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We report a synchrotron x-ray-scattering study of the magnetoresistive mangagieStg,,gMnO;. At
low temperatures, this material undergoes an x-ray-induced structural transition at which charge ordering of
Mn3* and Mrf* ions characteristic to the low-temperature state of this compound is destroyed. The transition
is persistent but the charge-ordered state can be restored by heating above the charge-ordering transition
temperature and subsequently cooling. The charge-ordering diffraction peaks, which are broadened at all
temperatures, broaden more upon x-ray irradiation, indicating the finite correlation length of the charge-ordered
state. Together with the recent reports on x-ray-induced transitiong ig®aMnO;, our results demonstrate
that the photoinduced structural change is a common property of the charge-ordered perovskite manganites.
[S0163-182699)51110-7

Perovskite manganites of the general formulaThese changes are associated with the relaxation of the static
A;_,B,MnO;, whereA andB are trivalent and divalent met- Jahn-Teller distortion of the MiOg octahedra of the CO
als, respectively, have recently attracted considerable attephase upon the transformation to the metallic phase and the
tion by virtue of their unusual magnetic and electronicconcomitant charge delocalizatididowever, the depression
properties: These properties result from an intricate interre-of the charge ordering is not observed in all of the investi-
lationship between charge, spin, orbital, and lattice degreegated sample compositions. Therefore, mechanisms of the
of freedom that are strongly coupled to each other. Mangaphotoinduced transition which do not depend on the lattice
nite perovskites exhibit a variety of conducting and insulat-relaxation were propose€d.The details of the transition
ing phases possessing different types of magnetic orderingnechanism on a microscopic level are, however, still not
and structural distortion. Transitions between these phase®mpletely understood. The nature and the relative impor-
can be induced by varying temperature, pressure, or madance of the local electronic and structural changes produced
netic field. In the latter case the celebrated phenomenon dfy the photoelectrons in these materials require further in-
“colossal magnetoresistance” is observed. vestigation. In particular, study of the photoinduced transi-

Recently, the manganite perovskite; P(Ca,Sr)MnO;  tions in the manganites exhibiting different properties than
(x=0.3-0.5) has been shown to undergo an unusudhose of Py_,(Ca,Sr)MnO; should be helpful.
insulator-metal transition when it is exposed to an intense In this paper we study lg;s5lh 1,9MN0O5, a perovskite
x-ray beam at low temperaturés (Visible light does not manganite with a different composition and doping level
induce the transition unless an external electric field ighan the previously investigated Pr-based materials.
applied®) Pr,-Ca MnOj; is a paramagnetic semiconductor Lag g7:5l 1,dMNO5 is orthorhombic at all temperatures. In
at high temperatures, and a charge-orddi@®) antiferro- terms of the underlying distorted primitive cubic perovskite
magnetic insulator with a static superlattice of ¥Mnand  cell dimensiora, the orthorhombic lattice constants are ap-
Mn** ions below~200K.”® Upon x-ray irradiation below proximately expressed as~v2a., b~v2a., c~2a.. The
~40K, the material is converted to a ferromagnetic conducerthorhombic axesa, b, and ¢ run along the (11 Q),
tor, and the charge ordering is destroyeSimultaneously, (1 —10)., and (00 1) directions in the cubic lattice, re-
substantial changes in the lattice parameters are obsérvegpectively. At room temperature, §g:Sk 1,MnO; is a
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semiconductor with the lattice constants satisfyoig2<a ' ' &

~b (the pseudocubi©* phasg.® As the temperature is re- %\m-jj $o b)
duced belowTl's~ 260K, it undergoes a transition to the dis- 0.8 50K %0 L ]
torted O’ phase in whictc/v2<a<b. At T,~190K it be- 4 S W 1 ooc:,
comes a ferromagnetic metal, and finallyTato~ 150K the § 145K @qu 0.6 K me® R,

material undergoes a transition to a charge-ordered cante

[¢e]
insulating state which is pseudocubic in analogy to the high- 5 -0 1130 S Wo%mm

arb.

temperatureO* structure’ This low temperature state is = | 1ssk ;59“ K 0.4r & ]
structurally distinct 8&=b~c/v2) from theO* phasé’and & %;mm REC S —

is referred to as th@" state. The CO state exhibits a static & 0-3 M%m 0.2 [ 180K 1
lattice distortion due to the spatial ordering of the Jahn-Teller égz;, 4 s e
distorted Mt Og octahedra. This distortion results in a dou- T=280K % T=280K &

bling of the unit cell in thec direction, giving rise to K, K, oo 039 T “Co2) 29

L +0.5) neutron-diffraction peak€0 peaks!! The charge- 226 227 228 229 2770 2.785 2.800
ordering pattern in Lgg;sSIp 1,9MNn0O; is different from the Q (& Q (A

one found in the CO phase of the ;Pg(Ca,Sr)MnO;

materials FIG. 1. Longitudinal x-ray-diffraction scans in the vicinity of

We find that belowT=T,~40K x rays induce a struc- the (0 2 0 and(0 2 2 Bragg peaks at various temperatures.

