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Mourning the Passing of Emer. Prof. Hiroshi Suga

Professor Emeritus Hiroshi Suga of Osaka University, who also served as the Director
of the Thermodynamics Research Center, passed away on December 5, 2025, at the age
of 95. We express our sincere condolences.

Suga graduated from the Department of Chemistry at the Faculty of Science, Osaka
University, in 1953, and chose the laboratory of Prof. Isamu Nitta, who was making
remarkable contributions in the field of X-ray crystallography, for his graduation research.
Prof. Nitta believed that research using X-ray structural analysis was only one side of the
story, and that studies on “structure” and “energy” must progress like the two wheels of
a car. He took the position that the most fundamental aspect of energy research is
“chemical thermodynamics”, and under this principle, research on low-temperature heat
capacity measurements was initiated by Assoc. Prof. Syuzo Seki and Dr. Suga.

After Prof. Nitta retired in 1960, Assoc. Prof. Seki was promoted to the full Professor
and Dr. Suga remained in his research group as an assistant. They began full-scale
research into the energy and entropy aspects of matter. Suga learned of the existence of
the vacuum insulated calorimeter developed by E. F. Westrum Jr. et al. in literature, and
was so impressed by its high accuracy and precision that he designed and constructed a
similar calorimeter. It became an excellent experimental device that could determine the
absolute values of thermodynamic quantities such as enthalpy and entropy. Fortunately,
in 1959, a university-wide shared ultra-low temperature laboratory was established in the
Faculty of Science, making it possible to use liquid helium and liquid hydrogen. This
allowed for full-scale measurements of heat capacity at ultra-low temperatures, and they
conducted ambitious research on various phase transitions and phenomena related to glass
transitions. Research on plastic crystals has become particularly active. When a liquid is
rapidly cooled, it can sometimes freeze into a so-called glassy state, where the positions
of the molecules remain disordered. However, Seki and Suga and their colleagues
discovered, ahead of the rest of the world, that when substances in a liquid crystalline
state are rapidly cooled, the centers of mass of the molecules remain orderly while their
orientations are disordered, approaching 0 K, and that residual entropy can be observed,
contrary to the third law of thermodynamics. They proposed a groundbreaking new
concept called the “Glassy Crystal”. This is the discovery of a molecular aggregate state
that combines the seemingly contradictory concepts of crystal and glass.



After Prof. Seki retired in 1979, Suga became Prof. of the Laboratory of Condensed
Matter. Suga conducted numerous outstanding studies on thermal properties, but what is
particularly noteworthy is the discovery and realization of “Ordered Ice”. When water is
cooled, it forms hexagonal ice under atmospheric pressure. In 1936, W. F. Giauque
measured the heat capacity of ice down to 10 K and found that although no anomalies
were observed in the heat capacity, there existed a residual entropy of 3.4 J K~! mol!.
The question of why ice does not comply with the third law of thermodynamics puzzled
scientists around the world. Regarding ice, there are the famous ice rules of Bernal and
Fowler. Following these ice rules, L. C. Pauling calculated the residual entropy to be 3.37
J K-! mol~!, which closely matched the experimentally measured residual entropy.

It became clear that the cause of the residual entropy is based on the disorder in the
orientation of water molecules, but why a state of order in which the hydrogen atoms
settle into fixed positions does not occur remained a major mystery. Suga and his
colleagues remeasured the heat capacity of hexagonal ice. As a result, a slight bulge in
the heat capacity was observed around 110 K, and continuing annealing near that
temperature somewhat increased this bulge, exhibiting behavior characteristic of a glass
transition. They discovered that hexagonal ice could also become a glassy crystal, and
clarified that the glass transition is due to the freezing of the reorientation motion of water
molecules. However, it was found from relaxation time analysis that achieving a fully
ordered crystal with ordered hydrogen atoms would require thousands of years, making
an ice with fully aligned water molecule orientations an unattainable “phantom ice”.

For ordered ice to form, H>O molecules need to be oriented in a regular manner. Within
ice, there are D (Doppel) defects, where two hydrogen atoms exist in a single hydrogen
bond, and L (Leer) defects, where no hydrogen atom is present. It is believed that as these
defects move through the crystal, they cause the surrounding water molecules to adopt a
regular orientation. However, the number of these defects decreases rapidly as the
temperature drops. Suga came across a paper stating that “doping with potassium
hydroxide (KOH) shifts the temperature at which dielectric relaxation in ice occurs to
much lower temperatures”. He got extremely excited at the idea that KOH might act like
a catalyst in a chemical reaction, contributing to the formation of an orderly arrangement
of water molecules. In KOH, L-defects with one less hydrogen than H>O are created, and
since this is artificially doped, the defect concentration never decreases even when the
temperature drops. After examining the effects of various impurity doping, Suga and his
colleagues ultimately conducted heat capacity measurements of ice containing 0.01
mol dm= KOH and observed a sharp peak at 72 K corresponding to a first-order phase
transition. The change in entropy was 2.3 J K~! mol™!, accounting for 68 % of the residual
entropy. Since this transition temperature remained constant regardless of the type of
alkali or dopant concentration, it was concluded that the intrinsic phase transition of ice
was observed due to the removal of kinetic barriers.

Suga used heavy water ice samples and, through neutron diffraction experiments
conducted in collaboration with A. J. Leadbetter of the United Kingdom, clarified the
ordered structure and named it “Ice XI”. Its crystal system was orthorhombic. All
previously discovered ice polymorphs were high-pressure stable phases under applied
pressure, but the Ice XI was discovered under normal pressure by promoting the
movement of hydrogen atoms through the catalytic effect of a minute amount of dopant,
representing a completely different approach. It was remarkable that a perturbation using
chemical potential achieved a reduction in relaxation time by several orders of magnitude.



Realizing the so-called elusive ice, known as ordered ice, was a great achievement, and
Suga and his team’s research received tremendous acclaim from around the world.

In recognition of these outstanding achievements, Suga received the Huffman
Memorial Award from the American Calorimetry Conference (1992), the Kurnakov
Medal from the Russian Academy of Sciences (1994), the Japan Academy Prize (1995),
the Swietoslawski Medal from the Polish Society of Calorimetry (1997), and the
SETARAM-ICTAC Award (2004), among others.

At his final lecture before retirement, he said, “You may forget my name. But please
make sure to remember the symbols we learned in thermodynamics: H (enthalpy), S
(entropy), U (internal energy), G (Gibbs free energy), and 4 (Helmholtz free energy)”.
This was met with enthusiastic applause and laughter. Prof. Suga’s unique sense of humor
left a strong impression. He was delighted to feel that, from his very name, he had a
natural and fateful connection with chemical thermodynamics. He retired in 1993 and was
granted the title of Professor Emeritus. We sincerely pray for the repose of Professor
Suga’s soul.

(by M. Sorai)



