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We report temperature-dependent x-ray powder diffraction patterns and single-crystal electron spin reso-
nance~ESR! and Raman spectra of the two-dimensional triangular-lattice antiferromagnet RbFe(MoO4)2. A
structural phase transition is found to occur in this compound atTc.190 K. By analyzing our data and the
literature data on similar compounds, we conclude that the 190 K transition comprises rotations of MoO4

tetrahedra and is, most likely, a transformation from a highly symmetricP3̄m1 room-temperature structure

into a very similar but less symmetricP3̄c1 low-temperature one. The shift of the ESR frequency and the ESR
linewidth were found to be determined by the crystal field influence and are described well considering the
single-ion anisotropy with the constantD/kB50.25 K. The change of the crystal field at the iron site below the
phase-transition pointTc is estimated.

DOI: 10.1103/PhysRevB.68.174408 PACS number~s!: 61.10.2i, 61.18.2j, 78.30.2j
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I. INTRODUCTION

Two-dimensional~2D! triangular-lattice antiferromagnet
are of interest in connection with the problem of magne
ordering in frustrated spin systems. RbFe(MoO4)2 is a rare
example of a nearly 2D ‘‘triangular’’ antiferromagnet su
able for magnetic measurements and available in sin
crystal form.

RbFe(MoO4)2 belongs to the family of layered trigona
molybdates and tungstates with the structure
KAl(MoO4)2 type.1 Magnetic Fe31 ions situated inside
FeO6 octahedra form triangular-lattice layers that run p
pendicular to thec axis and are separated by the success
MoO4, Rb, and MoO4 layers ~see Fig. 1!. Isolated MoO4
tetrahedra share common vertices with isolated FeO6 octahe-
dra, so that the shortest exchange paths between neighb
Fe31 ions~situated at a distance equal to the unit-cell para
eter a55.69 Å) go through two oxygen ions. The neare
Fe31 ions in different layers are placed at a distance of
unit-cell parameter c57.48 Å and are interconnecte
through three or even four oxygens. The space group
RbFe(MoO4)2 at room temperature is P3̄m1
(D3d

3 , Z51).1–3

Magnetic properties of the ordered state found below
Néel temperatureTN53.8 K were studied in Refs. 4, 5
Spins of the Fe31 ions are arranged at 120° apart formin
three magnetic sublattices within a layer of magnetic io
0163-1829/2003/68~17!/174408~8!/$20.00 68 1744
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The behavior of the magnetization and ESR spectra co
spond roughly to that of a planar antiferromagnet with t
‘‘triangular’’ magnetic structure. Nevertheless, a weak int
plane interaction gives rise to additional phase transiti
and spin-wave modes. Moreover, the magnetic structure
pears to be incommensurate in thec direction~perpendicular
to magnetic planes!.6 The nature of the incommensura
modulation of the magnetic structure is still unknown.

Several members of the aforementioned family of trigo
molybdates and tungstates undergo structural phase tr
tions with temperature.7 As far as we know, the crystal struc
ture of RbFe(MoO4)2 was investigated only at room tem
perature.

The knowledge of the distinct crystal structure is of im
portance for the explanation of the incommensurate magn
structure, because the appropriate phase transitions are
metry sensitive~see, e.g., Ref. 8!. In this work, we study the
temperature-dependent peculiarities of the structure
RbFe(MoO4)2 using x-ray diffraction, electron spin reso
nance~ESR!, and Raman scattering.

II. EXPERIMENT

Single crystals of RbFe(MoO4)2 were grown by a flux
method described in Ref. 3. Greenish, transparent thin c
tals with typical dimensions of 23230.2 mm3 were ob-
tained.

X-ray diffraction data were collected on powder samp
©2003 The American Physical Society08-1
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prepared from single crystals, at the temperatures 300,
200, 180, 150, and 100 K. CuKa radiation was monochro
matized by a curved germanium crystal. The indexation
the powder x-ray patterns was made using the prog
WINXPOW-1999. ESR measurements in the temperature ra
4.2<T<300 K were performed with a Bruker ELEXSY
E500CW spectrometer atX-band andQ-band frequencies
~9.5 and 34 GHz, respectively!. The spectrometer wa
equipped with an Oxford Instruments continuous He fl
cryostat. The magnetic susceptibility at the temperatures
tween 1.8 and 300 K was measured with a SQUID mag
tometer~Quantum Design!.

