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Spin dynamics in the unconventional multiferroic AgCrS2
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(Received 8 October 2012; revised manuscript received 21 January 2013; published 12 April 2013)

The magnetic excitation spectrum of AgCrS2, a layered multiferroic compound with a collinear four-sublattice
antiferromagnetic order, has been investigated by means of time-of-flight inelastic neutron scattering between
5 and 300 K. Coupling mean-field and spin-wave calculations, the experimental spectrum is well reproduced
introducing, in the model Hamiltonian, a ferromagnetic exchange interaction between nearest neighbors and a
non-negligible antiferromagnetic in-plane next-nearest-neighbor interaction. This study shows that the sign of
the magnetic interaction between chromium ions depends on the Cr-Cr distance with a threshold value above
which it becomes ferromagnetic and emphasizes the role of the magnetoelastic coupling in the understanding of
the physical properties of AgCrS2.
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I. INTRODUCTION

Multiferroic materials, in which two or all three ferroic-
order parameters [ferroelectricity, (antiferro)magnetism, and
ferroelasticity] are observed, have been the subject of intensive
research in recent years. Such systems are rather rare in nature
but are potentially interesting for a wide range of technological
applications.1,2 In the “spin-driven ferroelectrics,” it is the
noncollinear spin spiral structure which is responsible for the
inversion symmetry breaking,3,4 which results in a sponta-
neous polarization below the magnetic-ordering temperature.
Frustrated magnets, which often exhibit noncollinear magnetic
structures, have, as a result, been investigated extensively, with
a special mention to the family of stacked triangular lattices,
whose most-known examples are the delafossite CuFeO2

(Refs. 5 and 6) and ACrO2 compounds [A = Cu,7,8 Ag,9

Li, and Na (Refs. 9–11)]. In centrosymmetric CuCrO2, for
instance, the transition to the noncollinear magnetic state7,12

coincides with a spontaneous ferroelectric polarization, which
reaches 30 μC m−2 at 5 K.9 Pure CuFeO2 has, in contrast,
a collinear magnetic ground state of the four-sublattice type
[(4SL) or ↑↑↓↓],5,13 which precludes multiferroic properties,
in agreement with the spin-driven theoretical models.14,15

Recently, spontaneous polarization was evidenced in
AgCrS2,16 a compound with a stacked triangular topology,
structurally closely related to the delafossite family. In
AgCrS2, spins order collinearly at TN = 40.5 K, to form a
stacking of double ferromagnetic stripes arranged antiferro-
magnetically, akin to a 4SL-type structure.17 This magnetic
transition actually comes along with a first-order structural
transition, which involves a symmetry lowering from the
polar R3m structure18–20 [Fig. 1(a)] towards the ferroelectric
monoclinic phase: The Cr triangular lattice undergoes an
“isosceles-type” distortion, each triangle having one long and
two short Cr-Cr bonds,17 a fact pointing out the role of the
lattice degree of freedom in stabilizing the 4SL magnetic
structure.21 In this context, the matters that naturally arise are
the understanding of the impact of the crystal distortion on the
magnetic exchange paths and, consequently, on the magnetic
ground state, and whether ferroelectricity derives solely from
large atomic displacements at TN or not.

To shed light on these issues, inelastic-neutron-scattering
[time-of-flight (TOF)] measurements were performed on
polycrystalline AgCrS2 between 5 and 300 K in order to get
the dynamical structure factor S(Q,ω) and its temperature evo-
lution. Mean-field and spin-wave calculations were performed
subsequently to find a reliable set of magnetic exchange
parameters reproducing the experimental excitation spectrum.
Results confirm that the monoclinic distortion of the triangular
lattice has a major impact on the nearest-neighbor magnetic
exchange, which becomes ferromagnetic along the longest
Cr-Cr bond but remains weakly antiferromagnetic along the
two shortest ones. Antiferromagnetic next-nearest-neighbor
interaction still remains crucial for stabilizing the 4SL phase,
a result that underlines, such as in CuCrO2 and CuFeO2, the
importance of that kind of exchange in the understanding of
the magnetic properties of triangular lattices.

