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Raman spectra and x-ray diffraction patterns of 4Sx; ;MnO, and SyMnO, layered manganites have been
collected over a wide pressure ran@e-20 GPausing a diamond anvil cell. The pressure dependence of both
phonon peaks and lattice parameters, as well as the mode-Gruneisen parameters, have been determined. The
comparative analysis of the results allows us to give a reliable assignment for the four phonon modes observed
in the Raman spectra and in particular to identify the peak at higher frequency as a Jahn—Teller phonon. The
comparison between the pressure dependence shown by doped and pure samples evidences the role played by
the Jahn—Teller octahedral distortion on the lattice structural and dynamical properties. A progressive pressure-
induced reduction of the Jahn—Teller distortion has also been observed in the doped sample. Finally, taking into
account of recent results obtained by infrared spectroscopy on high-pressure pseudocubic and layered manga-
nites, the role of lattice dimensionality on the pressure-induced charge delocalization has been discussed.
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[. INTRODUCTION magnetic properties of both layered and pseudocubic manga-
nites are thus strongly affected by differentrinsic vari-

In the last decade a lot of effort has been devoted tables(such as the doping concentration, and the average ra-
investigate the physical properties of the Ruddlesden-dius rp of the A and A iong and external conditions
Popper series of manganiteshd ., ;- xMn,O3,, 1 (WithAa  (temperature, pressure, and applied magnetic)fi@dch a
trivalent rare hearth and A a divalent metalBesides their large number oflegrees of freedomives rise, for each man-
own interest, these compounds have drawn attention as refanite, to quite a complex phase diagram, displaying differ-
erence systems, enabling a deeper understanding of the premnt magnetic phasederro-, antiferro-, canted, pasaand
nomena of both high temperatufelT) superconductivity metallic (M), insulating (), and charge orderedCO)
and colossal magnetoresistaf@MR) phenomena. From a phases.®
structural point of view the single-sheet€ 1) layered man- In general, single-layer compounds show an insulating be-
ganites are isostructural to the JSx, ,CuQ, cuprates, the havior regardless of doping concentration and temperature
popular family of HT superconductors, and their crystaland, in some systems, a CO transition occurs at low tempera-
structure is characterized by a planar arrangement of MnOtures. On the contrary, in the doping concentration range
octahedra, which are also the main building blocks ofwhere CMR occurs, pseudocubic manganites exhibit a me-
pseudocubic CMR manganites {AA ,MnO;).>® In tallic phase associated to a ferromagnetic order below the
single-sheet layered manganites the octahedra are arrangeeM transition temperatur&,,, (in these systems the Curie
in a two-dimensionaf2D) structure with MnQ@ planes inter- temperaturél ¢ is actually coincident wittl ). T, can be
calated by planes of A ions while in pseudocubic manganiteihcreased by increasing both presséreand average ionic
the A ions are trapped inside a three-dimensiof@D)  radiusr, (i.e., dT,y /dP>0 anddT,, /dr,>0).2=°An in-
pseudocubic lattice of octahedra. Noting that the indém  termediate behavior is found in bilayered compounds (
the general formula of the Ruddlesden—Popper series ae=2) with a lowerT,,, and a less pronounced magnetoresis-
counts for the number of connected Man@lanes, single- tance than in pseudocubic systefriBhe occurrence of the
sheet and pseudocubic manganites can be taken as the twwtallic phase and of the CMR seems to be related to the
end-compounds of the series with=1 and n=«, crystalline structure which allows for a compldfeseudocu-
respectively: bic) or at least a partigbilayered caging of the ion at the A