Raman scattering was excited by the 514-nm line of
Ar-ion laser. Raman spectra at room temperature were m
sured in the Institute of Spectroscopy, employing a hom
made triple spectrograph and a multichannel system con
ing of an image-intensifier tube with a multichannel pla
and a vidicon. The temperature-dependent Raman spe
were taken in the University of Groningen using a SPE
14018 spectrometer and a Burle C13-34 photomultiplier. T
typical laser power in these experiments was 20 mW
single crystal of RbFe(MoO4)2 was attached to a coppe
sample holder by a silver paste and was placed into a clo
cycle He cryostat. The temperature of the holder near
sample location was measured with the aid of a silicon di
and could be varied between 33 and 300 K. Most of
samples strongly depolarize the light, so it was difficult
perform polarization measurements. Partially polarized
man scattering inz(xx)y andz(xz)y configurations has bee
measured from a selected sample at room temperature.

III. RESULTS

A. X-ray powder diffraction

Powder x-ray diffraction patterns taken at 300 and 100
are shown in Fig. 2~a!. These patterns are similar one
another, the last one demonstrates some shift to larger a
values. At 180 K and, to a less extent, at 150 K seve
reflections became asymmetric. The temperature depend

FIG. 1. Crystal structure of RbFe(MoO4)2. Fe and Rb atoms are
represented by small and, correspondingly, big balls. Mo ato
reside within MoO4 tetrahedra~light-gray!. Only one FeO6 octahe-
dron is shown.~a! A general view.~b! @001# view.
17440
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of the unit-cell parametersa andc display a peculiarity near
200 K pointing to a phase transition@see Fig. 2~b!#. Unfor-
tunately, the accuracy of our x-ray experiment at low te
peratures did not allow to make a choice between the c
space groupsP3̄m1 andP3̄c1.

B. Electron spin resonance

At temperatures higher than the Ne´el temperature, the
ESR spectrum of the RbFe(MoO4)2 crystal consists of a
single exchange-narrowed Lorentzian line with a resona
field corresponding to ag factor nearg'2. Figure 3 illus-
trates the results obtained at the microwave frequency 9
GHz (X band!. The upper frame shows the temperature d
pendence of the resonance linewidthDH @here DH is the
half-width at half maximum~HWHM!#. Since the linewidth
is of the same order of magnitude as the resonance
~shown in the lower frame!, the spectra were evaluated ta
ing into account both circular components of the resonan
as described, e.g., in Ref. 9. The linewidth exhibits a p
nounced anisotropy with respect to the crystallographic
axis. For the external magnetic fieldH applied parallel to the
c axis (u50°), the width is two times larger~1.5 kOe at
room temperature! than for the magnetic field applied withi
the basal plane (u590°), where it remains unchanged o
rotation about thec axis. With decreasing temperature, th
linewidth gradually increases and finally, nearTN , demon-
strates a rapid growth typical for a critical behavior. Focu
ing on the phase transition near 200 K, where the latt

s

FIG. 2. Powder x-ray diffraction patterns of RbFe(MoO4)2 at
300 and 100 K~a! and crystallographic cell parametersa ~filled
squares! andc ~open circles! as a function of temperature~b!.
8-2
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STRUCTURAL PHASE TRANSITION IN THE TWO- . . . PHYSICAL REVIEW B 68, 174408 ~2003!
constant changes, we observe a distinct step of about 4
the linewidth atTc5190 K. At the same temperature, th
resonance fieldH res, which remained nearly unchange
above 50 K, exhibits a shift of approximately 1%. The i
verse ESR intensity 1/I ESR agrees well with the Curie-Weis
law found for the inverse susceptibility 1/x from SQUID
measurements, as depicted in the inset of Fig. 3. Both s
a slight kink nearTc , as well.

The critical line broadening on approachingTN indicates
an increasing importance of short-range order effects be
50 K. These effects give rise to fluctuating internal field
which are independent of the external field, and which s
the resonance field. This shift is added to the paramagn
shift due to the single ion anisotropy, and will be discuss
below. To separate both contributions to the resonance s
we performed additional ESR measurements at a higher
crowave frequency of 34 GHz (Q band!. Figure 4 shows the
temperature dependences of the resonance field~lower
frame! and of the linewidth~upper frame! for both main
orientations of the magnetic field at 34 GHz. The linewid
data agree well with those obtained at 9.48 GHz~see inset!.
The anisotropy of the resonance field increases with decr
ing temperature. The clear decrease of the resonance
observed at 34 GHz for the magnetic field applied in
basal plane was not detected at 9.48 GHz, but just the o
site behavior was observed resulting from the dominanc
the short-range order in low external fields. However, at

FIG. 3. Temperature dependence of the 9.48 GHz ESR l
width ~upper frame! and the resonance field~lower frame! in
RbFe(MoO4)2 for the magnetic field applied parallel (u50°) and
perpendicular (u590°) to the crystallographicc axis. Inset: tem-
perature dependence of the inverse ESR intensity 1/I ESR compared
to the inverse static susceptibility 1/x.
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GHz the paramagnetic shift governs the resonance pos
due to the higher external field.