II. EXPERIMENT

Five grams of polycrystalline AgCrS2 were prepared by
high-temperature solid-state reaction. Powders of Ag, Cr, and
S precursors were weighted according to the stoichiometric
ratio. The resulting powder was carefully ground, was pressed
in the shape of bars, and was heated in an evacuated silica
tube at 900 ◦C for 12 h. The sample was then checked by
room-temperature x-ray diffraction and was found to be single
phase. This sample was used for the earlier study17 mentioned
in the Introduction.

TOF inelastic-neutron-scattering experiments were per-
formed using the thermal spectrometer IN4 at the Institut Laue-
Langevin [(ILL), Grenoble] with various incident wavelength
settings (λι = 1.1, 1.6, and 3.2 Å). At 1.6 Å, the instrumental
resolution is ∼0.7 meV. Additional inelastic TOF data were
taken on the IN5 (ILL) cold neutron spectrometer (λι = 5.0 Å)
with a higher resolution of 80 μeV.

III. RESULTS AND DISCUSSION

A. A. Inelastic scattering results

Figure 2(a) shows the temperature evolution of the powder
averaged S(Q,ω) maps of AgCrS2, recorded on IN4 with an
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FIG. 1. (Color online) (a) Layered structure of AgCrS2 (R3m

space group). Compact layers of CrO6 octahedra are shown in
green (gray). In (b) and (c) are illustrated the projections within
the triangular plane and along bm, respectively, of the four-sublattice
magnetic structure of AgCrS2. Distances at 10 K (from Ref. 17) are in
angstroms in (b). In (c), the monoclinic Cm cell is outlined in red (dark
gray), the (0 0 0.25) magnetic cell is in thin light gray. The different
exchange paths Jab, JNN, and JC are indicated by full colored lines
(dark blue (dark gray), light blue (light gray), and green [thick gray
lines in (c)], respectively), the degenerate exchange pathsJ ′

ab, J ′
NN,

and J ′
C , along which the ↑↑↓↓ configuration is found, are indicated

by dotted colored lines with the same color scheme.

incident wavelength of λ = 1.6 Å. Above TN, from 70 to
42 K, a broad magnetic scattering signal is observed at low
Q. As can be better visualized on the 70-K map recorded at
λ = 3.2 Å [Fig. 3(a)] and on the corresponding ω = 1-meV
profile [Fig. 3(b)], the Q dependence of this signal does not
follow the form factor of the Cr3+ ion as would be expected in
the case of paramagnetic Cr3+ but, instead, shows a correlation
peak around 0.6 Å−1. The constant Q = 0.6 Å−1 profile of this
signal exhibits the usual Lorentzian shape of a quasielastic-like
scattering with a FWHM of 1.7(3) meV [Fig. 3(c)]. This
characterizes slow magnetic fluctuations corresponding to a
Cr-Cr distance of about 6 to 7 Å,17 thus, involving next-
nearest-neighbor interactions, which persist well above TN, a
behavior often observed in layered compounds.8 Broad diffuse
scattering centered around 1.9 Å−1 is also observed.

As the temperature is lowered below TN, there is a
redistribution of the magnetic intensity, and two new features
become visible, a signal around 17 meV extending up to
3 Å−1 and a signal around 8 meV centered around 2 Å−1

as shown in Fig. 2(b). Below 40.5 K, AgCrS2 exhibits
long-range antiferromagnetic order,17 and these features are,
therefore, attributed to the spin-wave dispersion associated
with the magnetic ordering. In this picture, the 17-meV
feature can be seen as the top of the excitation band [a
low-temperature spectrum measured at λ = 1.1 Å (not shown)
confirms that there is no additional excitation, up to 62 meV].
To access the part of the dispersion emerging from the low-Q
magnetic Bragg peaks (at Q = 0.65 and 0.75 Å−1), large
incident wavelength measurements using the IN5 spectrometer
(experimental resolution δE = 0.08 meV) were performed,
which actually evidence an easy-axis-like anisotropy gap at
Q = 0.65 and 0.75 Å−1 [Fig. 4(a)]. The value of this gap can
be estimated to be about 0.7 meV [Fig. 4(b)] as is further
supported by the absence of any excitation in the Q scan at