When dealing with doped manganites the manganese iosite. The basic idea is that both external presg@eand
acquires a mixed valence which can be treated by assumingchemical pressurér 5) reduce the free volume around the A
coexistence of Mh® and Mn"* ions in a suitable percent- ion in the cage of the Mn@octahedra, thus causing a sym-
age. Many of the physical properties of these mixed-valencenetrization of the surrounding structure with removal of the
manganites originate from the complex interplay betweerT distortion® /1011
charge localization, brought about by the Jahn—Teller distor- Although pressure is an ideal and selective tool for tuning
tion of the Mn"3 centered Mn@ octahedra, and magnetic the extent of the JT distortion, few works dealing with
interactions (super and double exchangelransport and manganites in the very high pressure regiftleat is P
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>1-2 GPa) have appeared since now. Raman and structuréglls were used to generate high pressure on the sample. The
studies in this high-pressure regime exist for La—Cagaskets were made of a 2%0m thick steel foil. Under work-
pseudocubic manganites both pidrand doped®!® while  ing conditions the chamber inside the gasket had a typical
transport properties and structure have been studied in fediameter of 20qum and a 30-5Qw:m height. The anvils
bilayered compound¥'~2€In all the mentioned papers a sig- used for the Raman measurements were low fluorescence I
nificant pressure-induced reduction of the JT distortion haé diamonds with 80Qum culet diameter, while 60@m IA
been directly observed or inferred from the data, althouglfliamonds were used for x-ray diffraction. Different pressure
the pseudocubic compound J.aCa, ,dMNnO; shows the on- transmitting media were used in the two experiments: for
set of a structural instability arounB* =7.5 GPa which optical study the manganite samples were placed at the cen-
seems to inhibit the proced$®To our knowledge the only ter of the upper surface of an NaCl pellet presintered at high
high-pressure experimental data on a single-sheet layergifessure in the gasket hole while, for x-ray diffraction mea-
manganite are those of the infrared measurements over tisgirements, finely milled manganite samples were dispersed
0-10 GPa pressure range and focused to study of thi@ silicon oil. Pressure was measuradsitu by collecting
pressure-induced  charge-delocalization ~ processes  ifiuorescence spectra from ruby nanospheres placed in the
manganites® The result having direct bearing on the presentgasket hole, before and after each measurement. We also
investigation was the weak pressure-induced charge delocathecked possible pressure gradients and we found that, if
ization observed in the single-layer d8r, MnO,, much  any, the pressure differences were within the experimental
weaker than the one observed in the pseudocubigncertainty of+0.1 GPa. In the Raman measurements the
Lag 7<Ca ,MnOs, at least forP< P* 11 On the basis of the high thermal conductivity of diamond prevented laser-
above discussion, this finding could be ascribed to a reducedduced sample heating.
efficiency of the external pressure in removing the JT distor- Raman spectra were collected in back-scattering geom-
tion, due to the absence of a caging of the ion at the A site itry, using a LABRAM spectrometer by Dilor with a CCD
the layered compound. On the other handg 4Sa MnO,  detector and an adjustable notch filter. The sample was ex-
shows a paramagnetic insulating phase at room temperatu¢éed by the 632.8 nm line of a 16 mW He—Ne laser. A
and undergoes an antiferromagnetic CO phase down to 22@nfocal microscope equipped with a2@nagnification ob-
K, pointing out the relevance of superexchange magnetitective was used both to focus the laser beam on the sample
|nteract|on5 17181n La, &S, MNO, the difficulty in delocal- ~ and to collect the scattered light. The laser spot at the sample
izing the charge by pressure could be thus alternatively asurface was around 1@m?. The notch filter cutoff at low
cribed to the onset of an incipient pressure-induced Cdrequency and the presence of the very intense diamond Ra-
phase. man peak at high frequency (1330 chat zero pressuje
In the present paper we have studied two samples ctllowed us to collect high-pressure spectra only over the

La,Sr,_,MnO, layered manganite, witk=0 andx=0.5, by = 200—-1100 cm? frequency range. Raman spectra were col-
means of x-ray diffraction, over the pressure range 0—20 GPlgcted directly from manganite, avoiding any spectral contri-
and Raman spectroscopy, over the pressure range 0—14 Gialtion from NaCl and from three different zones of the
The pure sample $¥nO, is characterized by the M  samples. Data were analyzed separately by a fitting proce-
valence only, whereas the doped samplg45% MnO, has dure described in the following section and, finally, the best-