C. Group-theoretical analysis of vibrational modes

RbFe(MoO4)2 contains one formula unit (N512 atoms!
in a primitive cell of the trigonal space groupP3̄m1. Thus,
there are 3N23533 optical vibrations. To determine the
symmetries, we perform a nuclear-site group analysi10

Table I displays the crystallographic positions occupied
different atoms and the contributions from these atoms to
vibrational modes of the crystal. The atomic position is in
cated according to the Wyckoff notation. The number
equivalent sites is given by a number before the letter no

- FIG. 4. Temperature dependence of the 34 GHz ESR linew
~upper frame! and the resonance field~lower frame! in
RbFe(MoO4)2 for the magnetic field applied parallel (u50°) and
perpendicular (u590°) to the crystallographicc axis. The solid line
is obtained from the fit described in the discussion. Inset: Angu
dependence of the linewidth at 150 K for bothX- andQ-band fre-
quencies.

TABLE I. Crystallographic positions occupied by different a
oms and corresponding contributions to the vibrational modes

RbFe(MoO4)2 , P3̄m1 space group.

Atom
position

Local
symm.

Vibrational modes

Rb 1b D3d A2u1Eu

Fe 1a D3d A2u1Eu

Mo 2d C3v A1g1A2u1Eg1Eu

O1 2d C3v A1g1A2u1Eg1Eu

O2 6i Cs 2A1g1A1u1A2g12A2u13Eg13Eu
8-3



ed

O

an
ub

a

.

w
he

-
el
n

h

no

o
in
nd
ke

c

s

ng
he

In

ra-
et-

-

a a
c-
d

a

d

S. A. KLIMIN et al. PHYSICAL REVIEW B 68, 174408 ~2003!
tion. The local symmetry of an atomic position is indicat
by the point-group symbol~in Schönfliess notation!. We note
that there are two nonequivalent oxygen atoms O1 and
O1 atoms reside directly above~or below!, Mo atoms in the
MoO4 tetrahedra, whereas O2 atoms are in the basal pl
Summarizing the contributions from all the atoms and s
tracting the acoustic modes (A2u1Eu), we obtain the fol-
lowing optical vibrational modes of RbFe(MoO4)2:

Gopt~P3̄m1!54A1g~xx,yy,zz!1A2g15Eg~xz,yz,xy!

1A1u15A2u~Euuz!16Eu~Euux,Euuy!. ~1!

There are 9 Raman (4A1g15Eg) and 11 infrared (5A2u
16Eu) modes. Note that the space group of RbFe(MoO4)2
contains the inversion operation and therefore Raman
infrared modes are well separated. Even~g! vibrations are
Raman active, whereas the odd~u! ones are infrared active
A2g andA1u modes are silent.

Numerous studies of different molybdates have sho
that a part of the crystal vibrations may be identified with t
internal motions of the ‘‘free’’ (MoO4)22 tetrahedral ion
~which has Td symmetry!, n1(A1), n2(E), n3(F2), and
n4(F2).11,12As usual,A, E, andF letters refer to nondegen
erate, doubly and triply degenerate vibrations, respectiv
To show the origin of the crystal lattice vibrations, we co
struct a correlation scheme for RbFe(MoO4)2 ~see Fig. 5!.
The C3v site symmetry of the MoO4 ion splits the triply
degeneraten3 andn4 vibrations (F2→A11E). The presence
of two molybdate ions in the primitive cell, interacting wit
each other, results in the additional Davydov~or factor
group! splitting, namely, n3 ,n4(F2)→(A1g1A2u)1(Eg
1Eu). Note, that the motions of Rb and Fe atoms do
manifest themselves in the Raman spectra.

