaluate
L of imaginary adiabatic change of temperature on mixing.
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Fig.2 Schematic diagram of flow calorimeter for measuring
heat capacity of liquid. 7" and P denote temperature and heating
power.

(b)

(c)

Fig.3 Flow system of calorimeter. S and R denote sample and
reference cells, respectively. (a) is mode for calibration of heat
loss, (b) is delay mode (Picker’s normal mode) and (c) is direct
mixing mode for excess heat capacity measurement.
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Fig.4 Excess molar heat capacities Cp® for water(l) +
ethanol(2) mixture at 298.15 K. ®: Ogawa ef a/, A: Arnaud et al,
A: Benson et al, o: Grolier et al.
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Fig.5 Bottom (A) and side (B) view of flow calorimetric unit
for enthalpy of mixing. Parts: a, waterproof vessel; b and ¢, main
and sub heat sink block; d and e, mixing and reference cell; f,
thermomodule; g, temperature sensor, 4 and i, heat exchanger
with water thermostat bath and heat block.
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Fig.6 Perspective of the flow mixing cell of 50 mm width and 5
mm thickness. Parts: a, mixing tube with several friction; b,
mixing port; ¢, manganin wire heater for electrical calibration; d,
copper frame; e, epoxy resin containing copper powder.
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Fig.10 Plots of apparent enthalpies of solvation AsovH of cata-
condensed aromatic hydrocarbons, O or poly phenyls, A in
NMP solvent against the number of carbon atoms in solute
molecule at 298.15 K.
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Fig.11 A simple isoperibol calorimeter for heat of dissolution.
Symbols, a to f are described in text.

Fig.12

Photo of simple calorimeter for enthalpy of combustion.
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