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The long-accepted magnetic structure of FePS3 has recently been refuted through extensive powder neutron
diffraction studies. Single-crystal neutron diffraction, using both quasi-Laue and monochromatic techniques,
has now been conducted to reveal more information about the nature of the magnetic ordering in this com-
pound. The magnetic unit cell was found to be twice as large as the crystallographic cell in both the a and b
directions and around three times as large along the c direction, giving a propagation vector of � 1

2
1
2 0.34�.

There is incomplete long-range magnetic order along the c* direction due to weak Fe-Fe interactions and large
anisotropy in that direction. The variation of the spontaneous moment with temperature closely resembles that
for an antiferromagnetic two-dimensional Ising model on a honeycomb lattice.
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I. INTRODUCTION

Iron thiophosphate is a good example of a quasi-two-
dimensional �2D� antiferromagnetic material. Along with
other members of the thiophosphate family, FePS3 has been
of interest since the late 1960s due to its low-dimensional
crystal structure.1 As a consequence of this layered structure,
FePS3 also shows quasi-2D magnetic characteristics.2 The
magnetic Fe layers are spatially separated by large nonmag-
netic gaps which reduce the strength of the magnetic inter-
actions perpendicular to the layers. These materials are rela-
tively simple to synthesize in a laboratory, forming
monoclinic single crystals with a structural space group of
C2/m and with a�5.93 Å, b�10.28 Å, c�6.72 Å, and �
�107.1°.1 The crystal structure of this family of compounds
can be seen in Fig. 1�a�. The transition metal ions form a
honeycomb structure within the ab plane, which is flanked
by phosphorous dumbbells. The bond between the P-P pairs
parallel to the c axis is 2.2 Å.3 Two layers of sulfur atoms,
which are in turn separated by van der Waals gaps, separate
each Fe-P layer. Both the crystal and magnetic interactions
are weaker along the third dimension, perpendicular to the
ab plane, which has previously made this an interesting ma-
terial for intercalation investigations.4,5

The magnetic structure of FePS3 has been derived and
accepted for over 20 years; however, our recent neutron
studies have found this structure to be incorrect.7 The mag-
netic structure initially proposed by Le Flem et al.6 had col-
linear moments aligned perpendicular to the ab plane �Fig.
1�b��. Within the plane, the moments were arranged in ferro-
magnetic chains, which are coupled antiferromagnetically.
The planes were also coupled antiferromagnetically along
the z direction. Kurosawa et al.8 performed neutron diffrac-
tion experiments on a stack of single crystals of FePS3
aligned along �0 0 1� and claimed that their results supported
the structure of Le Flem et al.; however, the published struc-
ture of the Kurosawa et al., shown in Fig. 1�c�, is subtly
different to that shown in Fig. 1�b�. The ferromagnetic chains
of Fe are rotated by 60° in the ab plane from those in the
structure of Le Flem et al.

Recently, some of us7 have revealed large inconsistencies
in the paper by Kurosawa et al.8 Their tabulated neutron
diffraction data do not support the conclusions within the
body of the article. In particular, their definition of the mag-
netic structure of FePS3, which has been widely accepted for
many years, does not correspond to their observations. It is

FIG. 1. �a� Crystallographic structure of MPS3 �M
=Mn,Fe,Ni�. �b� and �c� show two different proposed magnetic
structures of FePS3 in the ab plane; �b� was proposed by Le Flem et
al. �Refs. 1 and 6� while �c� shows structure described by Kurosawa
et al. �Ref. 8�. The solid square represents a single structural unit
cell and the arrows represent the magnetic moment directions par-
allel to c*.
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clear that the propagation vector of �0 0 1
2
� could not appro-

priately describe the neutron diffraction data. The two
lowest-angle magnetic reflections �0 1 1

2
� and �0 1 3

2
� associ-

ated with the nuclear reflections �0 1 1� and �0 1 2� by addi-
tion of this propagation vector are not observed. It appears as
though the propagation vector of �0 0 1

