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Lattice dynamical study of optical modes in TLbMn,O, and In,Mn,O- pyrochlores
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The Raman and IR spectra and force field have been investigatég ¥om,O; (A=TI,In) by means of a
short-range force constant model which includes four stretching and four bending force constants. Unusual
spectral and force field changes are observed and analyzed. The stretching force constant Mx+-Q' amd
found to be relatively higher than those of other pyrochlore oxides oAin,O, family, while the remaining
force constant values are significantly smaller, especially foMmyO,. This trend may be due to strong
hybridization of the Tl (&) orbital with O (2p) and Mn (3d). The assignment of all the modes has been
proposed and potential energy distribution is also reported. The evaluated frequencies are close to the available
observed infrared and Raman frequencies, giving further support to the present assignments.
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[. INTRODUCTION of a strong hybridization between the TIg% O (2p), and
Mn (3d) orbitals. It is plausible to expect that the different
The discovery of colossal magnetoresistaf€dR) in nature of the chemical bond in these oxides will also influ-
manganese oxides has generated much interest in both basiace the phonon spectra, and hence a study of phonons is
research and possible applicatidn8 CMR effects in perov- undertaken in the present work f8,Mn,O; (A=In,TI).
skite (namely, La_,SrMnO;) and pyrochlore (namely, In fact, very interesting information about the physics of
TI,Mn,0,) manganese oxides are found in the vicinity of athese materials can be learned through light scattering and
metal-insulator transition and a ferromagnetic ordering tran@bsorption experiments. Raman and IR spectroscopy can
sition, although the origin of the CMR behavior in both fami- 9ive insight to the dynamical processes caused by phonons,
lies of compounds is very different. In perovskites, the CMRCharge carriers, and spins that may effect the magnetoresis-

behavior is explained within the framework of the double-t@nCce process. The force field is also one of the important
exchange(DE) model. The Jahn-Teller distortion and a physical factors, which reflects the electronic structure of the

strong electron-phonon coupling also play an important roIé:)ond and its variations with the bond environment. In terms
. . of total amount of research devoted so far to the pyrochlore
in perovskites. On the contrary, the pyrochlore ferromag-

i — 120 K) | f h . _materials, surprisingly little work appears to have been done
netism (Tc= ) is a consequence of superexchange Non the spectroscopic studies and lattice dynamics of these

teractions between Mn magnetic moments, whereas the compounds!*?In particular, available information about the

metallic behavior of TIMn,O; originates from the hybrid-  55signment of the observation to specific modes of vibra-
ization among Tl (8), O (2p), and Mn (3),* which is  tional and force field study is still lacking. Motivated by this
probably at the very origin of the magnetotransport propersityation, we thought it pertinent to study the Raman and IR
ties of this peculiar pyrochlore. spectra and force field &,Mn,O, (TI, In). The assignment

At room temperature, mo#t,B,0; pyrochlores exhibit a of all vibrational modes has been made. The results are also
face-centered-cubic structure belonging to the space group
(Fd3m,Oﬁ), No. 227; the primitive cell contains two for-
mula units. The pyrochlora,B,0s0’ structure(Fig. 1) may
be considered as interpenetrating networksBgfDg and
A,O’, although the latter is not essential for the stability of
the structuré? The B,Og sublattice is formed b0y octa-
hedra sharing corners, witB-O-B angles close to 135°.
Manganese pyrochlores of stoichiometA,Mn,O; have
been described for trivaledt cations such as rare earths, In,
and TI. The transport and magnetic properties dramatically
depend upon the nature of tiecation. All compounds ex-
hibit ferromagnetic interactions, with Curie temperatures
around 15 K(for instance, ¥Mn,O; or Lu,Mn,0;), except-
ing TI,Mn,O; and In,Mn,0O,, which exhibit much higher
Tc's of 120 K. Moreover, only the TMn,O; pyrochlore
exhibit semimetallic conductivity and CMR propertfes. FIG. 1. A,B,0; cubic pyrochlore structure witBOg octahedra
These differential properties have been explained as a resulhdA,0’ chains.
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TABLE |. Factor group analysis for the zone-center vibrational compared and discussed with oth&sMn,0O; (A=Y,Dy,
modes of pyrochloré\,B,050".

Number of

equivalent

positions

(Wyckoff  Site group
lon notation  symmetry

Irreducible representations

Er,Yb) and different pyrochlore oxidés 6

Il. EXPERIMENTAL AND THEORY

The elaboration of I5Mn,O; pyrochlore required previ-
ous preparation of a very reactive precursor, obtained by
wet-chemistry techniques. A mixture of,l@; and MnCQ
was dissolved in citric and nitric acid; the solution was
slowly evaporated, leading to an organic resin which was
dried at 120 °C and slowly decomposed at temperatures up to
600 °C in order to eliminate all the organic materials and
nitrates. This precursor powder was thoroughly ground with
KCIO, (30% in weigh, put into a gold capsulé8 mm di-
ameter, 10 mm lengjh sealed, and placed in a cylindrical
graphite heater. The reaction was carried out in a piston-
cylinder press at a pressure of 2 GPa at 1000 °C for 60 min.
Then the material was quenched to room temperature and the
pressure was subsequently released. The raw product, ob-