FIG. 2. (Color online) (a) Temperature evolution of the dynamical
structure factor S(Q,ω) (IN4 data, λ = 1.6 Å) of polycrystalline
AgCrS2. (b) Constant energy transfer profiles at ω = 17 meV (λi =
1.6 Å, left) and ω = 7.5 meV (λi = 2.2 Å, right) in AgCrS2 at 2 and
70 K.

constant ω = 0.5 meV in contrast with the Q scan at ω =
1.0 meV [Fig. 4(c)].

At all temperatures, independent of the magnetic ordering,
a signal extending over a broad-Q range, and whose intensity
increases with increasing Q, is observed around ω = 3 meV;
decreasing the temperature leads to a significant decrease in
the intensity of this signal on the S(Q,ω) maps, suggesting a
phonon-like excitation. This low-frequency phonon has been
studied in detail in the 10–800-K temperature range22 and has
been identified as a transverse optical phonon resulting from a
strongly anisotropic in-plane motion of the Ag+ ions, down to
low temperatures. Within the experimental resolution, there is
no change in the energy of this phonon at TN.

B. Classical energy calculations

To narrow down the number of parameters involved in
the spin-wave modeling of the inelastic-scattering results,
the magnetic phase diagram of a distorted triangular lattice
has been investigated as a function of the different relevant
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FIG. 3. (Color online) S(Q,ω) map (IN4 data, λ = 3.2 Å) of polycrystalline AgCrS2 at (a) 70 K, (b) corresponding profiles at constant
energy transfer ω = 1 meV, and (c) constant momentum transfer Q = 0.6 Å−1. The gray area shows the incoherent elastic signal, modeled
using a Gaussian with a FWHM equal to the instrumental resolution.

magnetic interactions illustrated in Figs. 1(b) and 1(c). The
distortion of the triangular lattice is taken into account using a
simple monoclinic cell (identified with the subscript m) with
am = (aR − bR), bm = aR + bR, and cm = (cR − aR + bR)/3
with respect to the original rhombohedral structure (identified
with the subscript R) corresponding to perfect triangular
layers stacked in a ABCABC. . . fashion. There are two

nonsymmetry-related Cr3+ sites in the magnetic cell. The
two nearest-neighbor interactions are labeled Jab and J ′

ab and
correspond, respectively, to the exchange paths alongside the
long Cr-Cr distances parallel to [010]m and to the shorter Cr-Cr
distances along [ 1

2
1
2 1 ]m and [ 1

2 − 1
2 1 ]m [see Fig. 1(b),

according to Ref. 17]. Similarly, there are two next-nearest-
neighbor interactions JNN and J ′

NN (the monoclinic distortion

FIG. 4. (Color online) S(Q,ω) maps of polycrystalline AgCrS2 at (a) 30 K (IN5 data, λi = 5.0 Å), (b) corresponding profiles at constant
momentum transfer Q = 0.65 Å−1, and (c) constant energy transfer ω = 0.5 and 1 meV.
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FIG. 5. (Color online) Magnetic phase diagrams showing the dependence of the magnetic propagation vector k as a function of (JNN,JC)
for a normalized Jab = 1 with (a) J ′

ab = −0.1 and J ′
NN = J ′

C = 0, (b) J ′
ab = −0.5 and J ′

NN = J ′
C = 0, (c)J ′

ab = −0.1, J ′
NN = 0, and J ′

C = −0.1,
and (d) J ′

ab = −0.5, J ′
NN = 0, and J ′

C = 0.1. The definition of the different J ’s is given in Figs. 1(b) and 1(c). On the right side are illustrated
the projections along [010]m of the three commensurate magnetic phases, labeled I, II, and III, appearing in the phase diagram and which
correspond to the propagation vectors (0.5 0 0.25), (0 0 0), and (0 0 0.5), respectively.