D. Raman spectra

Figure 6~a! displays unpolarized Raman spectra
RbFe(MoO4)2 at room temperature and at 33 K. Below
this section, the temperatures of the sample holder are i
cated and the heating of the sample by laser light is not ta
into account. The room-temperature spectrum consists
nine lines, which is consistent with theP3̄m1 space group.
Table II gives the assignements of Raman modes dedu
from the partially polarized spectra@see Fig. 6~b!# and from

FIG. 5. Correlation scheme for vibrations of RbFe(MoO4)2.
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a comparison with literature data on similar compound11

and on aqueous solution of (MoO4)22, Ref. 12.
All the Raman lines shift and narrow with decreasi

temperature~see Fig. 7!. The temperature dependences of t
line positions~Fig. 8! and linewidths~Fig. 9! show a specific
feature atTc.180 K that evidences a phase transition.
particular, the distance between the two strong lines (A1g
1Eg) originating from the n4(F2) vibration of the
(MoO4)22 tetrahedron, grows below the transition tempe
ture, reflecting an additional distortion of the mentioned t
rahedron. The localC3v symmetry of (MoO4)22 either does
not lower or lowers toC3 ~no splitting of the doubly degen
erate components of then4 or n3 vibrations is observed!.

In the lowest-frequency region of the Raman spectr
new line near 80 cm21 appears in the low-temperature spe
trum @Figs. 6~a! and 7~a!#. This line strongly broadens an
shifts to lower frequencies when approachingTc from below
@see Figs. 7~a!, 8~a!, and 9~a!#.

IV. DISCUSSION

The Raman, ESR, and x-ray diffraction data point to
structural phase transition in RbFe(MoO4)2 at Tc.190 K.

TABLE II. Raman modes of RbFe(MoO4)2 at room tempera-
ture.

FIG. 6. Unpolarized Raman spectra of RbFe(MoO4)2 at room
temperature and 33 K~a! and room temperature partially polarize
spectra~b!.
8-4
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STRUCTURAL PHASE TRANSITION IN THE TWO- . . . PHYSICAL REVIEW B 68, 174408 ~2003!
~In view of the temperatureTc.180 K that follows from
Raman measurements a heating of the sample by laser
should be about 10 K which seems to be reasonable.! The
Raman spectrum does not change qualitatively belowTc ,
except for the appearance of one new low-frequency mo
Such a mode could be of magnetic origin, due to, e.g., tw
magnon Raman scattering. In low-dimensional systems m
netic modes are observed well aboveTN , due to short-range
antiferromagnetic order~see, e.g., Ref. 13!. However, the
highest frequency in the magnon spectrum of RbFe(MoO4)2
as calculated from the value of the exchange field 67 k
~Ref. 5! and according to the calculations of the spin-wa
spectrum14 is only 6.3 cm21, by far too low to account for
the 80 cm21 Raman mode. As an alternative interpretatio
one could suggest the amplitude mode of an incommensu
structural phase transition. The asymmetric reflections
served in the temperature interval belowTc could be due to
the appearance of satellites in an incommensurate phas
that case, the phase transition atTc.190 K into an incom-
mensurate crystal structure would be a precursor of the
commensurate magnetic phase belowTN53.8 K. However,
in all the investigated incommensurate crystals the freque
of the amplitude mode does not exceed 40 cm21 ~see, e.g.,
Ref. 15!, which makes the aforementioned interpretation u
likely.

Double molybdates and tungstates with general form
A1R31(MO4)2 ~hereA is alkaline atom, Ag, or Tl,R is rare
earth, Bi, In, Sc, Ga, Al, Fe, or Cr,M stands for Mo or W!
demonstrate a vast variety of crystal structures, exhibit po
morphic transformations and structural phase transitions1,3,7

FIG. 7. Raman lines of RbFe(MoO4)2 at different temperatures
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A thorough crystallographic and x-ray structural study
single crystals of KAl(MoO4)2 , KSc(MoO4)2, and
KFe(MoO4)2 at room temperature revealed a subtle diffe
ence between the structures of the first two and the th
compound, in spite of a complete identity of their x-ra
powder-diffraction patterns.3 The structures of KR(MoO4)2

with R5Al or Sc belong to theP3̄m1 space group wherea
the structure of KFe(MoO4)2 is described by theP3̄c1
space group. The latter structure is characterized b
pseudoperiod that doubles thec parameter. SuccessiveR lay-
ers are not translationally equivalent, as in the case of
KAl(MoO4)2 structure, but are interconnected by a gli
plane c. This structural difference is mediated by tiny di
placements of the oxygen atoms O2 whereas the position
other atoms do not change.3 The transformation fromP3̄m1
to P3̄c1 may be considered as a rotation of the tw
(MoO4)22 tetrahedra in the primitive cell of theP3̄m1
structure in opposite directions about theC3 axis. As the O2
oxygen atoms belong also to the FeO6 octahedra, these rota
tions lead to the appearance of two differently oriented oc
hedra in the newP3̄c1 primitive cell.

