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The polarized Raman spectra of HoMn2O5 and TbMn2O5 are reported and discussed. Most of the Raman
lines corresponding toG-point Raman modess13Ag+13B1g+11B2g+11B3gd have been observed. The tempera-
ture dependence of the HoMn2O5 spectra provides no evidence for phonon anomalies associated with magnetic
and ferroelectric transitions below 50 K.
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Introduction. The increased interest to the RMn2O5 sR
=rare earth orYd is motivated to a great extent by the obser-
vation of cross-correlation between magnetic and dielectric
properties of this family of oxides.1–4 All materials are isos-
tructural sspace groupPbam, No.55, Z=4d5,6 and contain
infinite chains of Mn4+ octahedra alongc direction linked
together by Mn3+ pyramidssFig. 1d. RMn2O5 exhibit a heli-
cal antiferromagneticsAFMd ordering below the Néel tem-
perature of 40–45 K and ferroelectricsFEd ordering at the
same or somewhat lower temperature.1–4,7–12Further lower-
ing of temperature reveals a set of consecutive AFM and FE
phase transitions associated with change of the AFM com-
mensurate ordering of Mn subsystem into an “incommensu-
rate” one and AFM ordering of the R3+ moments.2,3,11–13

The mechanism of spontaneous polarization is not known
at present. Most diffraction experiments have not provided
direct evidence of lattice distortions around FE transitions.
The only exception is the work of Polyakovet al.11 on the
neutron diffraction from EuMn2O5 where polar displace-
ments of Mn3+ ions along the a axis, due to Pbam
→P21am structural transition have been reported at the con-
comitant AFM and FE transitions around 40 K. A second
P21am→P1a1 structural transition resulting in polar shifts
of the Mn4+ along the c axis has been observed atT
<22 K.

Although a considerable number of reports have been ac-
cumulated on the structural, magnetic, and dielectric proper-
ties of RMn2O5, there are scarce data on electronic and op-
tical properties of these materials. In particular, neither
theoretical nor experimental results on the phonons are avail-
able so far. In this work we present the polarized Raman
spectra of HoMn2O5 and their variations with temperature
between 10 and 300 K. The spectra of TbMn2O5 at 300 K
are also reported. Most of the Raman lines ofAg, B1g, B2g,
and B3g symmetry expected for thePbam structure have
been observed. The temperature dependence of the
HoMn2O5 spectra exhibits no anomalies that may be associ-
ated with AFM or FE ordering.

Samples and experimental. Polycrystalline HoMn2O5 and
TbMn2O5 were sintered by solid-state reaction of stoichio-
metric amounts of Ho2O3, Tb2O3, and MnO2, and further
annealed for 48 h at 1150 °C in oxygen atmosphere. Single
crystals of HoMn2O5 and TbMn2O5 were grown by the

high temperature solution growth method using
PbOuPbF2uB2O3 flux sPbO:PbF2:B2O3
=0.75:0.24:0.01 for HoMn2O5 and 0.87: 0.12: 0.01 for
TbMn2O5, respectivelyd. The flux was mixed with HoMn2O5
powder in a 10:1 ratio or with TbMn2O5 powder in a 7:1
ratio and annealed in platinum crucible at 1225 °C for 48 h
in air. After annealing the temperature was decreased to
950 °C at a rate of 0.5°C/h for HoMn2O5 and to 1000 °C
at a rate of 1°C/h for TbMn2O5. The flux was decanted and
well-shaped parallelepipedlike crystals of typical dimensions
43432 mm3 were removed from the bottom of the Pt
crucible.

The crystallographic directions and lattice parameters
were determined using a GADDS x-ray diffractometer
sBruckerd. The values of a=7.26 Å, b=8.47 Å, and c
=5.67 Å for HoMn2O5, and a=7.32 Å, b=8.52 Å, c
=5.68 Å for TbMn2O5 are close to those known from the
literature.5,6

The temperature dependence of the heat capacityCp of
the HoMn2O5 crystal used in Raman experiments was mea-
sured employing the Physical Property Measurement System

FIG. 1. Structure of RMn2O5.
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sQuantum Designd. The dielectric constante of the same
crystal was measured at 100 kHz using the HP 4285A LCZ
meter. Data were collected upon cooling and heating cycles.