FIG. 2. Raman spectra oA,Mn,O; (A
=Y,In,Dy,Er,Yb,TI) pyrochlore.
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tained as a dense, homogeneous pellet, was ground amains force constants that describe the vibrational potential
washed in water, in order to dissolve KCI coming from theenergy of system. Th& matrix involves the mass number
decomposition of KCIQ; then, the powder sample was and certain spatial relationship of the atoms, thus bringing
dried in air at 150 °C for 1 h. The preparation oL Mn,0O;  the kinetic energies into the equatidais the unit matrix of
was performed by solid-state reaction from,@} and the same dimension df and G, and \ is defined byx
MnO,, ground together and put into a gold capsule. The=4m?c?»?. The force constant matrix includes valence
high-pressure reaction conditions were the same describddrces between nearest neighbors MnAOQ’, A-O and re-
for the I,Mn,O; compound. pulsive forces between nearest neighbors Oadd angle

Raman measurements were done in a Raman spectrorbending forces between O-Mn-O, O-Mn-O, &0’, and
eter with an Olympus microscope, a Jobin-Yvon HR 4600-A-O. These eight force constants are optimized to give the
monochromator and a Mtooled charge-coupled device best fit of observed Raman and infrared wave numbers.
(CCD). All spectra were obtained at room temperature, ex-
citing with the 514.5-nm line of a Spectra Physics Ar-Kr IIl. RESULTS AND DISCUSSION
laser and Super-Notch Plus filté€aiser Optical Systemgo ) ) ) .
suppress the Rayleigh scattering. The IR spe(ifx-4000 The group—theoretlca[ analysis for opthal and acoustical
cm 1) were recorded from KBr and polyethylene pellets in modes from the_ f:orrelatlo_n meth’t?dand taking account the
an IR BRUKER-IFS66V/S spectrophotometer. symmetry conditions are listed in Table I: we have

The normal coordinate analysis treatment was carried out ., _
according to the Shimanaouchi methbbased on the Wil- ['=Aggt Byt 2F g 4Fog+ 3+ 3By +8F T 4F 3,
son GF method. A short-range force constant mo@8R-  Out of these 26 normal modes, ondyq, Eg, 4F,4, are
FCM) was chosen. In th&F matrix method, the eigenvalue Raman active, F,, are infrared active, and orfe;,, acous-
equation is given byFG—E\|=0, where the~ matrix con- tical. All sevenF,, modes and six Raman-active modes are
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TABLE Il. Definition of internal coordinates and force fiefith N cm™%) for A,Mn,O; (A=Y, In, Dy, Er,
Yb, Tl). The values for Y, Dy, Er, and Yb have been taken from Ref. 16.

Internal Force constantN cm™?)
coordinates

Y ,Mn,0; Dy,Mn,0O, Er,Mn,O0;  Yb,Mn,O, In,Mn,O;  TI,Mn,O,

K1 Mn-O 0.776 0.878 0.787 0.734 0.843 1.027
K2 A-O’ 0.227 0.317 0.348 0.306 0.369 0.873
K3 A-O 0.096 0.186 0.192 0.194 0.234 0.088
K4 0-0 0.045 0.026
H5 O-Mn-O 0.274 0.276 0.282 0.263 0.331 0.168
H6 O-Mn-O 0.376 0.343 0.361 0.383 0.248 0.402
H7 O-A-O 0.073 0.031 0.046 0.074 0.05
H8 O-A-O’ 0.246 0.212 0.208 0.208 0.148 0.09

observed in most cases. The Raman and infrared spectra of The eight internal coordinate sets introduced in the force
A,Mn,0O; (Tl, In) are shown in Figs. 2 and 3, respectively. field calculations and their definition are given in Table II.
For comparison, the spectra of other manganese pyrochlord$e refined force constants are also reported in Table II. The
are also displayetf The A4 (totally symmetric modeis  comparison between the observed and calculated wave num-
readily assigned as it gives rise to a strong polarized*fine. bers is given in Table IlI. A satisfactory fiaverage error of
The observed\;4 and Fég are least for JMn,O, compared 5% between observed and calculated wavenumiveas ob-

to other manganese pyrochlores. The most striking feature d@ined with four stretching and four bending force constants.
the TLMn,O; spectra is that, in general, the frequencies aréAs the octahedra Mn-Qis the backbone of the pyrochlore
lower than those observed for other pyrochlores, but sométructure, a similar trend is observed in calculated force con-
frequencies are increased in,Mn,O;, like Fiu and Fiu’ stants. The most dominating force constants belonging to the

