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Investigation of a method to determine distances between carbon atoms using
solid-state NMR for structural analysis of amorphous samples
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In this project, in order to enable the structural analysis of amorphous
materials using solid-state NMR, methods for determination of distances between carbon atoms (C-C
distance) have been investigated for the purpose of improving distance information. Summary of the
results obtained in this project is shown in the following, (1) Analytical formula to calculate
exchange rates between carbon-13 atoms in 2D exchange NMR, which is applied for the C-C distance
determination, was derived. Using the formula, C-C distances could be obtained with an accuracy of 3
% or less of the corresponding distances obtained by X-ray diffraction (X-ray distance) in two
carbon-13 atoms directly bonded to each other. (2) In Valine whose one carbon atom was labeled on
carbon-13, the four C-C distances between a carboxy carbon and other carbons were obtained with an
accuracy of 12 % or less of the corresponding X-ray distances.
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0.006 3 1.52
0.0125 4 1.57
0.025 5 1.59
0.05 6 1.59
0.075 7 1.6
0.1 8 1.61
0:15 9 1.63
0.2 10 1.64
0.3 11 1.66
0.4 12 1.67
0.6 13 1.69
0.8 14 1.71
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