The temperature dependences shown in Fig. 2 are in per-
fect agreement with those recently reported by Huret al.2

HoMn2O5 undergoes several magnetic and ferroelectric
phase transitions with decreasing temperature. AtTN
=43.5 K long-range antiferromagnetic order of the
Mn3+/Mn4+ sets in, as clearly indicated by the first peak of
the heat capacity,Cp fFig. 2sadg. The second sharp peak ofCp
at TC=39 K is because of a phase transition into a ferroelec-
tric state, also indicated by the peak of the dielectric con-
stant,e fFig. 2sbdg. With further decreasing temperatureCp
and e exhibit a distinct, steplike increase at 20 K, the tem-
perature at which a sudden increase of the ferroelectric po-
larization was observed.2 This transition was ascribed to the
appearance of an incommensurate magnetic order below
20 K. Close to 15 K a sharp increase ofe with a clear ther-
mal hysteresis is observedfFig. 2sbdg. The origin of this
anomaly is not yet understood. It could be related to a pos-
sible lock-in of the temperature dependent incommensurate
wave vector for magnetic order into aT-independent con-
stant value, as e.g., observed in some orthorhombic rare-
earth RMnO3.

14

The Raman spectra were measured in a backward-
scattering configuration with 514.5 nm excitation using a
single spectrometer Jobin-Yvon HR640sspectral resolution
0.5 cm−1d, equipped with microscope, notch filter and liquid-
nitrogen-cooled CCD detector. For measurements between
10 and 300 K the samples were cooled in a MicrostatHe sOx-
ford Instrumentsd optical cryostat and extremely low laser
power of 0.1 mW was used to avoid local heating. The Ra-
man line parameters were determined using the fitting pro-
gram of the GRAMS AI software.

The faces of the as-grown crystals were parallel to the

s100d, s010d, s001d, or s110d planes, which allowed one to
obtain the spectra in all exact scattering configurations:xx,
yy, zz, xy, xz, and yz. The first and second letters in these
notations denote the polarizations of the incident and scat-
tered light, respectively.

G-point Raman active phonons in RMn2O5. The site-
symmetry analysis15 of the Pbamstructure of RMn2O5 ssee
Table Id shows that out of a total 96G-point phonon modes
48 s13Ag+13B1g+11B2g+11B3gd are Raman active, 36
s8B1u+14B2u+14B3ud are infraredsIRd active, 9 s9Aud are
silent, and 3sB1u+B2u+B3ud are acoustical modes.

TABLE I. Wyckoff notations, atomic site symmetries, and irreducible representationssG-point phonon modesd for RMn2O5 sspace group
Pbam, No. 55,Z=4d.

Atom
Wickoff
notation

Site
symmetry

G-point
phonon modes

HosTbd 4g Cs
xy

2Ag+Au+2B1g+B1u+B2g+2B2u+B3g+2B3u

Mn1 4f C2
z Ag+Au+B1g+B1u+2B2g+2B2u+2B3g+2B3u

Mn2 4h Cs
xy 2Ag+Au+2B1g+B1u+B2g+2B2u+B3g+2B3u

O1 4e C2
z Ag+Au+B1g+B1u+2B2g+2B2u+2B3g+2B3u

O2 4g Cs
xy 2Ag+Au+2B1g+B1u+B2g+2B2u+B3g+2B3u

O3 4h Cs
xy 2Ag+Au+2B1g+B1u+B2g+2B2u+B3g+2B3u

O4 8i C1 3Ag+3Au+3B1g+3B1u+3B2g+3B2u+3B3g+3B3u

Modes classification

GRaman=13Ag+13B1g+11B2g+11B3g GIR=8B1u+14B2u+14B3u GAcoustic=B1u+B2u+B3u

Raman tensors

Ag→ fa 0 0

0 b 0

0 0 c
g B1g→ f0 d 0

d 0 0

0 0 0g B2g→ f0 0 e

0 0 0

e 0 0 g B3g→ f0 0 0

0 0 f

0 f 0 g

FIG. 2. Temperature dependence ofsad heat capacityCp andsbd
dielectric function of HoMn2O5. The arrows indicate the antiferro-
magnetic transition atTN=43.5 K and the ferroelectric transition at
TC=39 K.
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The Ag modes are expected to appear in the parallelxx,
yy, andzzscattering configurations and should not be seen in
the crossedxy, xz, andyz configurations. TheB1g, B2g, and
B3g modes are allowed, respectively, inxy, xz, andyz con-
figurations.

Results and discussion. Figure 3 shows the polarized Ra-
man spectra of HoMn2O5 at 10 and 300 K and of TbMn2O5
at 300 K. Twelve of 13 expected lines ofAg symmetry, as
well as 9 of 13B1g, 8 of 11 B2g, and 8 of 11B3g lines are
experimentally observed. Their positions are summarized in
Table II. The missing modes are of very low intensity or
superimposed or out of the spectral ranges,100 cm−1d of
our Raman setup. An assignment of the Raman lines to defi-
nite modes is not possible at present. On the basis of mass
and bond lengths considerations, however, it is reasonable to
accept that the lines at.300 cm−1 correspond to modes in-
volving mainly stretching and bending vibrations of light
oxygen atoms, whereas those at lower frequencies involve
motions of heavier Mn and HosTbd atoms. Most of the lines
in the low-frequency range are extremely sharp, indicating
weak anharmonicity.