It is possible that the structural phase transition
RbFe(MoO4)2 at Tc.190 K is just a transformation from a
more symmetricP3̄m1 room-temperature structure into
less symmetricP3̄c1 low-temperature one, that comprise
two differently oriented FeO6 octahedra.

Table III gives atomic positions and the appropriate ir

FIG. 8. Temperature dependences of Raman frequencie
RbFe(MoO4)2. Notations refer to the corresponding external m
tions and internal vibrations of the (MoO4)22 entity.
8-5
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ducible representations for vibrational modes of theP3̄c1
structure. In total, the optical vibrations are

Gopt~P3̄c1!55A1g~xx,yy,zz!111Eg~xz,yz,xy!16A2g

16A1u16A2u~Euuz!112Eu~Euux,Euuy!.

~2!
There are 16 Raman (5A1g111Eg) and 18 infrared

(6A2u112Eu) modes. Analyzing the vibrational modes
more detail we find that four additionalEg modes and a new
doubletEg1A1g should appear in the region ofn2 , n3 , n4
vibrational, translational and, respectively, librational m
tions of the MoO4 tetrahedron, due to the additional Dav

FIG. 9. Linewidths in the Raman spectra of RbFe(MoO4)2 vs
temperature.

TABLE III. Crystallographic positions and corresponding co
tributions to the vibrational modes of RbFe(MoO4)2 in the case of

P3̄c1 structure.

Atom Local Vibrational modes
position symm.

Rb 2a D3 A2g1A2u1Eg1Eu

Fe 2b C3i A1u1A2u12Eu

Mo 4d C3 A1g1A1u1A2g1A2u12Eg12Eu

O1 4d C3 A1g1A1u1A2g1A2u12Eg12Eu

O2 12g C1 3A1g13A1u13A2g13A2u16Eg16Eu
17440
-

dov splitting in the doubled unit cell. The sixth newEg mode
comes from an activation of Rb motions in the Raman sp
tra.

The additional Davydov splitting can be small because
a weak interaction between MoO4 tetrahedra in different lay-
ers, so that it is not resolved in Raman spectra. The excep
is the additionalA1g mode, a Davydov counterpart to th
silent A2g librational mode of theP3̄m1 structure. We sug-
gest that the extra Raman mode observed belowTc in
RbFe(MoO4)2 is just this newA1g librational mode. We
have to admit, however, that a newEg mode associated with
motions of Rb is too weak to be observed.

The ESR data enable us to estimate the change of
crystal field below the phase-transition pointTc5190 K, by
means of the following considerations. The temperature
pendence of the ESR intensity above 10 K corresponds
to the Curie-Weiss law (T1QCW)21 of the static suscepti-
bility with the Curie-Weiss constantQCW'25 K. This value
gives an estimation of the exchange interaction energy. T
in the temperature range above 100 K, far from critic
broadening due to the onset of magnetic order, we cons
the ESR linewidth in the high-temperature approximati
(T@QCW). To show that the crystal field is responsible f
the line broadening in RbFe(MoO4)2, we first determine its
strength from the evaluation of the resonance field measu
at 34 GHz.

The temperature dependence of the resonance field a
GHz exhibits a signature typical for the influence of an
ternal anisotropy field, where the resonance shift is relate
the Curie-Weiss law of the susceptibility. The symmetry
the crystal field at the iron site allows only for a uniaxial sp
anisotropy with the anisotropy axis parallel to the crystal
graphicc axis. We choose this axis as thez axis of the local
coordinate system. The crystal field partially lifts the dege
eracy of the Zeeman levels of the spin-S55/2 ion Fe31,
already without magnetic field, and leads to a splitting of t
ESR spectrum. This effect is usually described in terms o
spin Hamiltonian with a single-ion anisotropy termDSz

2 ,
whereD is the anisotropy constant.16 However, the splitting
is not observed in RbFe(MoO4), because the influence of th
crystal field is effectively averaged by the isotropic Heise
berg exchange interaction. The ESR spectrum is excha
narrowed into a single resonance line, with line shift a
broadening resulting from the underlying unnarrowed sp
trum.

From the equation of motion we derive the following e
pressions describing the influence of the crystal field on
temperature dependence of the resonance fieldH res, analo-
gously to Ref. 17:

H res~ciH !5
hn

gimB
S 12

2S~S11!D

3kB~T2QCW! D
21

, ~3!