tural transition at which charge ordering is destroyed and the ) e .
lattice constants change significantly. As i g, MnOs, ~260K, two peaks can be identified in each scan. In _F|g.
this transition is persistent as evidenced by the fact that th&(® the weaker peak i2 0 0, and the stronger one contains
material remains in the x-ray-converted state when the x ray80th (0 2 0 and(1 1 2) peaks. In Fig. (b), the weaker and

are off: however, the CO state can be restored on heatint]€ Stronger peaks at@ 0 2) and(0 2 2, respectively. The
aboveT o and subsequent cooling. The CO peaks are broa ttice constants obtained frorr_l thgse data are S|m|lar.to. those
at all temperatures, indicating that the charge-ordered dc{_eforted in Refs. 9 and 10 indicating that the sample is in the
mains never grow larger thar500 A in size. Our results O Phase. Allco<T<Ts (150 K<T<260K), the material

show that the photoinduced structural change is a commof§ N the distortedO” phase. In this phase, th& 0 2 and

feature found in the CO phase of the perovskite manganite® 2 2 peaks broaden, indicating that a substantial lattice
of various compositions and doping levels. strain occurs. AT<T.q, the material recovers a pseudocu-

The measurements were performed in a cIosed-cycI_QiC structure>!® This charge-ordered phase, denotedd4s

displex refrigerator mounted on a four-circle goniometer atS distinct from the high-temperatu®* phase because it
beamline X20A at the National Synchrotron Light Source.€XNibits a different type of orthorhombic distortioa%b
The x-ray beam was monochromatized by a double crystal”¢/v2).™ As a result, the diffraction patterns &t=280K
Ge (111) monochromator, scattered from the sample, ana@nd atT=50K shown in Fig. 1a) are clearly different.

lyzed by a Ge(111) crystal and detected by a scintillation ~ We now turn to the x-ray-lndu_ced structural transition that
detector. The incident photon energy was 8 keV, and théakes place atT<T,~40K. Figure 2a) shows x-ray-
photon flux was~3x10"s *mm 2 Single crystals of diffraction scans in the vicinity of théd 2 0) Bragg peak at

La; ,Sr,MnO; were grown at MIT by the floating-zone

. . . Irradiation Dependence -~ Irradiation Dependence
technique described elsewhéfeThe sample composition %30 e
was verified by electron probe microanalysis. For this experi- {59 S 25(9 122 min ° b)
ment, a sample witki=0.123+0.003 was chosen. The tran- £20 P
sition temperatureJs, Te, and Tco were determined by 1051 =15 o
electrical resistivity and magnetic susceptibility measure- £ §1g 2o & %
ments and agreed well with previously reported values. >1.00 5 sttt | G, i

To illustrate the structural phase transitions that take place-€ = 277 2-7802&_1)2-30 2.81

in Lag g7550.12MNO3 at Ts and T¢o, We show longitudinal 0,75

(i.e., parallel to the scattering vectot-ray-diffraction scans & S

taken at several temperatures in the vicinity of (@& 0) and é 0.50 ’% c)
(0 2 2) Bragg peaks in Fig. 1. The orthorhombic structure of =~ o

o

Lag g7550p 129MNO; is derived from the underlying distorted 0.25 = ° o

cubic perovskite structure. Therefore, due to the presence o T
different twin domains in our sampl€Q 2 0), (2 0 0, and s ety

(1 1 2 Bragg peaks are simultaneously present in the scans 2.26 A-?'ZS . 0510152025 30

of Fig. 1(a). For the same reasoff) 2 2 and(2 0 2 peaks Q ( time (min)

are present in Fig.(b). A small difference between tte b, FIG. 2. X-ray irradiation effects on the diffraction scans in the

andc/v2 lattice constants results in the separation betweeRicinity of (a) (0 2 0, and(b) (0 2 2 Bragg-peak positions. The
the Bragg peaks corresponding to different twin domainstemperature is 10 K. The full-beam x-ray exposure time is indicated
The relative intensities of the peaks originating from the dif-for each scan. The solid lines i@) are the results of fits as dis-
ferent twin domains reflect the relative domain populationscussed in the text. Panét) shows the peak separation @ as a

in the portion of the sample probed by x rays. At-Tg  function of x-ray exposure.
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T=10K. The sample was cooled down with no x rays Lay 575570 125MN05
present. Each scan was taken with the incident x-ray beam 1.50 ' ' ' " '

attenuated 4000 times to insure that no photoinduced change % 1.50 5

occurred during the scan. Between the scans, the sample was . 1-29 (02 1.5) ol

subjected to the full beam intensity. The total full-beam *E g T=10K 0.75

x-ray exposure time is indicated beside each scan in Fig. 51.00 B 0.50f x-rays of 7