50% of Mn*3. Since JT distorted octahedra are present onlfit parameters were averaged. The maximum deviation has
in the doped sample, the comparison between the pressub@en assumed as an estimate of the parameter uncertainties.
behavior exhibited by the two samples will clearly show the ~The high-pressure powder x-ray diffraction measurements
effect of the octahedral distortion on both the lattice structurévere carried out in the energy dispersive mode at LURE
and dynamics. Moreover, the absence of a pressure-drivegynchrotron facility(Orsay, Francg using the DCI storage
CO transition will be checked by Raman spectroscopy. As &ing on the DW 11 beam line. The white beam was colli-
matter of fact the temperature-driven CO transition is clearlymated to a 5850 um? spot, centered on the gasket hole.
marked by a splitting and a remarkable narrowing of theThe diffraction patterns were collected by a Ge detector in
Raman active phonon linEsdue to both the reduction of the the 5-60 keV energy range with a resolution ranging from
charge disorder and the lowering of the crystal symmetry150 to 350 eV. The Bragg diffraction angle was set close to
Finally, some conclusions on the relevance of the structur€°. Owing to the high scattering cross section of our
dimensionality on the transport properties of manganites wilsamples, exposure times between 20 and 30 minutes were
be drawn by comparing the present results with those previsufficient to collect diffraction patterns with good peak-to-

ously reported on the pseudocubicykaCa, ,gMn05. 1113 background intensity ratios. No Rietveld refinement of the
diffraction patterns has been performed.

II. EXPERIMENT

. . Il. RAMAN RESULTS
Characterized polycrystalline samples of doped,

Lay sSr sMnO, (LSMO), and pure, SMnO, (SMO), lay- At ambient temperature the crystal structure of both SMO
ered manganitesingle sheetn=1)?>?* have been used for and LSMO belongs to the space grodmmm'’8while a
Raman and x-ray experiments. Both the samples have tHewering of the crystal symmetry occurs at the CO transition
K,NiF, structure with space grougmmmand one formula (Tco=220 K) in LSMO'?2 Using the standard group
unit per primitive cell. Standard membrane diamond anviltheory four Raman active modes Ag+2E,) can be pre-
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' ' ' lated, and the Raman spectrum can show modes that are
y forbidden at all or allowed in a different crystal sym-
metry?#2® Unfortunately, the polycrystalline nature of the
samples prevented a polarization analysis of the measure-
. ments, which could allow the determination of the symmetry
of the phonon modes involved.
In any case, some conjectures can be drawn exploiting a
J,u:\_v__,-' e, ] quite crude classification which ascribes the modes at high
T (500—700 cm?), intermediate (200-500 cm), and low
' L ' (<200 cm 1) frequencies to Mn—O bond stretching, to tilt-
200 600 _11000 ing or rotation of the octahedra and to vibration of the heavy
Raman Shift (cm™) rare earths, respectively?’ The energies involved in ion
) ) vibrations are indeed expected to be higher when the strong
Iine'):ISt. ;mggmagrggseﬂ;a E;hsﬂhé(zgtéi?rdlr?wei:noifg;hﬁ(;(Stc:gﬂt , Mn-O bond is strained than in the case of single A-ion dis-
; o “placements. On the other hand, intermediate energies are ex-
units for the sake of clarity. . . - -
pected to be associated to octahedron rigid rotation, which
dicted for the space grougmmm Only the A-atom and the hardly affects the internal octahedral distances, and to the
0,-atom (out-of-plane oxygenmovements are involved in octahedron bending, which in essence involve only O-O
the Raman active modes: the two high frequency modes inbond elongations. Based on these assumptions and exploiting
volve MnQ; octahedrgd Aj4(1) stretching andEq4(1) tilt-  the analogy with Raman measurements on pseudocubic
ing] while the two low frequency modes involve only the A compound$®°we can tentatively ascribe, in both samples,
atoms[A44(2) and Elg(Z)].23 the two low-frequency modes to a rigid octahedron rotation,
The ambient pressure Raman spectra of SMO and LSM@hile the ~500 cm * and ~600 cnit phonons to octahe-
polycrystalline samples are shown in Fig. 1. The spectrum ofiron bending and stretchingT) modes, respectively. The
the pure sample in the range of the phonon frequency igemperature dependence of the Raman spectrum of a single
characterized by four well defined and narrow peaks aroungrysta| of LSMO has been recently investigated at ambient
210 (#)), 310 (v5), 520 (v5), and 615 cm*(v}). The tWo  pressurd? The room temperature spectrum is in fairly good
broad structures around 700 and 800 ¢nean be ascribed agreement with the present results and a sharpening of the
to combination bands because of their high frequency andpectral features occurs when cooling down the sample. In
large profiles. The same four-peaks structure can pe foynd 'Barticular, atT=10 K (i.e., well below Tco) the Raman
the spectrum of the doped samggleSMO), although in this  ghe0ym is dominated by very sharp and intense peaks in
case the phonon profiles are quite broad, largely overlappeg@ery investigated polarization configuration. The main fea-

