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Report:

The present experiment takes place within a particular aim of our group which is to study hydrogen
bond through a large spectrum of systems such as urea [1], ice I, [2], NH4F [present work] or water (proposal
deposited). The NH4F experiment follows directly the one performed on ice I, since both materials are
important examples of cooperative systems containing moderately strong hydrogen bond. Moreover, NH4F is
isomorphic to ice with an hexagonal structure in the polar space group P6s;mc and hydrogen bonds are weaker
in this system than in ice.

The experiment has been performed with the scattering angle settled at 173 degrees and the
synchrotron radiation has been monochromatized to 29 keV. Crystals have been oriented in such a way that
one could measure Compton profiles along a and ¢ axis.

The data sets have been corrected for energy dependent effects such as photoelectric absorption in
sample, analyser and air (photon path between sample, analyser and detector). Since the only electrons of
interest are valence electrons, calculated core Compton profile has been subtracted from the total profiles
using QSCF approximation [3]. The resulting valence profiles were then normalized to the number of valence
electrons, and corrected from the multiple scattering contribution.

In order to examine the effects of hydrogen bonding, we first have measured anisotropies (Joaxis—
Jauxis) @ this difference of measured Compton profiles is virtually free from systematic errors. Moreover, what
remains in the anisotropy is dominated by wave function phase coherence among neighboring molecules
through the hydrogen bond. The second way to analyse experimental results is to take the power spectrum of
the anisotropy defined above : it allows us to come back to real space and get information on coherent
electronic interaction in real space which may modulate Compton profile in momentum space.

Both ice and NH4F globaly exhibit same features and modulations in their anisotropies. The difference
in amplitude may result from the more isotropic character of NH4F, which in other terms reflects a weaker



hydrogen bond. We notice that both anisotropies differ in the low momentum part which carries the
information on the more delocalized electrons, thus in particular hydrogen electron.
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Figure 1- on the left : anisotropy between profiles measured along ¢ and a axis with counting statistics error
bars; on the right : power spectrum of the measured anisotropy

Y données
expérimentales

1.2F

—_— rodélisation

08F quantique

=== maodélisation
électrostatique

6

Anistropy (%)

electron momentum, p,

Figure 2 - anisotropy measured on ice between profiles measured along ¢ and a axis with couting statistic errors [2].
In the quadrant : power spectrum of the ice measured anisotropy.

We compare both power spectrum obtained in ice and NH4F. S. Ragot and coworkers [4] shown that
the first peak at 1.6 A is due to electronic correlations. In the case of ice, ED Isaacs and coworkers attributed
the second and third peaks to real space distances respectively between two oxygen atoms and between
oxygen and hydrogen in a H-bond. What is observed in NH4F is that the second peak may reflect the F"H
distance while third and fourth peaks are roughly at the same positions that in ice.

B. Barbiellini is currently performing new calculations on hydrogen bond. They will be applied to
NHyF and thus will help us both to analyse NH4F results alone and to compare results obtained for ice and
NHy4F. From such a comparison should arise a more detailed understanding about the charge transfer within
hydrogen bond.
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