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This article is based on the award lecture of the Japan Society of Calorimetry and Thermal Analysis (JSCTA)
Award in 2022. Neutron scattering is a powerful experimental technique which is comprehensive with calorimetry. For
the last 20 years, my group has carried out both adiabatic calorimetric and various neutron scattering experiments for the
studies of various complex condensed systems. In the adiabatic calorimetry, the measurements of heat capacity and
enthalpy of absorption have been carried out. In the neutron scattering, powder diffraction, inelastic scattering, and
quasielastic scattering techniques have been utilized, each providing structural, vibrational/rotational excitation and
relaxational information. The basic knowledge of neutron scattering and its complementarity with thermal measurements
are described in the first part of the article. Then, as the examples, the hydrogen absorption and interstitial-sites
occupation in palladium nanocrystals, low-energy excitations (boson peaks) in vapor-deposited simple molecular glasses,
and diffusion dynamics of MOF (Metal-Organic Frameworks) based proton conductors, and intramolecular dynamics of
high-entropy liquids are described along with instruments used in their experiments.
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Fig.1 Schematic neutron scattering data.
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Fig.2 Schematic comparison between neutron and X-ray
scattering cross sections. “coh” and “inc” denote coherent and
incoherent, respectively.
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Fig.3 Crystal structure of PdH. Pd atoms are represented by
larger balls and two possible H atom sites, O-sites and T-sites, are
by smaller balls.
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Fig.4 Time evolution of enthalpy due to hydrogen absorption
for bulk and nano-crystalline Pd.
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Fig.5 Neutron diffraction pattern and results of Rietveld
analysis for PdD nanoparticles.
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Fig.6 Schematic sectional drawing of a calorimeter for vapor-
deposited samples.
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Fig.7 Heat capacities divided by cubed temperature for
crystalline and vapor-deposited glassy propene. Curves are
calculated based on the soft potential model.
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Fig.8 Vibrational density of states divided by squared frequency
for crystalline and vapor-deposited glassy propene. Curves are
calculated based on the soft potential model.
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Fig.9 Heat capacities of copper rubeanate HzdtoaCu and its
hydrates HodtoaCu - nH20 with two different amounts of water
absorbed in nano-pores. Heat capacity of ice is also plotted for
comparison.
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Fig.10 Intermediate scattering functions of copper rubeanate
measured with NSE at various temperatures across the transition
temperature (250 K).
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Fig.11  Arrhenius plot of copper rubeanate hydrate HxdtoaCu-
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Fig.12 A model of the phase transition of copper rubeanate
hydrate. Water molecules are condensed on the wall surface of
nano-pores in the low-temperature phase.

Fig.13 Molecular structure of 3,5-C¢C10-TPP, which is in a
liquid state at room temperature as shown in the photograph.
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Fig.14  Heat capacities of 3,5-C¢Cio-TPP and 2,5-C¢C10-TPP.
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