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[ Abstract] Theoretical analysis by the multicomponent molecular orbital (MC_MO) method
was performed on the hydrogen nuclear shielding tensors of the solid, liquid and gas phases of
water. By comparing the conventional MO calculation, the hydrogen nuclear quantum effect
incorporated in MC_MO calculation increased the isotropic magnetic shielding value for
water vapor to yield a reasonable correspondence with the experimental value. MC_MO also
provided the isotropic and anisotropic magnetic shielding values for ice agreed better with the
experimental values than MO. For liquid water, the polarized continuum model (PCM) and
the cluster model were employed, but both were far apart from the correspondence with
experimental shielding values. It was demonstrated that the combination of PCM, cluster
model and MC_MO might enable to calculate these values, and provide an insight into the
temperature dependence of them.
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Table 1. Isotropic (Ciso) and anisotropic (Oani) proton magnetic shielding values of water evaluated by
computation (MP2 and MC_MP2) and experiment [ppm]. High-level theoretical anisotropic value of gaseous
water [2] is shown in parenthesis instead of the unavailable experimental value. For liquid water, computational
values by PCM / cluster model are shown.

Gas Solid (Ice Ih) Liquid (27°C)
Giso Oani Giso Gani Oiso Gani
MP2 31.0 20.3 25.0 31.9 29.5/24.7 21.8/33.1
MC_MP2 30.1 19.1 22.6 33.0 28.5/23.2 20.7/34.1
Exptl.[3] 301 | (19.1) | 211 34.2 25.7 27.4
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Fig. 1. Isotropic and anisotropic proton magnetic
shielding values of liquid water.