leads to a shorter Cr-Cr distance along the [102]m direction
corresponding to the JNN path) and two interplane couplings
JC and J ′

C as the distortion also lifts the degeneracy of the two
interlayer exchange paths [Fig. 1(c)]. All the above interactions
are supposed to be Heisenberg-like. The magnetic Hamiltonian
of AgCrS2 can, thus, be expressed as

H = Hab + HNN + HC, (1)

with

H =
∑

i,j

Jij SiSj + Dn

∑

i

(Sin)2. (2)

It takes into account exchange couplings acting between
neighboring spins as well as single-ion anisotropy D. If D is
negative, it accounts for an easy-axis anisotropy with n being
the easy-axis direction. In the mean-field approximation, it
can be used to explore the stable magnetic structures, defined

by their propagation vector k as a function of the exchange
interactions described above. Note that the (0 0 0.25) magnetic
structure described in the complex Cm monoclinic cell of
AgCrS2 (Ref. 17) corresponds, in the setting chosen here,
to a propagation vector of the type k4SL = (0.5 0 0.25). In
preliminary investigations of the magnetic phase diagram of
AgCrS2, it was found that introducing an antiferromagnetic
Jab exchange always leads to magnetic propagation vectors
with an incommensurate component along bm. Consequently,
the J space was narrowed down to include only ferromagnetic
Jab in the calculations of the phase diagrams presented here
with k vectors of the form (kx ,0,kz). This result is further
supported by the fact that, in the distorted lattice, the Jab

exchange path is along the longest Cr-Cr distance (∼3.50 Å),
close to the threshold value of 3.6 Å determined by Engelsman
et al.20 and Rosenberg et al.23 in their study of various
chromium sulfides and selenides to give rise to a ferromagnetic
exchange interaction. The fact that ferromagnetic exchange
paths are found for large Cr-Cr distances has also recently
been confirmed in an inelastic-scattering study of AgCrSe2.24

Calculations also showed that the (0.5 0 0.25) magnetic
phase characterizing AgCrS2 cannot be stabilized for a
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ferromagnetic J ′
ab. The (JNN,JC) phase diagrams obtained

for different values of J ′
ab (<0) and J ′

C are illustrated in
Fig. 5. In Fig. 5(a), which corresponds to J ′

ab/Jab = −0.1, four
magnetic phases can be distinguished: The 4SL phase is stable
only for an antiferromagnetic JC and an antiferromagnetic
JNN with |JNN| > |J ′

ab|. A larger J ′
ab will result in a larger

JNN to stabilize the 4SL phase, whose existence range is,
therefore, reduced [see Fig. 5(b)] to the benefit of a C-type-
like phase (antiferromagnetic arrangement of ferromagnetic
chains parallel to [010]m) and an incommensurate one of
the type (0.5 − ε,0,0.25 − ε′). As can be deduced from
Fig. 1(b), introducing a J ′

NN interaction in (1) has the same
consequences on the phase diagram as modifying J ′

ab, both
effects adding up. In contrast, introducing a J ′

C term, whether
ferro- or antiferromagnetic, in the Hamiltonian, leads to the
destabilization of the 4SL phase to the benefit of a related but
incommensurate one in the cm direction [Figs. 5(c) and 5(d)].