and thgir pOSitiO'lSl are slightly shift¢@s0 (VlD?' 380 3):  tyres are two peaks around 530 and 630 &mwhose as-
510 (v5), 630 cm ~ (4)]. The huge broadening of the pho- ginment although still controversial, is consistent with our

nhon peakg in LSMO Is .due to the excess gharge intrOducegssumptions(notice that the crystal symmetry changes on
by La doping which activates the JT distortion in the MnO entering the CO phase

octahedra and induces, to some extent, lattice disorder. As a High-pressure Raman spectra of SMO and LSMO, col-
matter of fact both electron—phonon interacti@h-ph and .

: . . .. lected up to 14 GPa by means of the DAC, are shown in
structural disorder cause a reduction of the phonon lifetime

thus widening the peak profiles. This effect, observed also "[;)anels @ |andd(b)28(; I?gboz,ir;;sp”ectlv?y. Thef flrlequerr:cy
other strongly correlated systefhsand in particular in JT 'an9e explored (200— crm allowed us to follow the

systemd%2® provides evidence of the strong sensitivity of Pressure evolution of the phqnon peaks. Thege are indeed
Raman measurements to the el—ph interaction. well ewdent_up to the maximum pressure in both the
If we assume that the modes responsible for the phonoﬁamples, while the two broad structures around 700 and
spectrum are the same in both the LSMO and SMO, th&00 cni * in the Raman spectrum of SMO, broaden and be-
difference in the phonon frequencies could be in principlecome less defined as the pressure is increased.
ascribed to the el—-ph interactidwhich gives rise to a fre- The experimental data have been analyzed by a fitting
quency renormalizatiorand to the atomic mass factira is ~ procedure and damped harmonic oscillatoBHO) have
heavier than Sr According with the group theory prediction, been used for the phonon line shape. The choice of this line
the two low-frequency phonons should be ascribed to purerofile, successfully employed in fitting broad line shapes in
A-atoms modes which actually do not depend on the octahesimilar systems%? has been particularly useful in model-
dral distortion. Owing to the mass factor, their frequencieding the LSMO experimental data. In the SMO case two
are expected to be lower in the La-doped sammi%,(sz) couples of DHO functions have been used for separately fit-
than in the pure Sronef, v5), in contrast with the present ting the two phonon couples?—v5 and v5-v§ . A low-
experimental result, which definitively confutes the aboveorder(1-2 polynomial curve has also been used as a base-
assignment. The disagreement with the group theory predidine. In the LSMO case, the whole Raman spectrum has been
tion is not surprising since in disordered or defective stronglhfitted in the 200—900 cm' frequency range with the follow-
correlated system the symmetry selection rules can be vidag function:

[y
o

oo

Intensity (arb. units)
N
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M tained by Eq.(2).
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1 M M M 1 M M M 1 M
namely they slightly increase under pressiaieout 10—20%
200 600 1000 over the 0—14 GPa pressure rapdeis worth to notice that
Raman shift (cm'l) this effect can be partially ascribed to the onset of unavoid-

able anisotropic stress under pressure and that, in any case, a

FIG. 2. Raman spectra of SM@) and LSMO(b) at different ~ proper analysis of the pressure dependence of these values
pressures. The pressure increases frer® GPa (bottom) to  can be hardly carried out due to their large uncertair(ties
~ 14 GPa(top). Successive spectra are offset by a constapbut ~ I'; parameters show the highest degree of correlatiBe-
0.2 and 0.7 units for SMO and LSMO, respectivelgr the sake of  sides the previously discussed well apparent broadening of
clarity. Vertical dashed—dotted lines show the zero-pressure phonofhe peaks in LSMO with respect to SMO, it is interesting to
frequ.en(.sles. In panégb) the best-fit curve from' Eq1) is shown by note thath'? and FE are much larger thaﬂ“? and FZD
a solid line for the lower-pressure spectrum; the four phonon con-(%150 el vs ~50 cn! at ambient pressure, respec-

