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g® I % = The Intermolecular Structure in Aqueous Amino Acid Solutions by Neutron
Diffraction, X-ray Diffraction, and Molecular Dynarmics Simulation Methods

Structural properties of hydrated amino acid molecules in aqueous solutions
have long been a matter of interest for extensive fields of chemical and biological
sciences. In this study, | describe the details of intermolecular structure in several
amino‘ acid solutions by neutron diffraction, X-ray diffraction, and molecular
dynamics simulation methods.

Neutron diffraction measurements have been carried out on agueous 4 mol%
glycine solutions. The H/D isotopic substitution technique was applied to both
methylene-hydrogen (H,) and water-hydrogen (My) atoms in order o obtain
information concerning the hydration structure around the methylene group within
the glycine molecule. Structural parameters for the first hydration shell of the
methylene-hydrogen atoms were. determined as ry,0,,~ 2.64(1) A and ry H,~
2.88(1) A from the least squares filting analyses of the observed first-order
difference funt;tion, oHAH(Q), énd the partial structure factor, aHMHW(Q), respectively.
The first hydration shell of the methylene group involves ca. 2 water molecules per
one glycine malecule. From these results, it was freshly indicated that the orientation
of water molecules around the methylene group is not random.

X-ray diffraction measurements have been carried out for 2.5 mol% DL- and
L-alanine heavy water solutions in order to investigate the difference in
intermolecular hydrogen-bonded structure between solutions involving amino acid

molecules with different optical activities. The difference distribution function, Ag(n),
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clearly indicates negative peak at 2.8 A. This peak corresponds to the nearest
neighbor O-O interaction. The nearest neighbor distance and coordination number
are obtained to be 2.81(1) A and -0.043(1), respectively. It is concluded that the
intermolecular hydrogen bonds among solvent water molecules in the L-alanine
solution are ca. 2 % stronger than those in the DL-alanine solution.

Molecular dynamics simulations have aiso been carried out for 1 and 2.5
mol% DL-, L-, and D-alanine solutions in heavy water in order to investigate the
difference in intermolecﬁlar structure between solutions involving amino acid
molecules with different obticai activities. The difference partial distribution function
between 2.5 mol% DL-alanine and L- or D-alanine solutions, Agiin, Eﬂdicaté
negative peaks for the nearest neighbor Oyw-Dyy, Dw-Dyy, and Ow-Oyy pairs (Owy
and Dyy denote the oxygen and deuterium atoms within the heavy water molecule).
it is concluded that the intermolecular hydrogen bonds among solvent water
molecules in the 2.5 mol% L-, or D-alanine solution are ca. 1% stronger than those
in the 2.5 mol% DL-alanine solution. From the results by X-ray diffraction
measurements and molecular dynamics simulations, it is concluded that the
difference in intermolecuiar structure exists between solutions involving amino acid

molecules with different optical activities certainly.
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