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Water confined in nanometer-sized space exhibits unique dynamic behavior different form bulk
water, depending on dimensionality and size of the space. In this paper, we focus on heavy water
confined in one- and two-dimensional spaces, and present the dynamic behaviors of heavy water
molecules, which are revealed by Nuclear Magnetic Resonance (NMR) study, in
tris(ethylenediamine)cobalt (lll) chloride racemic hydrate crystal, (*)-[Co(en)s]Cls-nD20, and
activated carbon fiber (ACF). In ()-[Co(en):]Cls:-nD20, average number of hydrogen bonds per
molecule increases as confinement of D20 into the 1D nanochannel, and crossover of the proton
transfer mechanism takes place from the Vehicle
mechanism, in which molecular diffusion mainly
plays the proton transfer, to the Grotthuss

1D Nanochannel
(£)-[Co(en);]Cl; nD,0

R R R . . ¢ & Crossover of proton (¢ g &
mechanism, in which molecular reorientation © P transfermechanism|
mediates the proton transfer. In ACF, there is solid- AT : @.° &
liquid transition of the confined D20 in the c e % Vehicle mechaniem
nanospace. In the liquid region, the pore-size * o
independent and small activation energies of D.0 ‘v:: ¢ 112 o2 o
reorientation suggested the local structure of D20 <h b L Grotthuss mechanism
chz:racterlzled Iloy CII:Ste:; consll_ztlng c!f sevgrz(a)l v 2D Nanoslit
water molecules. In € solid region, 2 Activated carbon fiber (ACF)

dominantly underwent a tetrahedral jump in
ACF20A (1.1 nm), and a wr-flipping in ACF10A (0.7
nm). The activation energy of each molecular
motion evaluated the average number of hydrogen
bonds per molecule to be 1.6 and 3.1, respectively.
These facts suggests that hydrogen bonds is
considerably defective in ACF20A, whereas in
ACF10A hydrogen bonds well developed by bi-
layered 2D ice formation.

Well-developed hydrogen bonds
by bi-layered 2D ice formation
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Figure 1. Structure of racemic [Co(en)s]Cls-
3H20; view along c-axis (a), schematic drawing
of 1D nanochannel (b), and water occupation
sites (c). Red, grey, white, and green balls
represent oxygen, carbon, hydrogen, and
chlorine atoms, respectively, and purple

octahedrons represent coordination of Co(lll)
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Figure 2. Water desorption isotherm of

racemic [Co(en)s]Cls-3H20 at 295 K.
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Figure 3. "H MAS NMR spectrum of racemic
[Co(en)s]Cl3-nD20 measured at 293 K under

the sample spinning rate of 5 kHz.
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Figure 4. The temperature dependence of the
line widths (ayMss) in 'H MAS-NMR spectrum
of racemic-[Co(en)s]Cls- nD20 with n = 2.3 (O)
and 3.7 (A ). The solid and broken lines
represent the theoretical line widths. An inset
represents the temperature dependence of 'H
MAS-NMR spectrum for the specimen with n =
2.3.
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Figure 5. The water-content (n) dependence of
Ea for proton transfer in 1D nanochannel of

racemic-[Co(en)s]Cls- nD20.
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Figure 6. Schematic representation of psedo-

2D slit-type nanospace of ACF.
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Figure 7. 2H-NMR spectrum of D20 in ACF nanospace; the observed spectrum in 20A (a), the

simulated spectrum under a tetrahedral jump (b), the observed spectrum in 10A (c), and the simulated

spectrum under a T1-flip motion (d). The k value represents the rate constant of D20 motion.
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Figure 9. Arrhenius plot of rate constant of
D20 molecule in ACF; ACF20A (O) and
ACF10A (@).
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