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Abstract

Phase transition and molecular dynamics of three kinds of water confined with nanoscale spaces was
studied by solid-state NMR and DSC. Firstly, water confined with spherical mesoporous silica SBA-
16 was investigated. Rotational correlation time of water confined with spherical mesopores of SBA-
16 followed Vogel-Fulcher-Tammann relation. Water in micropores of SBA-16 frozen at nearly 200
K. Above 200 K, activation energy of water in micropores exhibited anomaly large values (63-114
kJ/mol), which was interpreted as non-Arrhenius behavior. Secondly, water in sodium chloride
aqueous solution confined with SBA-16 was investigated. Rotational correlation time of water in
solution confined with SBA-16 followed Arrhenius relation. Water in spherical mesopore and
micropore simultaneously froze at nearly 190 K in the high concentration region. Lastly, hydration
water in proteins (bovine serum albumin) crystal was investigated. 180° flip and reorientation of water
were observed between 220 K and 190 K. Freezing of the 180° flip of water molecules near the protein

was observed around glass transition temperature (7 = 110 K).
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Fig. 1 (a) The image of mesoporous silica SBA-16 (b) The structure of Bovine
Serum Albumin(BSA) [Protein Data Bank Japan (PDBj) PDB ID 3V03]
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Table 1 The pore parameter of SBA-16 prepared in this study.

SBA-16(45)  SBA-16(65)  SBA-16(80)  SBA-16(100)  SBA-16(120)

Diameter of spherical

4.6 7.0 7.8 8.0 11.0

mesopore (nm)
Ratio of micro pore 0.468 0.462 0.366 0.317 0.053

Diameter of

0.72 0.80 0.90 1.0 1.0>

micro pore (nm)
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Fig. 3 (a) Temperature dependence of area intensity of sharp component of 2H NMR spectra of
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D,0 confined in SBA-16. Numbers near the curves show the temperatures (°C) at which samples
formed. HNT is the homogeneous nucleation temperature determined from DSC measurements.
(b) shows the derivatives of the curves in the low temperature range of (a).
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Fig. 7 (a) Temperature dependence of 2H NMR signal intensity of sharp component for deuterated 0.0-
4.0 M sodium chloride aqueous solution confined with SBA-16. The signal intensity was normalized by
the signal intensity at 238 K. The horizontal broken line shows ratio of the spherical mesopore, the inter-
connecting channel and corona-like micropore obtained by measurement for 0.0 M (heavy water) sample.
(b) Difference between cooled and heated measurements of (a).
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