2
� was chosen be-

cause it allows for a magnetic cell double the nuclear unit
cell along the c direction. In the recent investigation by Rule
et al.,7 the powder neutron diffraction patterns displayed
magnetic peaks at much lower scattering angles than re-
ported by Kurosawa et al. The propagation vector of k
=�0 0 1

2
� was unable to describe these additional magnetic

peaks which are located between 0.5 and 0.8 Å−1 in Q. A
new magnetic structure and propagation vector were, how-
ever, not immediately evident from the powder diffraction
data, due mainly to the diffuseness of these magnetic peaks.
Time-of-flight measurements taken with polarized neutrons
indicated that these peaks were indeed elastic within an en-
ergy resolution of 200 �eV.9 Thus the diffuse band was con-
sidered to contain unresolved magnetic Bragg peaks rather
than energy-dependent events such as magnons. The current
research focuses on a closer investigation of the magnetic
reflections of FePS3 using two different, complementary neu-
tron diffraction techniques, which utilize a single-crystal
sample. The aim was to find and index magnetic peaks to
determine unambiguously the propagation vector. From this,
models of the magnetic structure of FePS3 are proposed.

II. EXPERIMENTAL DETAILS

Stoichiometric quantities of high-purity base elements
were combined in an evacuated quartz tube and placed in a
horizontal furnace. The quartz tube was heated with a gradi-
ent of 690–630 °C with crystal nucleation occurring at the
cooler end after two weeks. The crystals formed as thin
platelets with maximum dimensions of about 10�10
�0.1 mm3.

A large, well-formed crystal was chosen for the single-
crystal experiments conducted at the Institut Laue-Langevin
�ILL� in France. The sample was mounted on a pinlike
sample holder and placed within a He-flow cryostat. This
was mounted on the Laue neutron diffractometer, very-
intense vertical-axis laue diffractometer �VIVALDI�, at the
ILL.10,11 VIVALDI uses a polychromatic neutron beam with
wavelengths between 0.8 and 5.2 Å, and its cylindrical
image-plate detector subtends more than 2� sr at the sample
to permit rapid and extensive surveys of reciprocal space.
Laue patterns were recorded at both 5 and 140 K for a vari-
ety of sample orientations. The temperatures were chosen
such that 5 K was sufficiently below the magnetic ordering
temperature, TN=120 K, to ensure maximum magnetic or-
dering and peak intensities. 140 K was chosen to be suffi-
ciently greater than TN such that the sample was not mag-
netically ordered. The data from VIVALDI were analyzed
with the program LAUEGEN, which matched diffraction pat-
terns for the monoclinic space group C2/m with the ob-
served nuclear peaks.12

Magnetic reflections could be identified in the Laue pat-
terns, but indexing was difficult due to their small number

and to their diffuseness �vide infra�. The opportunity arose to
collect limited complementary data on the monochromatic
four-circle single-crystal diffractometer, D19, also at the
ILL.13 For this experiment D19 was equipped with a 4°
�64° vertically curved position-sensitive detector, which
also allowed reasonably extensive sampling of reciprocal
space in three dimensions, although unlike in the Laue tech-
nique rotation of the sample was still necessary. The sample
was retained on the same pin for the D19 measurements, but
was mounted in a cryorefrigerator. The wavelength of the
incident neutron beam was set to the nominal value of
1.5469 Å from a Cu �2 0 0� monochromator for the duration
of the experiment. Since the same sample mount was used in
both experiments, the indexing of the nuclear reflections
from VIVALDI could be readily transferred to the reflections
observed on D19. The sample was then cooled to 20 K, the
minimum available using the D19 cryorefrigerator. A limited
number of scans were made at 20 K, at 100 K, and one scan
was repeated in small temperature steps from 20 to 140 K.

