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Report:

We have successfully carried out the proposed surface x-ray diffraction experiments to
analyze the structure of thin (=10 nm) VO: films grown on TiQO:. It has been observed
that liquid gating of the film induces an insulator to metal transition which is
accompanied by a structural phase transition from monoclinic to tetragonal symmetry
and by an expansion of the c-lattice parameter by about 3% [1]. It is argued that for the
liquid gating induced metallization of the film, the formation of oxygen defects plays a
major role. [1,2].

In order to study in detail the effect of liquid gating and backgating on the VO: film
structure we have carried out an extensive and precise collection of reflections after
sample gating and after backgating, i.e. after bringing the film back to the insulating
state in which the film structure becomes monoclinic.

For the gated sample we find that the film structure is purely tetragonal of rutile type.
Monoclinic (superstructure) reflections were absent. Note, that the monoclinic
(insulating) structure can be viewed as a (2x1x2) superstructure of the rutile structure
type. In the following we shortly discuss the analysis of the gated sample for which 79
symmetry independent structure factor magnitudes (IFnal) were collected.

Starting with the well known rutile structure the data could be fitted well by allowing
the oxygen atom located at position 4f (xx0) of the space group P4,/ mnm to vary. The
only free positional parameter (x) in this structure was determined to x=0.297(1), which
is a little larger than the value reported for the bulk [x=0.288(1)] [3]. In addition, we
allowed for anisotropic displacement parameters (ADP’s) for both, the V atom at site 2a
(000) and the oxygen atom for which we typically find a considerable enhancement of
the normal ADP’s over the in-plane ones such as: U"'=U%=0.020(2) A2, U*=0.080(2) A2



for the V atom. Following the fit with an unweighted residuum of Ru in the 8% range
we calculated the z-projected charge density which is shown in the figure below:

Z-projected Fourier Synthesis of charge density based on 79 reflections F;:
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The charge density [p(x,y,z)] map of the projected structure shows four unit cells in
which the strong peaks are related to the V atom at (000) and (V2 Y2 72) as well as to the
oxygen atom at (0.297, 0.297, 0.000) and the symmetrically equivalent ones.

In addition, the density map shows a faint charge density at an aysmmetric site at about
(x,y,2)=(0.38, 0.00, 0.00). This comes unexpected at first, since this asymmetric site is
unusual. Note that the calculation of p(x,y,z) is quasi model free since the rutile
structure is well known and the signs of the 79 structure factors are thus calculated
with 100% correctness. Note that owing to the centrosymmentry of the rutile structure
the phase problem reduces to a determination of the signs of the structure factor
magnitudes: (Fna=tlFuul), i.e. the associated scattering phase is either 0 or ®© which
facilitates the analysis.

The distance between the interstitial asymmetric site and the nearest V atom is equal to
1.76 A, which is a bit shorter than the usual V-O distance in rutile type VO: (about 1.85
A) which might be related to the reduced coordination number at this site. Thus the
charge density might be attributed to low occupancy interstitial oxygen which also
might be related to the unusal expansion of the c-lattice constant upon gating [1]. The
data analysis is still in progress.

The monoclinic (backgated) sample was analyzed by using 225 independent reflections.
The preliminary analysis shows that this structure -albeit monoclinic- is different from
the bulk one reported in Ref.[3].
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