
Supplementary material for: Pressure induced electronic and structural phase

evolution in Van der Waals compound FePS3

FIG. S1. The interplanar distance is given by the (001) d
spacing. This distance is reduced smoothly by applied pres-
sure until the second phase transition at ∼14 GPa when it
collapses dramatically.
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FIG. S2. Rietveld re�nement plot of 0 GPa di�raction pattern
with known C2/m structure showing experimental (blue), cal-
culated (red) and di�erence (grey) curves. Re�ection posi-
tions are marked in blue. The large peak at approximately
22.5° is from the diamond anvils of the pressure cell. The
region immediately around the peak has been excluded from
the �t. The wavelength of the x-rays was l = 0.4246 Å.

A. Crystallography and solving the new structures

of FePS3

The �rst phase transition seems to lead to fewer peaks,
suggesting higher symmetry, but as yet we still �nd the
best match with a modi�ed monoclinic C2/m structure.
This is closely related to the starting structure, with the
primary di�erence being a change in b from ∼107° to
∼90°. Additionally, the P-P distance increases, re�ecting
the change in the atomic stacking along the c* axis. The
P-P pairs are separated by a sulphur atom at 0 GPa,
while the ab-planes have sheared at higher pressures such
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FIG. S3. Rietveld re�nement plot of 10.1 GPa di�raction pat-
tern with proposed C2/m structure for the 1st high pressure
phase - HPI showing experimental (blue), calculated (red)
and di�erence (grey) curves. Re�ection positions are marked
in blue. The wavelength of the x-rays was l = 0.4246 Å.
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FIG. S4. Rietveld re�nement plot of 18.1 GPa di�raction pat-
tern with proposed P-31m structure for the 2nd high pressure
phase - HPII showing experimental (blue), calculated (red)
and di�erence (grey) curves. Re�ection positions are marked
in blue. The wavelength of the x-rays was l = 0.4246 Å.

that this is no longer the case and P-P pairs form a chain
along c*. The change in the c* stacking is shown in Fig. 2.
The second phase transition then leads to the closely

related P-31m trigonal structure. The principal changes
here are the increase in symmetry and the collapse of the
interlayer spacing.
Rietveld re�nements were performed using Topas V6.

A shifted Chebyshev function with 6 parameters was used
to �t the background. The Pseudo-Voigt function used
to model the peak shape and the parameters describing
the di�ractometer geometry were �rst optimized using
an LaB6 standard. These were �xed for the structural
re�nements, while two isotropic parameters were used to
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Ouvrard 1985 C2/m R = 4% Rw= 5%

a = 5.947(1) Å b = 10.300(1) Å c = 6.7222(8) Å b = 107.16(1) ° V = 393.3(2) Å3

x y z Occ Beq

Fe(4g) 0 0.3326(1) 0 1 1.11(1)

P(4i) 0.0566(3) 0 0.1692(3) 1 0.65(2)

S(4i) 0.7501(3) 0 0.2470(3) 1 0.88(2)

S(8j) 0.2488(2) 0.1655(1) 0.2485(2) 1 0.87(1)

TABLE S1. Re�nement parameters from Ouvrard[1].

HP 0 C2/m rwp= 8.07 rexp= 2.92 q2= 2.77

a = 5.9428(9) Å b = 10.299(2) Å c = 6.716(2) Å b = 107.34(2) ° V = 392.4(2) Å3 r = 3.098(1) g.cm−3

x y z Occ Beq

Fe(4g) 0 0.3320(8) 0 1 3.4(2)

P(4i) 0.086(4) 0 0.167(7) 1 4.2(6)

S(4i) 0.760(4) 0 0.286(6) 1 2.99(19)

S(8j) 0.269(3) 0.1745(9) 0.247(4) 1 2.99(19)

TABLE S2. Re�ned crystal structure parameters for the 0 GPa (HP 0) data.