III. EXPERIMENTAL RESULTS

A typical VIVALDI Laue pattern for a single sample ori-
entation can be seen in Fig. 2. The pattern in the upper panel
was recorded at 140 K, while the pattern taken at 5 K can be
seen in the lower panel. The black spot in the center of each
pattern is the exit hole for the transmitted neutron beam. The
dull extended streaks radiating from the center are due to
scattering from the polycrystalline aluminum heat shields of
the cryostat. Additional extended reflections near the trans-
mitted beam are evident in the 5 K pattern, and are attributed
to magnetic ordering. The most prominent magnetic reflec-
tions have been numbered 1–6.

Indexing of the 140 K VIVALDI patterns using

FIG. 2. Laue neutron diffraction patterns from VIVALDI at a
single sample orientation. The pattern in the upper panel was taken
at 140 K, showing only nuclear diffraction. The pattern in the lower
panel was taken at 5 K, in the magnetically ordered state.
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LAUEGEN12 revealed that there were at least two crystallites
in this sample, offset in the ab plane by some angle which is
a multiple of 60°. Each crystallite shares a common c* axis,
perpendicular to the plane of the crystal. The �0 0 1� reflec-
tion common to the crystallites is indicated in Fig. 2. The
lamellar appearance of both the crystal and the unusually
broad nuclear reflections suggests that the sample consisted
of many platy crystals, which share a nearly common c* axis.
The magnetic peaks are most obvious near the center of
the 5 K pattern at low scattering angles where the magnetic
form factor is largest. By trial and error the magnetic peaks
could be indexed with a unit cell that was twice as large in
a and b and around three times as large in c, which would
correspond to propagation vectors of 1

2
1
2 ± 1

3 in the conven-
tional nuclear unit cell. According to this method of mag-
netic peak assignment, the two clearest magnetic peaks to
the immediate left of the central position were labeled
�− 1

2 − 1
2 − 1

3
� for the peak marked �1� and �− 1

2
1
2 − 1

3
� for �2�.

The magnetic peaks were often assigned two sets of indices
to describe the two most prominent crystallites in the sample.
The classification of the principal magnetic reflections in Fig.
2 is listed in Table I. The indexing of the magnetic reflections
is still uncertain due to their small number and diffuseness,
and to a lesser extent to the radial projection in reciprocal
space in the Laue technique.

The first scans at 20 K on D19 confirmed immediately
that the propagation vector was very close to � 1

2
1
2

1
3
�. The

intensities of the magnetic peaks were found to be maximum
at positions where lmag= lnuc±0.34; however, significant mag-
netic intensity was also found up to ±0.15 reciprocal lattice
units away from these positions along c*. This indicates an
elongation of the magnetic peaks into rodlike structures in
reciprocal space, which is a sign of incomplete long-range
order along the z direction. A magnetic sample with long-
range three-dimensional �3D� order would have an intensity
profile with very sharp peaks at the reciprocal lattice posi-
tions in the magnetic unit cell. The elongation of the mag-
netic reflections observed on D19 corresponds well with the
streaky characteristics observed in the VIVALDI patterns as
well as the breadth of the low-angle magnetic reflections in
the powder diffraction pattern.7

The extension of the magnetic reflections along c* led to
partial overlap of the �h+ 1

2 k+ 1
2 l+0.34� and �h+ 1

2 k+ 1
2 l

+0.66� reflections. To ensure full integration of the magnetic
scattering, and to aid the extraction of individual magnetic
intensities, the magnetic reflections were collected on D19
by extended scans along c* centered at �h+ 1

2 k+ 1
2 l+0.5� and

over a sufficient range to scan through both the l+0.34 and
l+0.66 reflections.