2(a). As the result of the x-ray irradiation, th@ 2 0 and £ 0.25

(1 1 2 diffraction peaks merge. The effects of the x-ray =0 75% 055 10 15 20 25]

irradiation on the(0 2 2) Bragg peak are shown in Fig(12. = time (min)

No x-ray-induced peak broadening is observed in the data of ~ §9-50F 7
[=

Fig. 2(b), and therefore the crystal lattice long-range order is

not affected by the x rays. The data of Figa2were fitted to 0.25 °°°°°ooooooooooooooooooooooo
the sum of two resolution-limited Lorentzian peakhe

v_veak(2 0 0 peak at sma_IIeQ has been exclu_deo_l frorr_1 the_ 0 0 50 100 150 200 250 300
fits]. The results of the fits are shown as solid lines in this time (min)

figure. The resulting peak separation as a function of x-ray

exposure time is shown in Fig(@&. Since the peaks are not FIG. 3. X-ray irradiation dependence of tii@ 2 1.5 charge-
resolved for timest>2 min, the peak separation can be ordering peak intensity af=10K. The inset shows the CO-peak
smaller than that shown in this figure. This is indicated by arintensity for t<<25min. The solid line in the inset indicates the
extended error bar at=30 min. The transition is essentially Period of time when the x-rays were turned off.

complete after 30 min (% 10**photons per mr). In the vi-

cinity of the (0 2 0 and(0 2 2 Bragg positions, the diffrac- for the case of Pr,Ca manganiféhe CO peaks are broad at
tion pattern found in the x-ray-converted phase coincidesll temperatures, and the correlation length of the charge-
within the accuracy of our experiment with the diffraction ordered state is always smaller than 500 A. Belbw the
pattern found al =280 K, when the latter is corrected for a width of the CO peaks grows with x-ray exposure. This is
uniform thermal contraction. This suggests that the x-rayllustrated in the bottom panel of Fig. 4: @=10K, the
converted phase is similar to the high-tempera@fephase. point with smaller inverse correlation length is taken after 2
However, complete crystal structure determination is rehours of x-ray exposure, and the point with larger inverse
quired to prove this hypothesis. To sum up, the data of Fig. Zorrelation length after an additional 9 hours of x-ray irra-
show that substantial structural changes are induced idiation.

Lag g7551.12MN0O3 when this material is subjected to x-ray  The structural changes found in | @Sl 109MN0O; and
irradiation atT=10K. Similar to the case of Pr, Ca-basedin Pr,_,CaMnO; (Refs. 2 and B are similar. However,
manganites, the material remains in the x-ray-induced statghe doping level X=3), and the CO pattern in

in the absence of x rays, but the origifal phase can be

restored after heating abovie. o and subsequently cooling. La Sr MnO

As neutron-diffraction measurements of Yamaelaal. 2500 0.87570.125"" "3
demonstrated charge ordering of M and Mrf™" ions oc- — (O 2 1 5)
curs belowT-o=150K. The lattice distortion associated =2000¢ 5020008 o A
with the charge ordering gives rise tbl (K L +=0.5) diffrac- > © °
tion peaks H, K, L integey. X-ray irradiation has been 'g 1500 o %
shown to destroy charge ordering inoREa, Mn0;.2 The 1000t o ‘“.«.o"""'go@
data of Fig. 3 demonstrate that this is also the case for = .0° &
Lag 5751, 12MN0O;. In this figure, the x-ray irradiation de- $ 500 OO o
pendence of thé0 2 1.5 CO-peak intensity alT=10K is = ws*® %:r"
shown. The inset in Fig. 3 demonstrates that the structural ) 0 § _—
changes occur only in the presence of x rays. The CO-peak -':50.010 o cooling
intensity is reduced by an order of magnitude after 300 min <o0.008} ® heating |
of x-ray exposure. The temperature dependences of the CO- 2 gﬁi!!.
peak intensity and its intrinsic width taken on cooling and on 50.006 ‘00..“‘“
heating are shown in Fig. 4. Due to the weakness of the CO E0.004} e o0 -
peak, the data had to be taken using the full-beam intensity. 8 O ©C0%00 %@
The suppression of the CO-peak intensity belbw 40K is z 0.002
x-ray induced and is not observed in the neutron experiment - 00 6‘0 1é0 180