H res~c'H !5
hn

g'mB
S 11

2S~S11!D

3kB~T2QCW! D
21/2

. ~4!

Heren is the microwave frequency,h is the Planck con-
stant,mB is the Bohr magneton, andkB is the Boltzmann
8-6
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constant. Using these two equations, the temperature de
dence of the resonance field was well fitted by theg values
gi51.992(1), g'52.003(1), a Curie-Weiss temperatur
QCW5221(1) K, and anisotropy parameterD/kB
50.25(1) K. The corresponding fit curves are shown
solid lines in the lower frame of Fig. 4. Theg value is nearly
isotropic, as expected forS-state ions. The Curie-Weiss tem
perature is in good agreement with that found from the m
netic susceptibility measurements.

Having determined the anisotropy constantD, we can
roughly estimate the expected crystal-field contribution
the linewidth, in the framework of the theory of exchan
narrowing,18,19 by

DHCF.
1

gmB

D2

J
. ~5!

With the Heisenberg exchange couplingJSiSj of a spinSi
to its six nearest neighborsSj in the basal plane, we obtai
the corresponding exchange integral from the Curie-We
temperature asJ/kB'QCW/(6S2)'0.67 K. Inserting the
values forD andJ in Eq. ~5! yieldsDHCF.700 Oe, which is
the right order of magnitude.

Note that the values ofD and J determined above agre
very well with those obtained independently from the ma
netization and ESR measurements in the antiferromagn
cally ordered phase5, where the anisotropy fieldHA
5DS/(gmB)55 kOe and the exchange fieldHE
56JS/(gmB)567 kOe give D/kB50.27 K and J/kB
50.6 K, respectively.

Concerning other possible contributions to the linewid
symmetric anisotropic exchange and Dzyaloshinsky-Mor
interaction can be neglected. Indeed, the orders of ma
tudes of the characteristic energies of these interactions
(Dg/g)2J and (Dg/g)J, respectively, where (Dg/g) is the
relative anisotropy of theg factor.20 Due to the nearly isotro-
pic g factor observed in our measurements the magnitude
the interactions mentioned above are negligible in comp
son withD. Hyperfine interaction can be neglected as w
because the nuclear spins of56Fe and surrounding16O are
zero and the other nuclei are too far away. Only the dipo
dipole interaction gives an additional contribution in t
presence of the exchange interaction, and can be writte
the form

DHDD.
3g3mB

3S~S11!

Jr6
. ~6!

With the nearest-neighbor distancer 5a55.69 Å, this
yields DHDD.50 Oe, which is still small compared to th
experimentally observed linewidth. Hence the linewidth
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indeed dominated by the single-ion anisotropy. This is also
agreement with the observed angular dependence of the
width. Namely, for the magnetic field applied parallel to t
direction of the anisotropy axis the ESR line is twice as la
as for the magnetic field applied perpendicular to this dir
tion.

Transformation of the crystal structure causes in a nat
way a change of the crystal field in the surrounding of Fe31

ions. Using the above consideration of the ESR linewidth
deduce from the 4% change of the linewidth in the tempe
ture range between 180 and 190 K that the crystal field
increased by about 2% below the transition point. The
crease of the crystal field strength may be caused by
distortion of the FeO6 octahedra combined with the rotation
of MoO4, because they are sharing vertices.

V. CONCLUSIONS

We have carried out x-ray powder diffraction, ESR, a
Raman scattering measurements on RbFe(MoO4)2 at differ-
ent temperatures. The temperature dependence of the
cell parametersa andc display a peculiarity between 200 an
180 K. The temperature dependences of the resonance fi
demonstrate small but distinct steps atTc5190 K. In the
Raman spectra, all nine modes predicted by the gro
theoretical analysis were observed for the temperatu
higher thanTc . Below Tc , these modes shift and narro
markedly and a new low-frequency mode appears. Ram
ESR, and x-ray powder-diffraction data point to a seco
order structural phase transition atTc.190 K. Based on the
changes in the Raman and ESR spectra belowTc , we sug-
gest that the 190 K phase transition is mediated by rotati
of the MoO4 tetrahedra, resulting in a symmetry lowerin
from P3̄m1 to P3̄c1. From the experimental temperatu
dependencies of the ESR field above 10 K we derived
g-factor valuesgi51.992 andg'52.003, the Curie-Weiss
constantQCW5221 K, and the single-ion anisotropy con
stantD/kB50.25 K.
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