Because of the partial overlap of the l+0.34 and l+0.66
reflections in each scan, their integrated intensities were ob-

tained by fitting two peaks to the projection of the 3D count
distribution of the scan onto l, with the appropriate Lorentz
correction applied to obtain the observed squared structure-
factor amplitude.14 In all these scans the profile of the mag-
netic reflections could be approximated very well by a Voi-
gtian profile consisting of a Lorentzian convoluted with a
considerably narrower Gaussian. The Gaussian profile was
chosen to match the instrumental resolution function of D19
determined from nearby nuclear reflections. The half-widths
of the Lorentzian profiles were constrained to be equal for all
magnetic peaks in a given scan and the background was
similarly constrained to be flat. The intensity profile along
� 3

2
1
2 l� for crystallite B can be seen in Fig. 3, where the con-

tinuous line represents the best fit to the data. Fitting the scan
through the � 3

2
1
2 0.34� and � 3

2
1
2 0.66� reflections to a pair of

Lorentzians convoluted with the Gaussian gave a mean
Lorentzian full width at half height of 0.11 �±0.02� in l.

Due to time constraints, only a limited number of mag-
netic reflections could be scanned. A list of the most intense
magnetic peaks observed on D19 for each crystallite is given
in Table II.

The thermal variation of the reduced magnetic moment
was also observed from the integrated D19 data. A plot of the
integrated magnetic intensity of the � 3

2
1
2 0.66� as a function

of temperature can be seen in Fig. 4. The magnetic intensity
remains at a constant maximum value for temperatures be-
low 100 K, and decreases sharply above 100 K to reach zero
at the Néel temperature of 117 K. This squarelike profile is
an indication of the strong anisotropy of FePS3 as well as of
possible 2D magnetic ordering. The fits included in Fig. 4
shall be discussed in Sec. IV B.

IV. DISCUSSION

In deriving possible magnetic structures, constraints from
the results of other experimental techniques were considered.
From transmission, single-crystal Mössbauer spectroscopy
experiments, with the �-ray direction perpendicular to the ab
plane, four absorption lines were observed in the magneti-
cally ordered spectrum.15 The absence of lines 2 and 5 from
a typical six-line spectrum indicated that the moments are

TABLE I. VIVALDI magnetic peak classification for peaks
numbered 1–6 in Fig. 3.

Peak No. 1 2 3 4 5 6

Crystallite A 1
2

1
2

1
3

3̄
2

5
2

1̄
3

3
2

1̄
2

2̄
3

3
2

1̄
2

1̄
3

Crystallite B 1̄
2

1̄
2

1̄
3

1̄
2

1
2

1̄
3

1̄
2

5
2

1
3

1
2

7
2

1
3

1̄
2

5̄
2

1
3

1̄
2

5̄
2

2
3

FIG. 3. Intensity profile along the reciprocal lattice vector,
� 3

2
1
2 l�, for crystallite B. The curve represents the fit of four Voi-

gtian profiles to the observed data.
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directed perpendicular to the ab plane. Magnetic susceptibil-
ity measurements have been taken at temperatures close to
absolute zero for applied fields both parallel and perpendicu-
lar to the trigonal axis, that is, the z direction.16 These mea-
surements indicated that the susceptibility dropped to around
zero for fields applied parallel to z. Both sets of results sup-
port a magnetic structure where the moments are oriented
along the z direction, perpendicular to the ab plane.

The magnetic interactions in FePS3 and MnPS3 were ini-
tially considered to be similar, both with strong intraplanar
interactions and weak interplanar interactions. Incomplete
long-range order is not uncommon in the thiophosphate ma-
terials, with MnPS3 showing evidence of short-range mag-
netic correlations in powder neutron diffraction patterns.17

However, a single-crystal study of MnPS3 by Wildes et al.18

shows that the rodlike features observed at 100 K, above TN,
and attributed to critical scattering are virtually absent at 8 K
indicating that the magnetic order is long ranged in all direc-
tions at low temperatures. Neglecting any microscopic dif-
ferences that there might be between the powder and single-

crystal materials, the trailing edges to the magnetic Bragg
peaks observed in powder samples17 must be due to some-
thing other than incomplete magnetic order, probably excita-
tion of the low-lying magnon branch in MnPS3 perpendicu-
lar to the planes. The magnetic ordering of FePS3 is clearly
rather different to that of MnPS3.