tributions and the low-frequency carrier hopping contribution . . .
(dashed lingare also shown separately. tl\l/pely) which, in turr_l, are clo_se to the average value of the
I’ . Such a large difference is consistent with the proposed
4 assignment of the phonon peaks: the two high frequency
_ AvlT modes indeed involve strain of the octahedral structure and
S(V) [1+n(1})] 2 2+-E 2 D\272 2r2|° i i
ve+1l7e =1 [ve—=(vp) ] + veT thus they are more coupled to the JT distortion.
(1) No systematic pressure dependence of either the overall
Raman signal or the single mode amplitudlevas observed.
The first term is a large contribution centered at low fre-\we want to point out that the absolute intensities of the Ra-
quency accounting for the wide unstructured backgroundman modes can be affected by both different focusing and
This is a common feature of strongly correlated systems sucfyerage orientation of the microcrystals impinged by the la-
as manganites and cuprédteand it is associated with the ser beam.
diffusive hopping of the carriers with a scattering rdte The best-fit values of; are shown in Fig. 3 as a function
= 1/7'.29 The second term, a linear combination of four DHO of pressure for both the Samp|es_ All phonon frequencies
profiles, accounts for the phonon peaks, whefte AP, and  show a regular and almost linear pressure-induced harden-
I'? are peak frequency, amplitude, and linewidth, respecing. The two high frequency modes:{ and v,) exhibit a
tively (a similar notationy{, A", andI'", has been used in rate of increase much larger than the other ones and in par-
the SMO cask The quantityn(v) is the Bose—Einstein ther- ticular v"? shows the largest rate. The latter finding and the
mal population factor. The best-fit curves obtained using Eqoccurrence of the largest difference in the pressure behavior
(1) are in very good agreement with the experimental data abetween corresponding modes in the two samples fpare
each pressure. As an example, the best-fit curve and the difurther indications of the JT nature of this mode.
ferent component for LSMO at the lowest pressure are also A weak sublinear dependence on pressure can be ob-
shown in Fig. 2, pane(lb). served in thev, mode frequencies and the results have been
The best-fit values found for the linewidths in both analyzed assuming a pressure dependence given by the
samples I"iD and Fip) show a weak pressure dependencewidely used relation
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w B ’/\—/Lﬂgw,\m at zero pressure. Open and solid symbols refer to the SMO and
c [ ] o AN LSMO samples, respectively. The error bars are of the same order
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j ) AT fit values obtained fow?, 8°, and s/ (i=4) for SMO and
y e ot N Ao LGPE LSMO are reported in Table 1. The best-fit curves are also
. i ohd g TR 5 shown in Fig. 3.
T
15 20 25 30 35 40 IV. X-RAY DIFFRACTION RESULTS
E (k V) X-ray diffraction measurements have been performed on
c SMO and LSMO samples over the 0—20 GPa pressure range.

, . , Diffraction patterns collected at different pressures are
FIG. 4. X-ray diffraction patterns collected at different pressuresghown in Fig. 4 for SMdpanel(a)] and LSMO[panel(b)],
on SMO(a) and on LSMO(b). The pressure increases from 1 GPa respectively. The assignment of the main Bragg peaks is re-
(bottor) to 20 GPa(top). The assignment of the main Bragg peaks ported in the same figure. The fluctuations in the Bragg peak
are also reported. intensities(see, for example, the Bragg peaks around 30 keV
in the figure have to be mainly ascribed to pressure-induced
vi(P)10=[(8% 5 )P+1]%, (2)  rearrangements of the grains of sample powder. Indeed, al-
though the sample was finely milled before loading, it is very
easy for preferred orientations to occur since the dimensions
of the gasket hole limits the quantity of samples to very
small amount only.
We analyzed the data by means of a fitting procedure to

wherer?, 6°, and s/ are taken as free fitting parameters. It
is worth to notice thatvio represent the zero pressure fre-
guency value of théth mode andﬁi0 is its logarithmic pres-
sure derivatived In »;/dP)p_(. A simple linear fit(i.e., fixing