take into account the sample Lorentzian contribution to
peak broadening for size and microstrain respectively un-
less otherwise stated. Structural parameters were re�ned
with an anti-bump restraint for the P-P interatomic dis-
tance. A minimum value of 0.1 Å2 was set for the ther-
mal parameters (one for each atomic species). Goodness
of �t indices, Rwp values and structural parameters at
convergence are reported in Tables S2 and S3. Final Ri-
etveld re�nement plots are shown in Figures S2, S3 and
S4 respectively. The ambient FePS3 crystal structure [1]
was retrieved from the ICSD [2] to �t the 0 GPa powder
pattern. The March-Dollase model for preferred orien-
tation was applied on the (0 0 1) crystallographic plane.
An anisotropic model [3] for sample microstrain contri-
bution was found to improve the �t signi�cantly. The
anisotropic broadening changes with increasing pressure
(see Figure S2 from 8 to 10°) and it is likely to be re-
lated to stacking faults phenomena. We are currently
working on a stacking faults model that will describe
these changes in detail. The RBragg was found to be
7.35 at convergence. A few minor peaks disappear in the
di�raction patterns when pressure increases to 10 GPa
(see the 5 to 10°range in Fig.S3). Because of this appar-
ent increase in symmetry, indexing in cubic, hexagonal,
trigonal, tetragonal and orthorhombic symmetries was
extensively attempted on the 10 GPa di�raction pattern
with the indexing algorithm DICVOL [4], which is in-
cluded in the software DASH [5] from the CCDC suite[6].
One hexagonal unit cell was found to be rather convinc-
ing but a Pawley �t proved that it fails to �t the (0 0

1) peak properly see Fig. S5. The pattern can instead
be �tted with an orthorhombic C-centered unit cell (see
Fig. S5). However, so far we have been unable to model
the structure with an orthorhombic supergroup of C2/m.
Therefore, our conclusion is that the HP I crystal struc-
ture is in fact monoclinic with the same space group as
the 0 GPa crystal structure. We believe that the stack-
ing faults model we are currently working on could shed
more light on the structural behaviour during this phase
transition. An 8th order spherical harmonics model for
preferred orientation was found to be necessary to �t the
peak intensities in this case. The RBragg was found to be
0.47 at convergence. A Pawley �t showed that the 18.1
GPa di�raction pattern could be �tted with the hexag-
onal unit cell identi�ed during the indexing of the 10
GPa pattern. A manual determination of systematic ex-
tinctions excluded any re�ection condition. A structural
model was built assuming that the layers would be per-
pendicular to [0 0 1] with the P atoms lying on the 3-fold
axis and stack one onto the other without any shift on
the a,b plane (see Fig. 2). The space group P-31m, which
has no systematic absences, was found to be compatible
with this structural model. An 8th order spherical har-
monics model for preferred orientation was used. The
RBragg was found to be 0.44 at convergence.
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HP I C2/m rwp= 2.45 rexp= 2.14 q2= 1.15

a = 5.7620(12) Å b = 9.988(2) Å c = 5.803(5) Å b = 89.33(2) ° V = 333.3(3) Å3 r = 3.648(3) g.cm−3

x y z Occ Beq

Fe(4g) 0 0.3225(13) 0 1 1.0(10)

P(4i) 0 0 0.184(15) 1 0.1(12)

S(4i) 0.638(4) 0 0.259(13) 1 0.1(6)

S(8j) 0.127(2) 0.16239 0.299(8) 1 0.1(6)

TABLE S3. Re�ned crystal structure parameters for the HP I phase (10 GPa data).

HP II P-31m rwp= 2.06 rexp= 2.14 q2= 0.95

a = 5.699(4) Å c = 4.818(3) Å V = 135.54(19) Å3 r = 4.484(6) g.cm−3

x y z Occ Beq

Fe(4g) 1/3 2/3 0 1 1.0(2)

P(4i) 0 0 -0.206(6) 1 1.0(6)

S(4i) 0.3241(6) 0 -0.195(4) 1 1.0(2)

TABLE S4. Re�ned crystal structure parameters for the HP II phase (18 GPa data).
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FIG. S5. Pawley �t plot of 10.1 GPa di�raction pattern with
the identi�ed potential Cmmm (upper) and P3 (lower) sym-
metries for the 1st high pressure phase - HPI showing exper-
imental (blue), calculated (red) and di�erence (grey) curves.
Re�ection positions are marked in blue.