A. In-plane structure

The structure within the ab plane was modeled by various
sets of moments oriented parallel and antiparallel to the c*

direction. The in-plane structure of the moments was also
constrained by the VIVALDI and D19 data, which indicated
that the magnetic unit cell was twice the size of the nuclear
unit cell in both the a and b directions. These models were
first tested by least-squares fitting to the powder diffraction
data taken at 5 K. Using the program FULLPROF,19 the mag-
netic peaks over the scattering range of 0°–60° in 2� were
fitted using the original in-plane structure proposed by Le
Flem et al.6 �Fig. 1�b��. Due to a number of factors including
preferred orientation within the powdered sample and fitting
the peaks with a sharp peak shape, a perfect fit was not
obtained. Another consideration for the in-plane moment
structure involved the propagation vectors associated with
each model. The original in-plane model proposed by Le
Flem et al. was found to describe the configuration of the
moments best as it was the only structure with just one set of
propagation vectors, � 1

2
1
2 l� and �− 1

2 − 1
2 l� with equivalent d

spacings. The magnetic peaks in the powder pattern occur at
scattering angles that follow this propagation vector only;
thus, although other structures had the correct dimensions,
only this structure had both the correct dimensions and in-
plane propagation vector. The exchange field in FePS3 was
also calculated to be 32 T from this in-plane moment struc-
ture, which corresponds within error to the exchange field
observed in high-field magnetization measurements.20

B. Magnetic order along the c* direction

The magnetic structures of other members of the thio-
phosphate family, and even the MPSe3 family �where M
=transition metal�, are well documented and known to be
3D.21,22 However, the exchange interactions between the
planes of metal ions are often much weaker than between
metal atoms within the plane—up to 400 times less for
MnPS3.22 Incomplete long-range order in MnPS3 was evi-
dent as trailing edges on the high-scattering side of the mag-
netic peaks in the powder neutron diffraction pattern.17 A
similar feature observed in the FePS3 powder diffraction pat-
tern was a broad, yet low-intensity hump on the high-
scattering side of the sharp magnetic peaks as seen in the
upper panel of Fig. 5. These humps could be Bragg reflec-
tions, but they may also be an indication of incomplete long-
range order.

From the D19 data, the streakiness was initially attributed
to weak correlations between interplanar Fe2+ ions. However,
neither a commensurate magnetic structure with a wave vec-
tor of � 1

2
1
2

1
3
� nor an incommensurate magnetic structure

with a wave vector of � 1
2

1
2 0.34� could describe the streaki-

TABLE II. The most intense magnetic peaks observed with D19
were assigned to either one or both of the twinned magnetic
crystallites.

Crystallite A Crystallite B

hkl Intensity �arb. units� hkl Intensity �arb. units�

3̄
2

7̄
2 0.34 26±1 1

2
1̄
2 0.66 45.5±0.5

1
2

1̄
2 0.66 25.1±0.3 3

2
1̄
2 0.66 30.7±0.7

1
2

11̄
2 0.66 23±1 3

2
1
2 1.34 28.9±0.7

1
2

1̄
2 0.34 18.6±0.4 1

2
1
2 0.66 24.9±0.3

1
2

11̄
2 0.34 18±1 3

2
1
2 0.34 13.5±0.6

1̄
2

5̄
2 0.34 16.1±0.8 5

2
1̄
2 0.66 9.9±0.9

1
2

7̄
2 0.34 11±1 5

2
1̄
2 1.66 9±1

1
2

3̄
2 0.34 6.8±0.5 5

2
1
2 0.66 8.5±0.9

FIG. 4. The thermal variation of the integrated intensity of the
3
2

1
2 0.34 magnetic peak of FePS3 recorded on D19.
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ness of the peaks along l as both structures would give well-
defined spots in the Laue scan if any long-range order were
present. Instead the elongated peaks were caused by short-
range correlations between metal atoms along the crystallo-
graphic z direction. From this, a simulation was produced to
describe the expected powder diffraction pattern for the mag-
netic peaks as seen in the lower panel of Fig. 5. The first two
major magnetic peaks were approximated with a Gausssian
line shape. These peaks were found according to the propa-
gation vector that best fit the in-plane structure above. This
was the pair of vectors � 1