8] to 1) has been adopted for all the other modes. The best- 1.0 . . .
R IZ.M 1 00.96- |
o< L ] i
< 12.2 LT . Z :
2op | Ce] > 092} ]
2 38 L"""--...._ _
= "Mooy Om ", 0.88 ! P T
37 | Boo oM 0 5 10 15 20
el 7 P (GPa)
~0 5 10 15 20
P (GPa) FIG. 7. Pressure dependence of the free voliié,, whereV,

is the unit cell volume at zero pressure. Open and solid symbols

FIG. 5. Pressure dependence of thésquares and ¢ (circles refer to the SMO and LSMO samples, respectively. The error bars

lattice parameters. Open and solid symbols refer to the SMO andre of the same order of magnitude as the symbol size. The solid

LSMO samples, respectively. The error bars are of the same orddines represent the Birch—Murnaghan best-fit curves obtained by
of magnitude as the symbol size. Eq. (3).
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TABLE I. Best-fit values, obtained using E@), and Gruneisen 740 T T

parameters for the four phonon modes of SMO and LSMO.

~ 720
Mode WOeml)  OGPaY P Yo g

& 700
(SMO) v§ 212 0.011 1fix. 1.4 §
(SMO) v5 306 0.006 1 fix. 0.8 g 680
(SMO) v§ 521 0.016 1 fix. 2.1 2
(SMO) v} 611 0.0095 014 12 2 660
(LSMO) v? 248 0.0092 1 fix. 1.3 g
(LSMO) »2 377 0.0026 1fix. 0.4 g 640
(LSMO) v5 512 0.0072 1 fix. 1.0 2y 620
(LSMO) v§ 627 0.015 0.18 2.2

6000 5 10 15

refine thea andc lattice parameters of the tetragonal struc- P (GPa)

ture of the layered manganites. The energy range explored

allows to follow the evolution of 11 Bragg peaks. The whole  FIG. 9. Pressure dependence of the JT stretching-mode fre-
diffraction pattern was fitted using a smooth background anduency: LCMO from Ref. 10(half-filled symbolg, LSMO and

11 Gaussian profiles. Exploiting the Bragg condition, all theSMO from the present experime(siolid and open symbols, respec-
energies at which the Gaussian profiles are centered haviely). The solid lines are the best-fit curves obtained by @y.
been expressed as a function of the two lattice parametetBe dotted line is a guide for the eyes.

and the scattering angle only. The values obtained forathe

andc lattice parameters are shown in Fig. 5 as a function oboth the samples while a larger contraction occurs in the pure
pressure. The zero pressure values are in good agreemesample for thec parameter(i.e., the distance between the
with those reported in the literatut® From the comparison octahedra plangs

between the refined parameters of the pure and the doped In Fig. 7 the pressure dependence of the free volume,
samples, two main differences can be evidenced: the dopedV/V,, is shown for the two samples. The pressure depen-
LSMO sample shows a slightly lower distance between thelence of our data can be well described by a Birch—
plane of MnQ octahedra in the low pressure regi@ee the  Murnaghan curvé!—33

c lattice parameter in Fig.)5and a largera parameter than
the pure SMO sample. The former difference could be as-
cribed to a simple steric effect due to slightly larger ionic
radius of Sr with respect to that of Lag=1.31A, r ,

