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Theoretical aspects

Partial and total phonon density of states were performed using the Phonopy framework [1] for
VASP where ionic forces were computed following the fine displacement approach under the
projector augmented-wave (PAW) [2,3] PBE functional [4,5]. The volume and shape of the
unit cell were simultaneously optimized keeping ionic positions fixed using the experimental
crystallographic information file (CIF) of the VO, M1 phase [6]. This optimization process
largely reduces the normal unbalanced ionic forces encountered in experimental CIF files and
avoids getting the VO, rutile phase as the ground state which is a normal outcome of the
optimization under PBE [7]. Strain effect was simulated by linearly transforming the rutile
lattice parameters of MgF, into the lattice basis of the VO, M1 phase using the following

expression:
uTL = M- 1Nu5ubs
where 7L is a top layer, ¥ are the coordinates in the basis formed by the lattice vectors, Mand

N are the matrix representations of the lattice vectors of the 7L and the substrate lattice

correspondingly. Since this transformation preserves the vector direction and the orthogonality,



any changes by the strain can be added by a parameter directly to the norm of the vectors in

this representation.
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Fi
gure S1. Temperature-induced electrical transport measurements of VO,/MgF, (001) (top left)
and (110) (top right) obtained via 4-points resistance measurement on 3 bridges at a time. The
example of 3 bridges Resistivity puck is also depicted. The (001) VO, is completely isotropic,
whereas (110) VO, film exhibits anisotropy.

Substrate Lattice Parameters Lattice Mismatch to VO,
VO, (at 360K) ar = 4.5546 -
cr=2.8514 -
(001) TiO, ar=4.5940 +0.9%
cr=2.9590 -
(110) TiO, ar=4.5940 +0.9%
cr=2.9590 +3.8%
(001) MgF, ar=4.6249 +1.5%
cr= 3.0520 -
(110) MgF, ar=4.6249 -
cg= 3.0520 +7.0%

Table S1. Lattice constants and rutile VO, lattice mismatch for different substrate orientations
of TiO, and MgF,. Lattice constants originate from literature; VO, at 87 °C [8], MgF; at 25 °C
[9], TiO, at 25 °C. Lattice mismatch is predicted using the lattice parameters parallel to the

substrate surface using the following equation: “su0~ % it/ @
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Figure S2. Room temperature XRD of 10 nm VO,/MgF, (a) (001) and (b) (110)
The 10 nm VO,/MgF, (001) and (110) films used in the Raman measurements both exhibited
partial strain. Previously, VO,/TiO, thin films have had high degrees of strain as TiO, is
isostructural to VO, in its high temperature phase and has relatively low lattice mismatch [10].
MgF, is also isostructural to VO, however, as can be seen in Table S1, it has nearly the double
lattice mismatch as to TiO,. Based on the XRD (Fig. S2) the c-axis length of our VO,/MgF,
(001) film is 2.86 A and VO,/MgF, (110) film is 2.88 A. Note that the (110) c-axis length was
estimated assuming that the cell volume of VO, is the same as that of bulk (59.22 X 103 nm?).
Indeed, strain is achieved as the c-axis length of the (001) shrinks and the (110) elongates in
relation to bulk c-axis length of 2.85 A. Nevertheless, less strain was achieved in comparison
to VO,/TiO; thin films in both the (001) [10] and (110) [11] orientations due to exceptionally
large mismatch with MgF, i.e. partially strained.
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Figure S3. Partial phonon density of states along and perpendicular to the V-V dimer direction.
The dotted line represents the bulk VO, [12,13]. The calculated red and blue shifts of the
characteristic phonon modes reveal the strain effect on VO,. The presence of the larger negative
phonon mode range suggests the dynamical instability of VO, systems in the applied level of
calculations. However, the applied theoretical approaches allow to capture strain-induced shift
of the high frequency phonon modes (b).
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Figure S4. Raman spectra of VO,/MgF, (001) at selected temperature points during cooling.
The range around 600 cm-1 is additionally depicted. Color lines show the shift of
characteristics Raman peaks.
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Figure SS. Evolution of characteristic VO,/MgF, (001) Raman peaks during the heating (a)
and cooling (b) steps.
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Figure S6. Raman spectra of VO,/MgF, (001) at selected temperature points during cooling.
The range around 600 cm™! is additionally depicted. Color lines show the shift of characteristics
Raman peaks.
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Figure S7. Evolution of characteristic VO,/MgF, (110) Raman peaks during the heating (a)
and cooling (b) steps.
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