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The properties of water confined in porous materials are different from those of the bulk due to the confinement
effect and the interaction with the pore wall of the material. The thermal behavior, structure, and dynamics of water
confined in mesoporous silica (MCM-41) and polymer gel (Sephadex G15) were investigated by differential scanning
calorimetry (DSC), X-ray scattering, and neutron scattering, respectively. Water confined in MCM-41 with a pore
diameter of 21 A does not freeze even when it is cooled to 180 K. However, the tetrahedral-like network structure of
water (ice-like structure) is developed at a low temperature. Furthermore, confined water strongly interacts with the
hydrophilic surface of MCM-41 pore. The dynamics of the unfrozen water shows a crossover from non-Arrhenius type
behavior to Arrhenius type one, implying a liquid-liquid phase transition. Sephadex G15 has a wide pore size distribution
unlike MCM-41. Hence, there are three states of water in the polymer gel: free water, freezable bound water, and unfrozen
water. Water molecules in G15 gels are more strongly bound to the hydroxyl groups of the gel matrix compared with the

case of the porous silica.
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Fig.1 DSC curves of water confined in MCM-41 and SBA-15
with various pore diameters.®
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Fig.2 Differential radial distribution function of water
confined in MCM-41 C14 (2.83 A).1»
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Fig.3 Temperature dependence of coordination number of
the water-water interactions for water confined in MCM-41
C10 (2.04 A) and C14 (2.83 A) 'O
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Fig.4 Intermediate scattering functions for water confined in
MCM-41 C10 at Q= 17 nm™' 19
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Fig.5 Temperature dependence of the relaxation time of

water confined in MCM-41 C10.'7
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Table 1 Activation energy, Ea, obtained from Arrhenius plots of translational diffusion coefficients, Duans, residence time, to,
and rotational correlation time, 11, for water molecules confined in MCM-41 and Ph-PMO, and bulk water. '

Ea(Drrans)/kJ mol™! Ea (10)/kJ mol™! Ea (11)/k] mol™! Refs
MCM-41 C14 21.6 28.7 15.6 12
Ph-PMO 17.2+0.9 20.0+1.8 13.0+ 1.0 13
Bulk 179+ 0.9 259+ 1.8 13.5+0.8 14
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Fig.6 Schematic representation of Sephadex G-type gels.'®
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4. BhHhYIz

FFLAA BHIAAIZE THVZ MCM-41 O & 5 7Rl VBE 2 7
D% D, Sephadex G15 D X 5 72K D EIZIS U THIALY A X
DET DN VEZROLORD S, AiEIZITELT
A FX°> MOF 72 EOfEd MM BN b & Eh, Hix RBiEE A
TEOMERRBE SN TS, BHEITE 7 BENHBOMIL
R, AREESFEOBEEL WD, ISR
ROVHIFLKR B HFTEL T D, BIXIE, BEOA A kIR oK
B (ISR ETEEOHETRELYE D) 1B T
R EE CIIAK D TV INER 2R L TR L TV T B, 2
DOARAEITEE DO BE S AR 72 A FLIZ K 3B LA D BT
HEEZDIENTE D, ZOXHITHFLKIIZILIZ DT
D, TOMWELRL-TWDEEXDL XD, ITFE, Lk
O CREE L e o T D R — MRSy EE) GRiR Ny <A B
TR DAL, WHEETAT 284 2D bl
KEBHELRH DD E LILZawy,

X MRECGELFS K OV T EREL I E 2> B 1T AR & E & D
DTDOEAT I T AWM G OERPELNDEHN, B —LD
WREIERAL D ZEBE OFE ] LR B v, —J7, BGlE
TIEZEMBE IS SN0, R BEAEH DIt
SEDOHEAY I BEH L TWASTOBREEODE W 2 S
AT 52 ERARETH D, HELHEE 72 D OB E OFH
R 72 R ASFLAK 72 & DAL — R OREOAREIZE S Z
ENRTEDLERDNLS,
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