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Neutron scattering is a powerful experimental technique which is comprehensive with calorimetry. For the last
20 years, we have carried out both adiabatic calorimetric and various neutron scattering experiments. 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, excitation and relaxational information. The present article shows several examples of the works
on phase transitions of hydrogen-bonded systems, hydrogen absorption and interstitial-sites occupation in palladium
nanocrystals, low-energy excitations (boson peaks) in vapor-deposited simple molecular glasses, and diffusion
dynamics of imidazolium-based ionic liquids. These examples clearly show the complementarity between the
calorimetry and neutron scattering.
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Fig.1 Schematic neutron scattering data.
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Table 1 Neutron scattering cross sections for the atoms which
appear in the examples of this article.

b: barn, 1 barmn = 107" m

atom Geon (D) Oing (D)
'H 1.76 79.9
‘D 5.59 205
C 5.55 0
N 11.01 05
0 4.23 0
F 4.02 0.0008
P 3.31 0.005
S 1.02 0.007
Cl 115 53
K 1.69 0.27
Se 7.98 0.32
Pd 439 0.093
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Fig.2 Heat capacities of Rb;H(SO,), and Rb3;D(SOy),.
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Fig.3 (a) Neutron powder diffraction patterns of Ks;H(SeO,),
and K;D(SeQy),. (b) Crystal structure and Fourier maps around
O-D-O and O-H-O hydrogen bonds of K;H(SeO4), and
K3D(S€O4)2.

Fig.4 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.5 Time evolution of enthalpy due to hydrogen absorption
for bulk and nano-crystalline Pd.
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Fig.6 Neutron diffraction pattern and results of Rietveld
analysis for PdD nanoparticles.
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Fig.7 Schematic sectional drawing of a calorimeter for
vapor-deposited samples.

T OEBREIT O 2, HEAOWBIIBES D L ki
By oA4A2E Y FUE L8R L, 20O 5, KrEUE
AR OWHEAN % Fig7 (27T, B QW EREE S
DEHIT, REEIIZ B OWEBECIHEN, HBEID-D
DIETRERLHARANY 7 AR ST WD, Wk & 77
B, AL v FIC K0 ZEE RSB A S & B TR~
FICEf S E D 2 N TED L, WEARBERDOAND
REF2a—TENEICHEATESEZLTHD, ARENE
RRZIE, BUBIRZRIIMEE A~y R DUV EEL, BT =
—ZITREIRR N BB & 2 L T, IEARIER EHRT D,
FEFRELH 7 A4 A A% v FOBBILZ 2 TIIEAKT 5
D, EORGETEE LY EMTHD, ik, BrEuikiE
WEMEZRN L, FPETIEIER ICEEENEVO T, EEO
FVE T IGEL SRR & RIRRIZ, JEA 05 mm FREOT LI =
DRONRT DT LDEABNMEZ LN THD,

3.5 T T T

T
Raw Data

® As-deposited
3.01 ® Annealed |
® Crystal
L Calculated §
¥ 25 —— As-deposited
~ —— Annealed
g 20
~
m
— 1.5
Q
© 1.0
0.51 VD-propene |
0.0 1 1 1 1
0 5 10 15 20 25

T/K
Fig.8 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.9 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.10 Heat capacities of alkylmethylimidazolium ionic
liquids around glass transition temperatures.
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