Figure 4 shows the temperature dependence of the posi-
tion of most pronouncedAg and B2g lines of HoMn2O5 be-
tween 7 and 150 K. Compared to other transition metal ox-
ides, frequency shifts are relatively small. The temperature
range below 50 K is of particular interest as it contains both
the Neél temperatureTN=43.5 K and the temperature of
ferroelectric orderingTC=39 K. From symmetry consider-
ations one expects that thePbam→P21am structural transi-
tion will result in appearance of additional Raman lines be-
cause in the less symmetricP21am structure all optical
phonon modes are Raman allowed. Although the “soft”
modessd associated with the FE transition issared out of the
spectral range of our setupsvsoft,100 cm−1d, activation of
other modes at higher frequencies and small shifts of existing
modes may be expected. Figure 5 shows the variations with
T of the x8x8 sAg+B1gd spectra between 7 and 60 K andxz
sB2gd spectra between 9 and 100 K. Although most lines ex-

hibit “normal” hardening with lowering temperature, theB2g
line near 514 cm−1 “softens” below 80 KfFig. 4sedg. There
are no indications, however, for anomalies of the phonon line
parameters nearTN or TC or appearance of new lines at low
temperatures.

TABLE II. Experimentally observed phonon mode frequenciessin cm−1d for HoMn2O5 and TbMn2O5.

Ag Modes B1g Modes B2g Modes B3g Modes

HoMn2O5

10/300 K
TbMn2O5

300 K
HoMn2O5

10/300 K
TbMn2O5

300 K
HoMn2O5

10/300 K
TbMn2O5

300 K
HoMn2O5

10/300 K
TbMn2O5

300 K

217/216 215 147/143 148 220/216 214 /192 195

219/ /170 172 238/236 232 /247 244

226/222 221 212/207 208 308/306 301 /306 299

337/337 334 241/239 237 467/463 455 /340

351/351 350 327/327 326 480/ 470 /451 442

428/420 412 429/420 416 489/ /497

464/462 491/487 485 513/512 505 /534 540

513/508 500 552/547 538 598/594 /584 577

547/543 537 697/684 673

633/630 621 709/702 695

644/639 631

717/703 693

FIG. 3. Polarized Raman spectra ofsad HoMn2O5 at 10 K, sbd
HoMn2O5 at 300 K, andscd TbMn2O5 at 300 K.
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It is worth noting here, that the sharpness of the Raman
lines and the resolution of our spectrometer allowed to re-
duce to,0.5 cm−1 the error in determining the changes with
temperature of the Raman line position. For phonon frequen-
cies higher than 200 cm−1 relative changes as small as 2.5
310−3 could reliably be detected. Such a high sensitivity
allows detection of relatively weak structural changes. In-
deed, in a rough approximation the vibrational frequency of
a phonon mode involving vibrations of mainly one type of
atoms is determined by the relationv2=kR−3, wherek is the
force constant andR is the distance between the atom and its
nearest neighborssd. With respect to the relative changes of
the bond length, the latter relation can be rewritten as
uDR/Ru=2/3usDv /vdu. As the bond lengths in RMnO3 are of
the order of 2 Å, changes of bond lengths larger than

0.003 Å could easily be detected spectroscopically by line
position analysis. Our results do not provide evidence for
such changes although the detection limit of 0.003 Å is com-
parable and even smaller than the displacements of Mn3+

s<0.005 Å atTN and<0.007 Å atTCd and Mn+4 s<0.004 Å
at TN and <0.045 Å at TCd reported for EuMn2O5 from
neutron-scattering experiments.11

Conclusions. The polarized Raman spectra of isostructural
HoMn2O5 and TbMn2O5 were measured between 7 and
300 K. Most of the Raman lines corresponding to the
G-point phonon modes ofAg, B1g, B2g, and B3g were ob-
served. The temperature dependence of theAg spectra pro-
vides no evidence for anomalies associated with magnetic
and/or ferroelectric ordering.
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FIG. 4. Temperature dependence of the positions of most pro-
nouncedAg sa–cd and B2g sd,ed Raman lines in HoMn2O5. sed
Shows the temperature dependence of the difference between the
positions of theB2g lines near 513 and 566 cm−1. No anomaly is
observed nearTN andTC.

FIG. 5. Temperature variations of thex8x8 sAg+B1g spectra of
HoMn2O5 between 7 and 300 K andxz sB2gd spectra between 9 and
100 K. The phonon parameters exhibit no detectable anomaly re-
lated to antiferromagnetic and/or ferroelectric ordering.
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