Using these simple mean-field calculations, it appears that
the 4SL phase of AgCrS2 can be stabilized taking into account
a ferromagnetic Jab and antiferromagnetic JNN and JC with
(J ′

ab + J ′
NN) antiferromagnetic and |JNN| > |J ′

ab + J ′
NN| and

with D = 0. Accordingly, the value of the next-nearest-
neighbor coupling JNN has to be large enough to overcome
the destabilizing effect ofJ ′

ab and underlines the major role
of this interaction. In contrast to the perfect triangular lattice,
in which it has been shown to induce incommensurability
with respect to the 120◦ phase,8 JNN stabilizes a collinear
magnetic phase in the case of an antiferromagnetic JC . Adding
an axial anisotropy term D in the model Hamiltonian—to
reproduce the experimental evidence of a gap in the excitation
spectrum—stabilizes the collinear phases with respect to the
incommensurate ones, thus, modifying the phase diagrams of
Fig. 5. In particular, it becomes possible to stabilize the 4SL
phase with a nonzero J ′

C ; however, if this anisotropy term is
kept small, the stability range of the 4SL phase is only slightly
modified, and the conclusions drawn on the relative values of
the different exchanges are still valid.

C. Spin-wave simulations

To model the spin dynamics, spin-wave calculations were
performed using the SPINWAVE software developed at Labora-
toire Léon Brillouin. Based on the Holstein-Primakov approx-
imation, the code diagonalizes the chosen spin Hamiltonian;
in the present case, the calculations were performed using
isotropic exchange couplings and an easy-axis anisotropy
term along [010]m. S(Q,ω) is first calculated over a sphere
in the reciprocal space, and powder averaging is performed
sampling the sphere following a Fibonacci-based algorithm.25

The validity of this type of calculations was first tested
by comparing the powder averaged S(Q,ω) calculated from
a set of J ’s taken from a recent CuCrO2 single-crystal
neutron-inelastic-scattering study8 with the experimental data
of polycrystalline CuCrO2 at 5 K.26 According to the mean-
field results presented in the previous section, the following
magnetic exchange parameters were introduced in (1): Jab,
J ′

ab, JNN, JC , and D[010]m (D < 0) to keep the modeling as
simple as possible. The value of J ′

ab does not have a major
impact on the excitation spectrum and was chosen weakly
antiferromagnetic to keep the range of (JNN,JC) in which the

4SL phase is stable as large as possible. Aside from the D[010]m
term, which is easily determined, there are two features of the
excitation spectrum which are visible on the S(Q,ω) maps
and three parameters to find so that several sets of exchange
parameters leading to a reasonable agreement between the
simulated scattering map and the data can be obtained.
However, calculations show rather clearly that the energy
position of the ∼8 meV feature is mainly controlled by JNN +
αJC (α > 1), whereas, the energy position of the top of the
band depends roughly on the sum of all exchange interactions:
As a result, if J ′

ab is kept negligible, Jab can be estimated
rather precisely, whereas, uncertainty remains concerning
the ratio between JNN and JC . Figure 6(a) illustrates an
example of the dynamical structure factor calculated for the
set of parameters Jab = 1.80, J ′

ab = −0.05, JNN = −1.00,
JC = −0.60, and D[010]m = −0.03 meV, which leads to a
satisfactory agreement with the experimental data [Fig. 6(b)].
It is to be compared with Fig. 6(c), which shows the excitation
spectrum of AgCrS2 calculated with the following parameters:
Jab = 1.70, J ′

ab = −0.15, JNN = −0.80, JC = −0.80, and
D[010]m = −0.03 meV and which also reasonably reproduces
the experimental spectrum. Assuming J ′

ab remains weak,
according to the stability domain calculated in the phase
diagram, Jab can, therefore, be estimated to be 1.8(2) meV.
As mentioned above, JNN and JC parameters are strongly
correlated in the powder averaging of the excitation spectrum;
the best qualitative results, nevertheless, are obtained for
JNN + JC ∼ 1.6(2) meV with JNN and JC values in the range
of 0.4–1.2 meV. In particular, for JC � JNN and outside
the specified range—a fairly unlikely hypothesis given the
distance between magnetic layers—magnetic scattering is
calculated below the 8-meV feature.

