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A simple design of quasi-conduction type of calorimeter has been developed and constructed using cheap parts

and commercially available equipment to measure enthalpy of dissolution, titration or mixing of liquid easily. Heat
change of the calorimeter could be calculated from detected temperature change on mixing of liquids by Wheatstone
bridge circuit with thermistor temperature sensor. Resolution and reproducibility were estimated to be less than 0.03 J in
observed heat and 0.6 %, respectively, from linearity test using the calibration heater. Result of enthalpy of dissolution
of 1-propanol in water at infinite dilution was 10.52 kJ mol~!, which agreed with TUPAC standard value within 3.5 %.
To demonstrate the applicability to education, academic study and industrial development, the apparatus was used in
three types of measurements. From the study of enthalpy of dissolution of ethanol in aqueous salt solution, weakened
solvation enthalpy of ethanol in water was observed by adding CaClz rather than adding MgCl.. In application of titration
measurement for neutralization of acid with aqueous NaOH base, oxalic acid and phosphoric acid show different values
for equivalent neutralization heat at each different dissociation step of ionization equilibrium. In the measurement of
enthalpy of mixing, endothermic heat was detected for mixing of LiCl + NaCl aqueous solutions, regardless of
exothermic heat for LiCl + all the other salts.

Keywords: Quasi-Conduction Type Solution Calorimeter, Enthalpy of Dissolution, Enthalpy of Neutralization, Titration
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Fig.1 Principle diagram of quasi-conduction type of calorimeter
for liquid solution. A grass flask set in the water thermostat is used
as a solution cell. Heat conducted to outside from inside of the
cell, O is proportional to the temperature difference between
inside and outside of the cell, Ti-To.
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Fig.2 Design of calorimetric unit of constructed quasi-
conduction calorimeter for solution. Parts; a: syringe-pump, b:
gas-tight syringe, c: heat exchanger of inlet tube, d: 30 mL
Erlenmeyer flask with Silicone rubber plug, e: 100 Q metal film
resistor in Tefron tube, f: thermistor probe in 2.0 mm¢ glass tube,
h: waterproof stirrer, g: Tefron rotor.
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Fig.3 Plotof-In(AV/AV,) of cooling thermogram after electrical
heating against time, ¢ to estimate the time constant of the cell

according to Eq.10 in the text.
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Fig.4 Recorded thermogram obtained at measurement of
enthalpy of dissolution of 1-propanol in water by constructed
calorimeter.
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Fig.5 Linearity between electrical joule heat, Ok and integrated
values of output difference from baseline, S obtained for
constructed calorimeter.
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Fig.6 Deviation plot of the electrical calibration constant, Qk /S
from the average value against the electrical heat, Qk.
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Fig.7 Plot of molar enthalpy of dissolution of 1-propanol,

A H_in water at 298.15 K measured by constructed calorimeter
with IUPAC value'? against molarity of 1-propanol, mprom.
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Fig.8 Plots of average values of molar enthalpies of dissolution
of ethanol, A_ H_ at dilute concentration in aqueous salt solution
at 298.15 K against molarity of salt, m,,. Salts; O: MgCla, A:
CaCl..
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Fig.9 Plots of molar enthalpies of dissolution of ethanol, A_ H _
in aqueous salt solutions at 298.15 K against molarity of ethanol,
meon. Solvents; X: water, O:5 % MgClz, @: 10 % MgClz, A: 5%
CaClz, A: 10 % CaCl»
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Fig.10 Plots of integrated enthalpies of neutralization of molar
proton in acid, A H against molar ratio of NaOH to proton, nv/np

at 298.15 K. Acid; O: HCI, A: (COOH)2, W: H3POa.



=103

A, o.H /KJ mol!

Fig.11 Plots of integrated enthalpies of neutralization of molar
proton in acid, A _H against pH of solution after titration at

298.15 K. Acid; O: HCl, A: (COOH)2, M: H5POa.

(ny/n,) 1%
0 100 200 300
1
Ol HRA = ]
I m®
g -1t Cy
= []
2ot
£ 3t .
5. o
S50
ﬁOOoOO
0 [REA2AN \ANA
-7

Fig.12 Plots of enthalpies change per mole of base added, AH
/dny against molar ratio of NaOH to proton, nw/np at 298.15 K.
Acid; O: HCl, A: (COOH)2, W: H3POs.
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Fig.13 Plots of enthalpies of mixing of aqueous solutions of
alkali metal chloride per mole of salt, A . Hn against mole

fraction of LiCl at 298.15 K. Molarity of all component solution
is 1.000 mol kg™'.
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Fig.14 Correlation between enthalpies of mixing of aqueous
solutions of alkali metal chloride per mole of salt, A . Hm at

equimolar mixture and effective nuclear charge Z* of alkali metal
calculated by Slater's rules.
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