of Ref. 11. No x-ray irradiation effects are found fadr
>T,. The CO-peak intensity does not recover all the way on
heating. Instead, it saturates Bt-60 K. At about the same FIG. 4. Temperature dependence of tf@ 2 1.5 charge-
temperature, the lattice gradually recovers the orthorhombigrdering peak intensitgtop panel, and the charge-ordering inverse
distortion characteristic of the unexposed material. One poscorrelation lengtibottom paneltaken on cooling and heating. The
sible explanation is that the CO state is metastable at loworrelation length was extracted by fitting the longitudinal x-ray-
temperatures, with a new equilibrium transition temperaturaeiiffraction scans to a Lorentzian fitting function convoluted with
T4 <40K. A similar suggestion has been made previouslythe experimental resolution.

Temperature (K)
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Lag g7:51.12MnO; are very different from those of Pr,Ca peak width with the x-ray exposure is consistent with the
manganites exhibiting the photoinduced transition. The feagradual diminution of the CO regions in the course of the
ture common to the CO phases in manganites is the statigansition. I_n addition, th(_a fa_ct _that the characterlstl_c size of
ordering of the Jahn-Teller distorted RO, octahedra. The the CO regions{500A) is similar to the microdomain size
photoinduced relaxation of the lattice distortion associated? Phase-separated §&C& MnO; (Ref. 13 suggests that
with this ordering is now found in two different CO systems. SOMe minority charge-disordered phase might already be
This suggests that such a relaxation is an intrinsic feature dir€Sent in the unexposed material. In both L&rMnO,

the photoinduced transition in manganites. In the model prod"d Pi-xCaMnG;, the CO pattern does not change when

posed in Ref. 2, an x-ray photon removes an electron fropine doping levek slightly deviates from the “ideal” com-

R 4 3 . . mensurate valug, (Refs. 7 and 1)1 (x.= 3 for the former,
the Jah_n TeI_Ier M_1°'1 Og seﬁ trap, leading to the relgxatlon of and x,=} for the latter material The CO phase is most
the lattice distortion (Mfi* is not a Jahn-Teller ion The stable atx=x.. In fact, PpCa eMnO, undergoes an x-ray-
electron goes to the conduction band and is not recapturef]y,ced tranéi.tion onlyl/ in ﬁigh' magnsetic fielden the con-

because of the metastable nature of either the metallic or tr‘ﬁary the transition is easily induced in @Sk 1,MNO;
CO state. However, it has been found in more recent worl%(/7 x.). Without making any statement on the nature of the
that measurable structural changes do not always accompapy(y-temperature state of this material, we note that the pres-
the photoinduced insulator-metal transit8ince the lattice ence of a smallO* phase fraction in the unexposed

distortion is a characteristic feature of the nonconducting CQ a g7:S1 1,MnO; (phase separatiprcould explain why this
state, this result is surprising. However, it can be explainegyterial is so prone to the x-ray-induced transition.

if, as in the case of BrCa MnO;, the photoinduced state is  The Jast point that we would like to make is that while the
highly - inhomogeneous. It has been shown that inphotoinduced transitions found in Pr,Ca manganites were al-
Pro 7Ca gMnO; the photoinduced transition proceeds via theyays of the insulator-metal type, the transport properties of
growth of islands of the second phase inside the original CQne photoinduced phase in §gSr 1,dMNO; have not yet
phase’® While the percolating network of such islands re- peen determined and will be the subject of future work.
sults in an insulator-metal transition, the associated lattice |, summary, LagsSh12gMNO; undergoes an x-ray-

relaxation may be unobservable if the fraction of the photojngyced structural transition in which charge ordering of
converted material is small. Thus, one of the possible mechay 3+ a3nd M ions characteristic to the low-temperature

nism; of the x-ray-induced transition involves the Iattipe 'e-state of this compound is destroyed. The CO phase can be
laxation caused by the _photoelectrons as an essential paftsiored by heating abovE. and subsequently cooling.
However, other mechanisms have been propdseti more e charge-ordering correlation length is smaller than 500 A
e>§per|men_tal and theoretical wor!< is required t(_)_eluc@ate ther all temperatures. Together with the recent reports on
microscopic nature of the photoinduced transitions in Manpy. _ (Ca,Sr)Mn0O;, our results demonstrate that the photo-

ganites. induced transition is a common property of the charge-

Our experiments show no direct evidence of phase sepajgered perovskite manganites, and that structural changes
ration during the x-ray-induced transition. The change of thep|ay an important role in this transition.

lattice constants in this transition is relatively small, making
observation of the growth of the second phase within the This work was supported by the NSF under Grant No.
original CO matrix difficult. However, the growth of the CO- DMR 97-04532.
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