2
1
2 l� and �− 1

2 − 1
2 l� applied to the

�0 0 0�, �1 3 0�, and �0 2 0� nuclear reflections. Thus the
magnetic reflections were, respectively, the � 1

2
1
2 l� lines with

a scattering angle of around 9.6° in 2� and the � 1
2

5
2 l� and

� 3
2

1
2 l� lines centered around 25° in 2�. Each peak was cre-

ated from the sum of peaks with l= ±0.34, ±0.66, ±1.34,
±1.66. The peak intensity of the simulation was also adjusted
by including a magnetic form factor in the calculations. A
Gaussian function for metallic iron was used to approximate
the form factor using the data obtained by Shull and Yamada
as illustrated in Ref. 23.

From the D19 profiles, the thermal variation of the short-
range order was examined in terms of the change in the
sublattice moment and magnetic periodicity. The peak posi-

tions did not deviate from their initial values of 0.34 and 0.66
for all temperatures below the Néel temperature indicating
that the ordered magnetic structure remains fixed at all tem-
peratures. This would indicate that although there are only
short-ranged correlations between the iron atoms along z, the
structure does not appear to relax into some long-ranged 3D
order. Above the Néel temperature, weak intensities were
still present at 0.34 and 0.66 suggesting the presence of criti-
cal scattering similar to that observed in MnPS3.24

Powder diffraction patterns for magnetic structures with
the in-plane models proposed by Le Flem et al.6 and Kuro-
sawa et al.8 are very similar, due to the nearly regular hex-
agonal arrangement of the Fe atoms in the ab plane. This
would also be true for the 2D-averaged data that were ob-
served by Kurosawa et al., and explains why their data could
be modeled by a propagation vector of �0 0� in the ab plane.
The nearly regular hexagonal Fe arrangement also explains
the twinning of the crystals.

To confirm the 2D nature of the magnetic ordering, the
thermal variation of the sublattice moment �Fig. 4� was fitted
with the honeycomb-lattice 2D Ising model.25 This model
assumes only first-neighbor antiferromagnetic interactions so
that the resulting 2D order would be the same as for MnPS3
and not the same as for this material. Nevertheless it is the
closest solved model to our system. Additionally the Ising
model for any 2D lattice results in the same precipitous de-
cline in sublattice moment as observed in our data, quite
different from the S= 1

2 mean-field model which does not
depend on dimensionality. The expression for the model is

M = �1 −
16z3�1 + z3��1 + z2�3

�1 − z2�6 �1/8

, �1�

where z=exp�−2K� and K= J
kBT .

The fit gave TN=117.52 K and J=70.89 K. In assessing
this J it must be remembered that it refers to a situation in
which there are first-neighbor interactions only.

As can be seen, the mean-field model does not appear to
represent the data well at temperatures between 80 and
120 K, while the 2D Ising lattice shows a remarkable resem-
blance to the D19 results. Thus, of the two models, the 2D
Ising honeycomb lattice better describes the temperature
variation of the reduced magnetic moment. Neutron diffrac-
tion studies by Wiedenmann et al.21 and Kurosawa et al.8

have both shown evidence of a 2D in-plane structure in the
MPX3 compounds �M =Mn and Fe, X=S and Se�; however,
neither has commented on the significance of their results.
Each study displayed plots of the temperature dependence of
the reduced magnetic moments, superimposed with a mod-
eled 3D Brillouin function for different spin values �S
= 1

2 , 5
2

�. The data for the Mn compounds fitted the Brillouin
curve of S= 5

2 very well, as expected for a material with very
little single-ion anisotropy and 3D order. The reduced mag-
netic moment of the Fe compounds appeared to remain con-
stant for temperatures up to T /TN 0.7, beyond which the
magnitude of the moment fell sharply as T approached TN.
This sharp decrease is similar to that in Fig. 5 and can be
attributed to the strong anisotropy of the Ising-type system
and the 2D nature of the interactions.

