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High Resolution Mixing Calorimetry (HRMC) redivivus.
2. Structure developing of aqueous solutions by mixing experiments.

MOTTO: Material science without calorimetry is blind.

HRMC was intensively used in the period of 1983-1992 especially for structure developing of water
and aqueous solutions by mixing experiments [1-4]. The main result of these experiments was the
evidence of their composite structure even in liquid state. Many colleagues of mine have been
interested for this analytical technique requiring tests on their products (pharmaceuticals, catalytic
systems, cements, tensides, etc.) and the results were effectively used to optimize technologies and
were exposed in classified technical reports. However, HRMC was not extended as routine
procedure in other labs. In general calorimetry is neglected by scientists because material science
was subsequently dominated by different “fashions” of more and more sophisticated and expensive
techniques: UV-vis-IR spectrometry, diffraction/scattering techniques, electron microscopy, etc.
Some mixing experiments on water and aqueous solutions were reproduced and presented in the
present note by using absolute ethanol (EtOH) as structure developer. The principle of such
experiments consists in the fact that the developer reacts mainly with the so called amorphous phase
of the solutions under test in competition with solutes evidencing the strength of solute-water
structures. Figure 1 shows the cross section in the calorimetric cell used for these experiments. All
experiments were performed at room temperature (2342 °C) and at the same sensitivity of measuring
ac-bridge. The quantities and symbols used were defined in the previous presentation [5]. Figure 2
shows mixing thermograms obtained for several saturated solutions, Figure 3 of successively diluted
solutions from saturated solution of MgS04.7H20 (0.8 dilution rate = 4 mL of solution from which
0.5 mL was extracted and replaced by water as next dilution) and Figure 4 of glycerol solutions.
Excepting for the 60 % vol glycerol all mixing processes are exothermal and the energy increases
with water content showing that the amorphous phase of water is structured in specific manner by
solutes. It results that glycerol forms with water more stable structures than ionic salts and this is in
good agreement with specific heat results (see the previous and next notes).Figure 5 shows that the
change from exo- to endothermal behavior occurs at approximately 52.9 %vol glycerol. Figure 6
shows that SR1 = E/hp is practically the same for all tested aqueous solutions excepting for some
subsequently diluted solutions of Na2SO4anh from the saturated one.

Figures 7-12 show the main parameters defined from mixing thermograms as a function of solute
concentration (1 is saturated solution) for subsequent dilutions of MgS0O4.7H20O-sat which appears
having the most stable water structures = low concentration of free/amorphous water in the
considered series of saturated ionic salts solutions (saturated solution of Na2CQO3anh is in the
opposite place). The relative scattered points in the graphs reveal the unstable structural coherency
mainly determined by the fact that solutions are tested shortly after their preparation [4]. In view to
evidence the kinetics of structural coherency it is necessary to perform identical mixing experiments
during annealing time. Solutions (not only saturated ones) form crystals after long annealing time.

Conclusion: Mixing experiments by HRMC technique is highly efficient tool evidencing the
composite structure and structural coherency of any kind of test specimen in solid, liquid and gas
state by using specific structural developers.
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