B. Pressure evolution of the lattice parameters

across the �rst phase transition

We estimate the weight percentages as well as the lat-
tice parameters as a function of pressure from a set of
re�nements in which the spherical harmonics and atomic
positions were �xed at the values given in the re�nement
of the end member of that phase. These end members are
the single phase re�nements at 0 GPa, 10.1 GPa and 18.1
GPa shown in Figs. S2, S3 and S4. The anistropic peak
broadening correction was removed and replaced with an
isotropic strain correction. Therefore, the only things be-
ing re�ned were the lattice parameters, the scale factor,
the strain parameter and the background. By doing this
we have minimised the correlations between the various
�t parameters. One consequence of this is that the re-
�nements a long way away from the set points may be
less reliable, i.e. the lattice parameters of a phase at a
pressure where there is only a few perent of that phase
are not reliable.

Fig. S6 shows how the sample transforms from LP to
HPI as the pressure is increased. The point where there
is roughly 50 percent of each favour is approximately 3.7
GPa. This is marked with a line on this �gure as well as
Figa. S7 and S8.

What we can see in the plots of the lattice parameters
with applied pressure is that a and b change smoothly
and by a small amount. The value of c shows a discon-
tiunuity at the phase transition. This is entirely due to
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FIG. S6. Weight percent of the two phases, LP in red, and
HPI in blue, through the �rst phase transition PT1. The error
bars are smaller than the symbols used.

FIG. S7. Pressure dependence of the lattice parameters of the
LP phase, open symbols, and HPI, �lled symbols. The error
bars are smaller than the symbols used.

the change in β. Indeed the interlayer spacing shown in
Fig. S1 shows no change at PT1. The lattice parameters
should be viewed taking into account the weight percent-
ages seen in Fig. S6. There is very little LP phase above
5 GPa and so the lattice parameters for this phase above
this pressure are not going to be the most reliable. Like-
wise there is very little HPI phase below 2 GPa and so
the lattice parameters for this phase below this pressure
are not going to be the most reliable.

C. Pressure evolution of the lattice parameters

across the second phase transition

The mid point of the transition estimated from the
weight percentages of the two phase re�nements shown
in Fig. S9 is approximately 13.6 GPa. This pressure
is shown by a vertical black line in Figs S9 and S10.
Small changes in a and b are overshadowed by the col-
lapse of the c parameter by more than 10 %. However the

changes in the plane should not be overlooked - the dis-

FIG. S8. Pressure dependence of the monoclinic angles of the
LP phase, in red, and HPI, in blue. The error bars are smaller
than the symbols used.

FIG. S9. Weight percent of the two phases, HPI in red, and
HPII in blue, through the second phase transition PT2. The
error bars are smaller than the symbols used.

torted honeycomb that characterises this whole family of
compounds is �nally replaced with the ideal honeycomb
at this phase transition.

[1] G. Ouvrard, R. Brec, and J. Rouxel, Materials Research
Bulletin 20, 1181 (1985).

[2] R. Allmann and R. Hinek, Acta Crystallographica Section
A 63, 412 (2007).

[3] P. W. Stephens, Journal of Applied Crystallography 32,
281 (1999).

[4] A. Boultif and D. Louër, Journal of Applied Crystallogra-
phy 37, 724 (2004).

[5] W. I. F. David, K. Shankland, J. van de Streek, E. Pid-
cock, W. D. S. Motherwell, and J. C. Cole, Journal of
Applied Crystallography 39, 910 (2006).

[6] C. R. Groom, I. J. Bruno, M. P. Lightfoot, and S. C.
Ward, Acta Crystallographica Section B 72, 171 (2016).



5

FIG. S10. Pressure dependence of the lattice parameters of
the HPI phase, open symbols, and HPII, �lled symbols. The
error bars are smaller than the symbols used.