=1.216 A (Ref. 30] while the latter has to be discussed in Wne€reKo the bulk modulus an&" its pressure derivative.
terms of charge-lattice interaction. The charge in excess inl N€ best-fit curves obtained using E§) are in good agree-
ent with the experimental results as shown in Fig. 7. The

troduced by doping, indeed, activate the JT lattice distortiorf€Nt ' b )
expanding the parameter in the doped LSMO. In Fig. 6 the b%St'f't values arda(ol=129 GPa anK’=6.3 for SMO and
a/a, and thec/c, pressure behavior is shown for both Ko =144 GPa andK’=6.3 for LSMO. These values are

samples &, andc, are the lattice parameters at zero pres-comparable with those typically obtained for other
sure. We can notice that the rate of contraction of tae Perovskites’ and the comparison shows a 10% increase of

parametefi.e. of the plane of the octahedris the same in ~ Steepness for LSMO sample. o
Using the phonon frequencies shown in Fig. 3 and the
structural parameters shown in Fig. 5, we finally calculate

the mode-Gruneisen parameter values given by

(1 av)
vop| @

From Eq.(4) the zero pressure mode-Gruneisen parameters
v? can be simply obtained by?=5°K, since 6°=1/v’
(dv;j/dP)|p—q and 1Ky=1N,- (dV/dP)|p—, follow from

Eqg. (2) and Eq.(3), respectively. The zero pressure mode-
Gruneisen parameter values are reported in Table | for all the

P (GPa) phonon modes and both the samples.
A weak pressure dependence of thevalues has been

FIG. 8. Pressure dependence of theJT mode-Gruneisen pa- found in the 0—15 GPa pressure range for every mode a part

rameter. Open and solid symbols refer to the SMO and LSMOfrom the JT mode of the doped sample, which is shown in
samples, respectively. Fig. 8 in comparison with the analogous mode in the SMO

P=2K[7 37 3H1+3(K' =[5 31T}, (3

. (9|n(1/i) . ( 1 (7Vi
[T R AT

Y, 1.5

1.0
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sample. The variation in this case is dramatic, from the quitéhe mode-Gruneisen parameter is a measure of the extent of
high value of 2.2 atP=0 it rapidly dropped to 1.2 aP the mode anharmonicity, the signature of this effect is shown
=15 GPa. in Fig. 8. In agreement with the idea of a pressure-induced
reduction of the JT distortioh’ the large anharmonicity of
V. DISCUSSION AND CONCLUSIONS the VE mode, shown by the relatively large value of its
mode-Gruneisen parameter at ambient pressure, decreases

As a first remark, the present results show that no dragith increasing pressure as pointed out by the remarkable
matic changes of any of the measured quantities occur, thygq,ction ony(P).

indicating that no CO transition is induced by pressure in the Finally, we would like to compare the present results on

explored range. This finding is in agreement with the result§ gy with those obtained on the high-pressure pseudocubic
of a previous high-pressure infrared studythese systems manganite Lg.Ca, ,MnO51%! (referred as LCMO in the
show indeed a quite stable behavmr_under pressure, d'ﬁe'fbllowing). For the sake of comparison the pressure behavior
ently to what is shown by psegdocubm systefhs. of the JT mode in LCM& is also shown in Fig. 9. In agree-

To our knowledge, no experimental data under pressure i ot yjth the above discussion it is well evident that a much
the high pressure regime on single layered manganites, buf.,nqer pressure dependence of the JT modes is shown by
ours in Ref. 11, have been published so far, while sever e two doped compounds in comparison with the pure one.
studies have been reported on bilaye.retilléjoped COMPOUN§Foreover in the 07 GPa pressure range, almost identical
(n=2 in the Ruddlesden—Popper se}i€s™ In particular frequency values and pressure dependence are shown by the
an almost linear pressure dependence ofatendc lattice  jt phonons of the doped compounds, whereas a quite stron-
parameters has been found for 1181 Mn,0; (Up 10 ger extent of charge delocalization was observed in LCMO
~1 GPa, Ref. 1#and (LaeNdy)1SndMn,07 (UP 10 han in [ SMOM The strong similarity of the phonon behav-
~9 GPa, Ref. 16 In both cases the compressibility along jor ghserved, at least before the onset of the structural insta-
the a axis is about 1.5 times larger than along thaxis. In  pjjiry in LCMO, confirms the common nature of the vibra-
the present experiment this behavior is shown only by thgjona| modes involved. On the contrary, in order to explain

