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Assoc Prof  MORITA, Akihiro Institute for Molecular Science, Japan, 25–26 January 2006
Prof  KLEIN, Michael L University of Pennsylvania, USA, 16 June 2006
Prof  GANGULY, Tapan Indian Association for the Cultivation of Science, India, 23 August 2006

Structure and dynamics of a variety of ionic and nonionic solutions of physical, chemical, and biological interests are 
systematically studied by NMR and computer simulations from ambient to extreme conditions. High pressures and high 
temperatures are employed to shed light on microscopic controlling factors for the structure and dynamics of solutions. 
Static and dynamic NMR of endocrine disruptors, anesthetics, peptides, and proteins in model and cell membranes are 
also investigated.
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Kinetic and Equilibrium Study on the  
Formic Acid Decomposition in Relation  
to the Water-Gas-Shift Reaction

Kinetics and equilibrium are studied on the hydrother-
mal decarbonylation and decarboxylation of formic acid, 
the intermediate of the water-gas-shift (WGS) reaction, 
in hot water at temperatures of 170-330 °C, in order to 
 understand and control the hydrothermal WGS reaction 
(Figure 1). 1H and 13C NMR spectroscopy is applied to 
analyze as a function of time the quenched reaction 
 mixtures both in the liquid and gas phases. Only the 
 decarbonylation is catalyzed by HCl, and the reaction is 
first order with respect to both [H+] and [HCOOH]. 
 Consequently, the reaction without HCl is first and a half 
(1.5th) order due to the unsuppressed ionization of formic 
acid. The HCl-accelerated decarbonylation path can thus 
be separated in time from the decarboxylation. The rate 
and equilibrium constants for the decarbonylation are 
 determined separately by using the Henry constant (gas 
solubility data) for carbon monoxide in hot water. The rate 
constant for the decarbonylation is 1.5×10–5, 2.0×10–4, 
3.7×10–3, and 6.3×10–2 mol–1 kg s–1, respectively, at 170, 
200, 240, and 280 °C on the liquid branch of the saturation 
curve. The Arrhenius plot of the decarbonylation is linear 
and gives the activation energy as 146 ± 3 kJ mol–1. The 
equilibrium constant KCO = [CO] / [HCOOH] is 0.15, 
0.33, 0.80, and 4.2, respectively, at 170, 200, 240, and 
280 °C. The van’t Hoff plot results in the enthalpy change 
of ∆H = 58 ± 6 kJ mol–1. The decarboxylation rate is also 
measured at 200-330 °C both in acidic and basic condi-
tions. The rate is weakly dependent on the solution pH 
and is of the order of 10–4 mol kg–1 s–1 at 330 °C. Further-
more, the equilibrium constant KCO2 = [CO2][H2] / 
[HCOOH] is estimated to be 1.0 ×102 mol kg–1 at 330 °C.

Figure 1. Reaction scheme of water-gas-shift reaction.

Slowdown of H/D Exchange Reaction Rate  
and Water Dynamics in Ionic Liquid: 
Deactivation of Solitary Water Solvated by 
Small Anions in 1-Butyl-3-Methyl-Imidazolium 
Chloride

The H/D exchange reaction (Figure 2) and the rotational 
dynamics of heavy water (D2O) are studied at 50 °C in the 
room-temperature ionic liquid, 1-butyl-3-methylimidazo-
lium chloride ([bmim][Cl]), in the D2O range of 3–55 M. 
The initial H/D exchange rates are observed as 1×10–7, 
4.5×10–6, 1.0×10–5, 4.1×10–5, 1.1×10–4 and 3.7×10–4 s–1, 
 respectively, at [D2O] of 2.8, 7.1, 8.1, 10.8, 15, and 25 M. 
The rate is very slow and less than 10–5 s–1 at [D2O] below 
~7 M. It steeply increases to the order of 10–4 s–1 for 7 M 
< [D2O] < 10 M, and linearly increases with [D2O] in the 
more water-rich region. The intercept of the linear region 
at [D2O] = ~9 M is interpreted by considering that each 
chloride anion deactivates 1.6 equivalent water molecules 
due to the strong solvation (Figure 3). Correspondingly, 
the rotational correlation time of D2O at [D2O] < 7 M is 
one order of magnitude larger than that in water-rich 
 conditions.

Figure 2. H/D exchange reaction scheme of [bmim] cation.

Figure 3. Schematic draw of the solvation of water by chloride anions.
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