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We investigate chemical phenomena in condensed phases. (1) To understand the chemical structure, property and 
reactions in a two-dimensional molecular aggregate, the keywords of molecular interactions and orientation are focused 
on, and the fluctuated molecular aggregates are investigated by using originally developed spectroscopic and theoretical 
techniques. (2) The structure, dynamics, and reaction of solu-
tions with nano-scale inhomogeneity and/or with fine tunability 
are investigated by computer simulation, and statistical-
mechanical theory of solutions, and NMR spectroscopy.
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Analysis of Hydration Process and Rotational 
Dynamics of Water in a Nafion Membrane 
Studied by 1H NMR Spectroscopy

1H NMR spectroscopy is employed to reveal the hydra-
tion process of a Nafion membrane by measuring both the 
chemical shift and the spin-lattice relaxation time. In a 
former study, the hydration process was suggested to com-
prise two steps: the molecular adsorption of water on the 
sulfonic acid groups, and wetting with liquid water. The 
present study has revealed the first step can further be 
divided into two steps. By introducing a new experimental 
technique, the quantitatively reliable NMR measurements 
of protons (1H) of water involved in the polymer mem-
brane are realized. In addition, a new analytical procedure 
is developed using a reciprocal concentration on a saturation-
adsorption model, and the hydration is clearly revealed to 
have three individual steps. Both the chemical shift and 
the relaxation time plots against the reciprocal concentra-
tion exhibit three linear parts with apparently different 
slopes. Of great interest is that the initial hydration is 
divided into two stages: the first hydration is a very strong 
adsorption of water probably on the hydroxyl group of the 
sulfonic acid group, and the second one is a relatively 
weak adsorption on another site of the sulfonic acid group. 
The third hydration is readily assigned to excess bulk 
(liquid-like) water as expected. These adsorption processes 
are readily correlated with the rotational motion of water 
by converting the spin-lattice relaxation time to the rota-
tional correlation time. 

Free-Energy Analysis of Water Affinity in 
Polymer

Affinity of small molecule to polymer is an essential 
property for designing polymer materials with tuned 
permeability. In the present work, we develop a computa-
tional approach to the free energy DG of binding a small 
solute molecule into polymer using the atomistic molecu-
lar dynamics (MD) simulation combined with the method 
of energy representation. The binding free energy DG is 
obtained by viewing a single polymer as a collection of 
segments and employing an approximate functional con-
structed from distribution functions of the interaction 
energy between solute and the segment obtained from MD 
simulation. The binding of water is then examined against 
9 typical polymers. The relationship is addressed between 
the segment size and the calculated DG, and a useful 
segment size is identified to compromise the performance 
of the free-energy functional and the sampling efficiency. 
It is found with the appropriate segment size that the DG 
convergence at a statistical error of ∼0.2 kcal/mol is 
reached at ∼4 ns of replica-exchange MD of the water-
polymer system and that the mean absolute deviation of 
the computational DG from the experimental is 0.5 kcal/
mol. The connection is further discussed between the 
polymer structure and the thermodynamic DG.

Figure 1. The spin-lattice relaxation rate (R1) plotted against the recipro-
cal concentration of proton.

Figure 2. Comparison between the calculated free energies DGcal and the 
ex- perimental ones DGexp. The solid line represents the least-square fit 
expressed as DGcal = 1.0 DGexp + 0.5. The error bar is expressed at 95% 
confidence limit (twice the standard error), and is smaller than the size of 
data symbol when it is not seen. 