LSMO sample, whereas SMO exhibits an almost isotropiGhe different extent of pressure-induced charge delocaliza-
compression(see Fig. 6, thus suggesting the relevance of {jon e have to take into account the different dimensional-

the _doping ac'givated JT distortion. V\./it.h.in a linear approxi- ity of the octahedral arrangement, which is 2D for LSMO
mation, an estimate of the compressibility along géhendc  4q 3D for LCMO. The number of first neighboring octahe-
axes [ Ba=—(d/oP)(a/ap) and Bc=—(d/dP)(C/Co), 1€ gra is 4 in the 2D lattice while 6 in the 3D one. As a conse-
spectively yields indeedf;=pB;=2.2x10"°GPa ', B  quence, the average number of distorted Mna@its within
=22x103GPa?, and Bo=15x10"2GPa’ in the the cage of the first neighboring octahedra is approximately 2
0-10 GPa pressure range. Although sinétnesof the octa-  in LSMO (50% of Mn"%) and 5 in LCMO(75% of Mn"3).
hedral plane with respect to the interlayer axes could be exthe above differences and the possibility of buckling of the
pected in doped compounds, it is interesting to note that thigctahedra in the layered compound enable to place JT dis-
order is restored in LSMO not by an increase in compresstorted octahedra in the 2D square lattice of LSMO more
ibility along thea axis, but by arhardeningalong thec axis.  easily than in the 3D cubic lattice of LCMO. In other words,
This effect can be explained by taking into account that thehe dimension of the structural perturbation of the lattice of
metric in-plane JT distortion can be allocated along thethe octahedra around a given distorted octahediian,
MnQOs plane by a buckling of the distorted octahedra. As aaround a M ® ion) is smaller in LSMO than in LCMO. In a
consequence, the interplane distance can get shorter with th@laronic scenario the dimension of the lattice perturbation
hardening of the lattice along theaxis. associated with charge is directly proportional to the polaron
The different pressure behavior of the octahedron bendingnobility,** i.e., the larger the dimension the higher the po-
phononsy; in the two samplegsee Table | and Fig.)xan  |aron mobility. In the layered compound we have a charge
be explained by the different contraction of tieaxis, self-trapped in small local lattice distortion which can be
whereas the pressure behavior of th and v§, modes, hardly affected by pressure while on the contrary the large
shown in more detail in Fig. 9, involves directly the elec- extension of the lattice distortion in the pseudocubic system
tronic properties of the systems. As is well evident from theallow an easier pressure induced charge delocalization. The
figure, the phonon frequency of LSMO shows a quite re-pressure is thus much more effective in delocalizing charge
markable pressure dependence in comparison with that d@f.e., polaron in LCMO than in LSMO, although a similar
SMO. The observed difference must be ascribed to the strongduction of the JT octahedral distortion is suggested in both
doping-activated charge-lattice interaction, since the almoshe compounds by the similar pressure dependence of the JT
identical pressure dependence of ¢haxis in both the com- phonons.
pounds(see Fig. 6 suggests the weak relevance of steric In conclusion, the present data represent an experimental
effects. Indeed the progressive pressure-induced removal @rivestigation of the physical properties of single-sheet lay-
the JT distortion gives a further contribution to thatural  ered manganites carried out over a wide pressure range. Pres-
hardening of the/"? frequency due to the Mn—0O bond con- sure dependence of both phonon peaks and lattice parameters
traction. have been obtained in kgSr, sMnO, and SgMnO,. The
When the JT effect is turned on by doping, a further con-comparative analysis of the results allows to identify the
tribution on the mode anharmonicity is also expected. Sincgpeak at higher frequency in the Raman spectrum as a JT
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phonon and to give a reliable assignment for the other thremvestigations of a pseudocubic manganite, the role played
phonon modes observed. The relevance of the JT octahedray the lattice dimensionality3D vs 2D on the pressure-
distortion on the lattice structural and dynamic properties hagwduced charge delocalization mechanism is evidenced.
been highlighted by comparing the pressure dependence
shown by doped and pure samples. This analysis, supported
by the strong pressure dependence exhibited by the mode-
Gruneisen parameter of the J-T phonon in the doped sample,
shows a progressive pressure-induced reduction of the JT We would like to acknowledge Professor M. Nardone for
distortion. Finally, in comparing the present results withhelpful support and fruitful discussions during the Raman
those obtained in previous infrared and Raman high-pressuexperiment.
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