FIG. 5. �Color online� Upper panel: the MRPD powder diffrac-
tion pattern where the nuclear peaks have been subtracted such that
only magnetic peaks remain. Lower panel: simulation of the mag-
netic peaks with propagation vectors of � 1

2
1
2 l� and �− 1

2 − 1
2 l� as-

sociated with the �0 0 0�, �1 3 0�, and �2 0 0� nuclear reflections.
This simulation includes all magnetic peaks below Q=2.9 Å−1.
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From the current data, it appears as though the magnetic
long-range structure of FePS3 is truly 2D. Analysis of these
data has shown that it is well modeled as a 2D Ising antifer-
romagnet. There are two other simple materials which appear
to fit this description: Rb2CoF4 and K2CoF4. Both neutron
diffraction results and susceptibility measurements of these
two compounds showed similar features, which indicated
that the magnetic dimensionality was similar in each
case.26,27 The rodlike scattering profiles in reciprocal space
were a strong indication of incomplete long-range order,
while the temperature dependent sublattice moment closely
resembled the 2D Ising model. The dependence close to the
critical temperature showed the typical 1

8 Ising power law
with the appropriate square-lattice prefactor for Rb2CoF4.

The widths of the peaks along the z direction for Rb2CoF4
were also sensitive to heat treatment raising the possibility
that the short-range order might be metastable, even suggest-
ing that the stable magnetic order is long range in all direc-
tions. Further work needs to be done to establish how true
this is for FePS3 but it should be mentioned that even if the
short-range order is metastable the stable state might not be
ordered at long range. If the strongly anisotropic planes are
regarded as weakly coupled Ising objects this linear array
would not order at any temperature.28

V. CONCLUSIONS

Laue neutron diffraction patterns have shown the mag-
netic reflections in FePS3 to be streaky, indicating a lack of
long-ranged magnetic order along the c* direction. This was
confirmed by single-crystal neutron diffraction scans on the
monochromatic four-circle diffractometer, D19. This implies
that the interactions between Fe ions along the c direction are
very weak compared with the interactions within the ab
plane. It also suggests a strong anisotropy in the magnetic
structure. Similar materials with relatively little anisotropy,

such as Rb2FeF4, have been observed to order in three di-
mensions. Fitting a monoclinic structure to the VIVALDI
results also revealed a magnetic unit cell that was double the
nuclear unit cell along both the a and b directions. Thus the
set of propagation vectors to describe the magnetic reflec-
tions is � 1

2
1
2 0.34� and �− 1

2 − 1
2 0.34�. Peaks following this

pattern corresponded well with the previous powder diffrac-
tion patterns.

The intensity profile of the magnetic peaks along the c*

direction corresponded to the modeled prediction that the
order along l is indeed short ranged. The weak interlayer
correlations between the moments were also responsible for
the diffuse humps on the high-scattering angle side of the
magnetic Bragg peaks observed in the powder diffraction
pattern. Thus all the neutron diffraction results exhibit evi-
dence of incomplete long-range magnetic order along the z
axis in FePS3.

The true magnetic order for FePS3 was the same in the ab
plane as that proposed by Le Flem et al.,6 with ferromagnetic
chains coupled antiferromagnetically. Between the layers
long-range order is not well established, giving rise to a
short-range ordering of moments along c even at low tem-
peratures. Thus the propagation vector for FePS3 is � 1

2
1
2 l� in

the plane with an ill-defined l component of about 0.34 out
of the plane.

Our results illustrate the strength of single-crystal diffrac-
tion to resolve ambiguities in magnetic structures, even those
as simple as FePS3, and the unique capability of Laue dif-
fraction to locate magnetic reflections.
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