
Charge density of SnO2

T. Lippmann

Institute of Materials Research, HZG Centre for Materials and Coastal Research,
Max–Planck–Str. 1, 21502 Geesthacht, Germany.

A charge density investigation of Cassiterite, stannic oxide,SnO2 has been performed at the Engi-
neering Materials Science beamline Harwi–II using 100 keV radiation.SnO2 is interesting, because
it crystallizes in the rutile structure, where a lot of reference data is available, e.g. [1], but investi-
gations of Sn compounds are rare so far [2, 3]. The high energyphotons are useful for compounds
including heavy elements in order to minimize absorption and extinction effects [4]. A sample of
about 200µm size and irregular shape was prepared from a crystal of natural origin.
Data has been taken with a MAR555 flat panel detector at a distance of 400 mm to the sample.
30 frames, which cover∆φ = 2◦ each, were recorded with illumination times of 10 sec per frame.
Using the data reduction package Automar [5] 5040 reflectionintensities up tosin Θ/λ = 2.1 were
determined and averaged to 820 unique structure factors. Anabsorption correction was not carried
out.
Since the valence charge density, which describes the bonding, relies on precise determinations
of the low–order structure factors, these were redetermined using a Ge solid state detector. 1000
reflections were measured up tosin Θ/λ = 0.75 and averaged to 85 unique. The data were properly
scaled to the flat panel data by an overlap of several reflections.
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Figure 1: Relative deviations of observed and calculated structure factors after multipole refinements. Fig.
1a: Ge– (black) and Mar555–data (red) plotted vs.sin Θ/λ, and b) all data plotted vs.1/Fcalc.

Independent Atom Model (IAM) refinements were carried out todetermine the start parameters
for the multipole refinements. In the following, multipoleswere applied up to the order l = 4.
Refinements were done in alternating cycles and yielded agreement factors of R(F) = 0.018 and
RW(F) = 0.029. Figs. 1 show relative deviations between observed and calculated structure factors,
plotted either againstsin Θ/λ (a) or against1/Fcalc (b). Systematic errors are not detected in the
curves. The outliers can be ascribed to very weak intensities.



Figs. 2 show the static deformation density, a) with monopoles included and b) monopoles omitted.
Qualitatively, the results agree with the calculations presented by Mimaki et al. Moreover, the
presence of density between Sn and O gives hints for – at leastpartially – covalent bonding, but for
a quantitative evaluation a detailed topological analysishas to be carried out.

Figure 2: Static deformation density in a Sn–O–plane. Sn in the centre, O on the left and on the right.
Contour lines: positive (solid), negative (dashed), zero contour (dotted).

Fig. 3 shows the residual density in the same plane as Figs. 2.The residual density is not flat,
but various features amount to several electrons perÅ3. One reason for these findings could be an
imperfect model, i.e. model extensions by higher cumulantsor higher multipoles are necessary to
improve the results. Another source of such errors can be searched and found in the data quality of
the high–order reflections. This quality, however, can onlybe improved by better counting statis-
tics, i.e. recording more images. Thus, before performing the topological analyses the deviations
between observed and calculated structure factors should be minimized or ruled out first.

Figure 3: Residual density in the same plane as in figs. 2. Sn inthe centre, O on the left and on the right.
Contour lines: positive (solid), negative (dashed), zero contour (dotted).
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