As shown in Fig. 7 in the case of Jab = 1.80, J ′
ab = −0.05,

JNN = −1.00, JC = −0.60, and D[010]m = −0.03 meV, the
calculation also properly reproduces the fine details of the
low-energy and low-momentum transfer part of the dispersion
seen on the λi = 5-Å data [Fig. 7(c)], and in particular,
the weak easy-axis-like anisotropy gap [Fig. 7(b)], further
corroborating the validity of the model.

Based on this simple approach, both mean-field calculations
and inelastic-neutron-scattering data, therefore, confirm that,
in AgCrS2, the 4SL phase is a consequence of a strong
ferromagnetic coupling along the stripes with substantial
antiferromagnetic JNN coupling perpendicularly to the stripes.

D. Discussion

The role of the lattice distortion—which is also observed
in other sulfides, such as CuCrS2 (Ref. 27) and AuCrS2

(Ref. 28)—is significant in AgCrS2: It leads, in particular, to
a ferromagnetic coupling along one direction of the triangle,
following the threshold scenario in which the Jab exchange
changes sign for a Cr-Cr distance above ∼3.50 Å. Another
unusual aspect of AgCrS2 is the particularly large value of the
next-nearest exchange JNN: Based on the data modeling, it is on
the order of ∼− 1 meV, e.g., four times larger than in CuCrO2,8

despite the fact that the corresponding second-neighbor Cr-Cr
distance is much larger in the sulfide than in the oxide (6.03 Å
on average in AgCrS2 against 5.14 Å in CuCrO2). With such
a large value of JNN, it is arguable from classical energy
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FIG. 6. (Color online) (a) Powder average calculation of the magnetic excitations spectrum of AgCrS2, using Jab = 1.80, J ′
ab = −0.05,

JNN = −1.00, JC = −0.60, and D[010]m = −0.03 meV, and the superposition with the experimental data at 2 K for λi = 1.6 Å is shown
in (b). (c) The same as (b) for a calculation based on the following parameters: Jab = 1.70, J ′

ab = −0.15, JNN = −0.80, JC = −0.80, and
D[010]m = −0.03 meV.

calculations8 that the magnetic ground state within a triangular
plane would be, without the distortion, not the 120◦ structure
associated with the (1/3 1/3) propagation vector but, rather,
the collinear C-type ordering associated with a propagation
vector (1/2 1/2). In such a C-type magnetic ordering, there is
actually a ferromagnetic ordering along the [110]R direction,
which is reminiscent of the one observed in AgCrS2 along
bm: In the latter, the 4SL structure becomes the new magnetic
ground state as the distortion of the crystal structure lifts the
sixfold degeneracy of the JNN paths, lowering the classical
energy if Jab > |J ′

ab|.
The quasielastic magnetic signal observed above TN is

actually related to the magnetic ground state before the
distortion and is, therefore, instructive in this context. In
materials where magnetic ordering is precluded by competing
interactions, a large quasielastic scattering is often seen, which
can be decomposed into an elastic and a quasielastic part,
whose contributions increase and decrease, respectively, when
temperature is lowered.29 Accordingly, a detailed analysis of
the Q width and of the energy range, along with the evolution
vs temperature of the quasi-elastic-scattering signal of AgCrS2

could provide useful information about the magnetic exchange
topology above TN, that is, before the symmetry lowering of
the lattice.

In contrast with AgCrS2, in other examples of layered
oxides in which distortion releases the frustration of the trian-
gular lattice, such as CuMnO2 or CuFeO2, the role of the Ising-
like anisotropy is prominent. In CuMnO2,30 at the collinear
magnetic-ordering temperature, the triangular lattice becomes
scalene with three different Mn-Mn distances. Excitations are
gapped,31 and it is thought that the strong anisotropy of the
Mn moment in its environment prevents the 120◦ ordering
to establish, stabilizing a collinear arrangement, instead. This
is akin to an Ising-like situation, and the only resource for
the system to release the frustration of the antiferromagnetic
exchange is the lattice distortion. In CuFeO2, the system
undergoes a lattice distortion at the onset of the 4SL magnetic
ordering from a R3̄m to a monoclinic C2/m symmetry,32