The F2, and F$, modes become quite distinct as the massPctahedra are found to #€1, H5, andH6. HereK1 andK2
increases. The lower-range frequenc@ Fé and FI values are the largest for ,Mn,0O,; among all the pyrochlore
. 1 u

luy i . N
are almost the same for both In and Tl compounds, thougR*ides until studied now. FurtheK1, K2, andH6 force

the higher-range frequencies of,Mn,O, are comparable to cOnstants increase &schanges from a rare eart, Dy, Er,
those of other manganese pyrochlofe3he bands are as- Yb) to Tl, whereas the other force constants decrease. This
signed to symmetry species by comparing the previoush'€nd may be due to the hybridization among TkY6 O
published study of pyrochlore oxid&&:262°The extra band (2P), and Mn (3) orbitals, accounting for an strengthening

around 700 cm' is observed in all Raman spectra presentec®f the Mn-O and TI-O chemical bonds. For other manganese
in this work and has been assigned as an overdfie. pyrochlores, a very slight change is observed in these force
constants from Y to Yb pyrochlores. Although the experi-

mental Raman and infrared wave numbers also do not ex-
hibit any systematic variation whekchanges from Y to Yb,

a general trend is observed along the series, leading to a
decrease in the force constant with an increase in bond

TABLE Ill. Comparison of calculated and experimental values
of phonon wave numberén cm™1) near the Brillouin zone center
at room temperature.

In,Mn,O, TI,Mn,0, length.
Calculated  Observéd Calculated  Observéd o m 219

Asg 511.3 510 490.9 489 o =l

Eq 344.1 346 317.3 327 §YF,’

Flg 547.1 548 523.5 512 504 [mFr,’

F2, 4421 428 495.0 _ B,

F3 365.1 412.2 392 £

Fig 303.0 292 296.6 289 i g

Fi, 535.7 542 589.0 595 1 -

F2, 483.5 482 492.8 512 ] Z

F3, 4369 436.1 454 ol I é

Fi, 3474 336 380.1 é “L

Flu 266.9 280 288.3 275 T WO | OMnOMHS) | OMnOHE | THO(K2)

FS, 144.0 140 123.1 125 Force Constant

Fi, 131.0 97.0 98

FIG. 4. Potential energy distributioPED) of Raman-active

&This work. modes for TYMn,0;.
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#1 waF,, observed tha#;4 and Fég modes are due to the bending of
7 CF, Mn-Os octahedra. SimilarlyF3, andF3; are mainly due to
[IIF,,

the stretching of Mn-O and-QO’ bonds, respectively. Hence
the increase in frequency can be correlated well with the
increase in stretching force constaktd andK2. From the
PED, it is obvious thaF7, has the most dominating force
constantK1, and as the measured frequency is highest
among all the manganates, the highest valueKaf for
TI,Mn,0; is justified.F2, andF3, have important contribu-
tions fromH5 andK 2, respectively. AlsoF3, is due to the

0L .T. P - oo, P stretching vibration oA-MnOg andF$,, andF ], are mainly
Force Constant influenced by the bending vibrations 8fOgO’ polyhedra.
This is the reason behind wiy§, andF,, frequencies differ
more than other frequencies whérchanges from Y to lan-
60 thanide elements. For mangantes pyrochlores, it is also ob-

222 . .

(— served that the three bending force constants have important
mm-,’ contribution in the PEDKI5, H6, andH8), but earlier stud-
EEERF, ied titanates, hafnates, and stannates do not display much

contribution fromHS8.

55 —

45

PED(%)

IV. CONCLUSION

We have applied the SRFC model involving various
stretching and bending force constants to evaluate the Raman
-y and IR wave numbers in the case of,NMh,0; and
HE) O-THO' O-Mn-O(H®) In,Mn,0,. The force constant values suggest that due to

hybridization of different states TI &, O (2p), and

FIG. 5. Potential energy distributiaPED) of IR-active modes Mn (3d) force constant1, K2, andH6 dominate in the
for TI,Mn,0;,. force field while others decrease. The calculated IR and Ra-
man modes exhibit a satisfactory agreement with the experi-
[nental observation, and an assignment of these frequencies
0 species modes has been established.

*

Force constant

Comparing the obtained force constants from the earlie
studied pyrochlore oxide’$;**it has been observed that in
BOg octahedra B=Mn,Ti,Hf,Sn), Mn cations are more
tightly bound to oxygens than Ti, Hf, and Sn in titanates,
hafnates, and stannates. In manganafedin,O,, the S.B. is grateful to Dr. J.A. Alonso and co-workers for
stretching force constanK(l) has the largest value observed providing hospitality at ICMM, Madrid, where most of the
for any pyrochlore oxides. work was completed, and also to Dr. A. de Arslrand J.

The potential energy distributioED), which gives im-  Sanchez-Bertez (ICMM) for their assistance with the Ra-
portant information to understand the energy localization oiman measurements. Financial support from the Spanish Min-
the active modes, has a similar trend for both Tl and Inistry of Science and Technology, Project No. MAT2001-
compounds as shown in Figs. 4 and 5. From the PED, it i9539, and SRF-CSIRndia) is gratefully acknowledged.
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