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The double page insde thisform isto befilled in by all usersor groups of userswho have had
access to beam time for measurements at the ESRF.

Once completed, the report should be submitted eectronically to the User Office using the Electronic
Report Submission Application:

http://193.49.43.2: 8080/smis/servlet/User Util s?start
Reports supporting requests for additional beam time

Reports can now be submitted independently of new proposals — it is necessary Smply to indicate
the number of the report(s) supporting anew proposa on the proposa form.

The Review Committees reserve the right to rgect new proposas from groups who have not
reported on the use of beam time dlocated previoudy.

Reports on experiments relating to long term projects
Proposers awarded beam time for a long term project are required to submit an interim report at
the end of each yesar, irrespective of the number of shifts of beam time they have used.

Published papers

All users must give proper credit to ESRF staff members and proper mention to ESRF facilities
which were essentid for the results described in any ensuing publication.  Further, they are obliged
to send to the Joint ESRF/ ILL library the complete reference and the abstract of dl papers
gopearing in print, and resulting from the use of the ESRF.

Should you wish to make more general comments on the experiment, please note them on the User
Evauation Form, and send both the Report and the Eval uation Form to the User Office.

Deadlinesfor submission of Experimental Reports

- 1 March for experiments carried out up until June of the previous year;
- 1t September for experiments carried out up until January of the same year.

Instructionsfor preparing your Report

fill in aseparate form for each project or series of measurements.

type your report, in English.

include the reference number of the proposal to which the report refers.
make sure that the text, tables and figures fit into the space available,

if your work is published or isin press, you may prefer to paste in the abstract, and add full reference
details. If the abgract isin alanguage other than English, please include an English trandation.
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Report:

In continuation of our investigation of the Structure of the (104) cleavage surface of cacite with GIXRD techniques,
we measured in the firgt part of our beamtime for the first time CTRs of the completely hydrated cacite (10.4)
surface. The experimental data show additional peaks between the Bragg pesks of cacite, caused by an ordered
layer of water molecules on the surface.

In the second part of the experiment we measured CTRs of the freshly cleaved calcite (104) face covered by athin
film of benzoic acid solution, as well as the specular rod (O0L). Here the intengity of the measured CTRsis very
weak. Most of the rocking scans were not analysable because of the bad SIN ratio. The scattered intensity was
damped by the film of the buffered solution and by the mylar foil of the sample cell, which caused additiond diffuse
reflection. We were not able to obtain information about the arrangement of the adsorbed benzoic acid molecules on
the surface and their structure conformetion.

Experimental

The experiment was carried out a the surface diffraction beamline IDO3 a the ESRF. The incident X-ray beam,
generated by an undulator, was monochromatized with a sagitaly focusng Si(111) crystal monochromator and set to
an energy of 17.2 keV (0.7205 A waveength). An optical-qudity cacite sngle crystd was freshly cleaved in air into
pieces of about 11 mm x 9 mm x 4 mmin sze. A sample without opticaly visble steps and defects was selected and
mounted under a continous stream of N in an X-ray trangparent eectrochemica cell coupled to a sx-circle
diffractometer. The call was then closed with mylar foil and filled with solution (ultrapure water, buffered benzoic acid




solution) using a syringe. By generating an depression in the cdl by the syringe the mylar foil was sucked in reducing
the film thickness of solution between the sample surface and the fail.

The measurements of the CTRs were performed in vertical scattering geometry. The incoming beam was verticaly
focused to about 1 mm and horizontally defined by dits to about 0.2 mm at the sample position. The incidence angle
between the horizontally mounted sample surface and the X-ray beam was sdlected to 0.3°, close to the critica angle
of cdcite. The scattered beam was defined by a pair of dits in front of the detector set to 2 mm x 2 mm dong the
surface normd (vertical) and surface plane (horizontdl), respectively.

The integrated intengity of a given reflection was obtained by orienting the sample and detector to the respective
diffraction condition and then collecting the detector signa in a rocking scan around the surface normd at both sides
of the diffraction maximum. The intengity profiles were corrected for polarization, Lorentz- and experimenta factors,
fitted with a Lorentzian function and integrated after subtracting a linear background.

The andysis of the CTR data of the hydrated surface with the software ROD [1] is in progress. We use the
orthorhombic cadite unit cell, with cdl parameters a = 8.095 A, & = 4.990 A und & = 24.2864 A, to model the
bulk and the surface atom positions. Accordingly the (104) face of the hexagona system equals the (001) face of the
orthorhomic unit cdl. The (001) surface of the orthorhombic cell has the plane group pg with a glide plane symmetry
aong a-direction. The used surface cdll consigts of 8 layers of atoms (in z-direction), with 2 calcium and 2 carbonate
groups, respectively. The 1% ordered layer of watermolecules (2 per surface cdll) is positioned about 1 A above the
topmogt cdcite layer. Additiona layers of ordered watermolecules will be required to obtain a good fit of the
experimental data. Refined model parameters are the atom pogitions, rotation and deformation of the carbonate
groups, site occupation factors (sofs) and temperature factors of the atoms in the surface cdll and the watermolecules.

Hydrated calcite surface structure

We present here only premliminary results of the andyss of our data because of the short time between experiment
and report-deadline. The analysis of the Rocking scansin order to obtain the CTRs must be made very carefully and
istherefore rdatively timeconsuming.

With this experiment we have now completed the investigation of the surface structure of the (104) cdcite cleavage
surface as afunction of different stages of hydration. We obtained from our data of the last experimentd period for
the firg time a detailed picture of the minera/surface stucture on atomic scade of the cacite/water system with X-ray
diffraction methods. Our results show an increasing relaxation of the topmost surface layers due to the influence of
water. We observed alarge rotation of the topmost carbonate groups and a smdll tilt of these groups towards the
surface in contrast to the modd proposed by Fenter et d. derived from the one-dimensiond dectron dengtiy profile
of their X-ray reflectivity experiment [2]. We were able to obtain from our data aso information about the |atera
dructure of the ordered layer of water molecules on the cacite surface. In agreement with theoretical Smulations [3]
the water molecules are positioned in about 2.2 A distance above the Ca-ions completing the octahedral
coordination of Cawith O atoms. Because of the rotation of the topmost carbonate groups the Ca-O-octahedron on
the surface is strongly distorted. With increasing depth this rotation decreases due to the decreasing relaxation of the
structure. The bulk configuration is reached in the 4™ layer of the orthorhombic calcite surface cdll. A paper about
these resultsisin preparation and will be published as soon as possible in the European Journd of Minerdogy (EIM).
The present andyse of the data of the completely hydrated surface show a pronounced intensity between the Bragg
peaks of cacite. Figure 1 showsthe (2,1,L)-CTR of the calcite (104) surface as measured for the clean dry surface
(red points), the surface in a humid environment with 80% r.h. (blue diamonds) and the surface covered with athin
film of liquid water (black squares). The large difference between the three curves indicates a change in the Structure
of both surface and ordered water layer. We have no detailed information so far, but the andysisisin progress.
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Fig. 1. Experimental data of the (2,1,L)-CTR of the (104) cdcite surface under dry (red circles) and humid Nx-
atmosphere with 80% r.h. (blue diamonds) compared with the measured data of the completely hydrated surface
(black squares). The errorbars are only shown here for the CTR of the hydrated surface for higher clarity.
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