which only partially lifts the degeneracy of the exchange
paths, such as in AgCrS2. The 4SL magnetic ordering in
CuFeO2 is actually different from the one observed in AgCrS2

as the spin arrangement along [010]m is not ferromagnetic
but antiferromagnetic. Based on calculations performed on
perfect triangular lattices, Ising-like anisotropy is needed
to stabilize such a structure33 in agreement with inelastic-
neutron-scattering measurements evidencing an easy-axis gap
of ∼0.9 meV in the spin-wave excitations.34 The impact of the
spin-driven lattice distortion on the exchange interactions in
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FIG. 7. (Color online) (a) Superposition of the calculation (using Jab = 1.80, J ′
ab = −0.05, JNN = −1.00, JC = −0.60, and D[010]m =

−0.03 meV) with the experimental data at 30 K for λi = 5.0 Å. For a more quantitative comparison, (b) the corresponding intensity profiles
at constant Q = 0.65 Å−1 and (c) constant ω = 1 meV are also shown (black symbols: experimental data; red line: calculated profile). The
experimental data have been corrected by the Bose factor.

CuFeO2 was also investigated recently:35 The magnitude, but
not the sign, of the first-neighbor exchange is significantly
modified by the distortion. The same observation applies
to the second- and third-neighbor in-plane exchanges as
well as interplane interactions, emphasizing the need to
take into account the symmetry lowering of the exchange
paths in the magnetic phase diagram calculations of this
system.

Note here that, in the chromium delafossite CuCrO2, no
lattice distortion has been evidenced so far,7 and the magnetic
ground state is close to that expected for Heisenberg spins on
a perfect triangular lattice.8

In sulfide systems, magnetoelastic effects are more often
encountered than in their oxide counterparts as they are less
ionic, and the electrostatic term in the global energy of the
system is comparatively small.36 A detailed comprehension
of the effect of bond length on the magnetic exchange sign
is necessary at this stage; nevertheless, a small electrostatic
energy term, along with a strong spin-lattice coupling, are
two key characteristics to take into account to understand
ferroelectricity in AgCrS2. Going further is challenging,
however, as the magnetoelastic coupling and the fact that the
crystal structure of AgCrS2 should be polar above and below
TN make it difficult to determine the macroscopic mechanism
behind ferroelectricity. Large atomic displacements, resulting
from the shearing of the planes perpendicular to cR , subsequent
to the lattice distortion, could be invoked, that would lead to
a polarization vector lying in the ac plane of the monoclinic
cell.17 A more-complex scenario, similar to the one proposed
in Ref. 37 for the related 4SL magnetic structure of the
HoMnO3 perovskite, could involve transverse shifts in the
sulfur atoms along the ↑↑↓↓ chains to modulate the Cr-S-Cr
angle depending on whether adjacent spins are parallel or

antiparallel [note that this can also affect the magnitude of
the exchange interaction as in the model proposed for CuFeO2

(Ref. 35)]. This should lead to a polarization vector lying
along bm. These mechanisms remain to be evidenced yet in
AgCrS2 as they are beyond the experimental resolution of
powder scattering.

IV. CONCLUSION

Inelastic-scattering experiments combined with mean-field
and spin-wave calculations have shown that the unusual four-
sublattice magnetic ground state of AgCrS2 can be stabilized
considering a ferromagnetic first-neighbor exchange along the
longest Cr-Cr distance of the monoclinic cell and a large an-
tiferromagnetic second-neighbor exchange JNN perpendicular
to these ferromagnetic chains. The exchange along the two
shortest Cr-Cr distances of the distorted cell remains weakly
antiferromagnetic. This shows that, by changing the sign of the
first-neighbor interaction, the lattice degree of freedom is the
key to the stabilization of the collinear 4SL magnetic structure
of AgCrS2.
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