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Abstract

The structural study of Cey.1Mn1yCryO3 (y = 0, 0.05, and 0.10) has been carried out by X-ray diffraction. For undoped sample
Sr9.9Ce.1MN0Og3, it undergoes a first-order structural transition accompanied by Jahn—-Teller (JT) transifipn=a820 K. The JT transition
temperature is reduced in Cr-doped samples, becoffiifig= 260 K for y = 0.10. The tetragonal4/mcm structure is characterized by the JT
distortion in MnQ; octahedra with the distortion modgs. With increasing Cr doping content, the deformation of Mrs@tahedra is weakened,
showing that Cr doping destabilizes the JT effect. In addition, elastic properties measurement indicates that a large softening of Young’s modulu
occurs in the vicinity off3T, which has been interpreted in terms of the strong electron—phonon coupling originating from the JT effect.
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1. Introduction e, electrons is important. There have been lots of experimental
works[4,5], which suggest importance of the electron—phonon
Colossal magnetoresistance (CMR) in the manganitesoupling in the manganites.
R1xAxMnO3 (R = rare-earth ions; A= divalent ions) with The clearest evidence of the JT effect in the perovskites
mixed Mr#t /Mn*t valence has become a focus of recent studhappens in the parent compound, LaMn®t room temper-
ies in view of their special electronic and magnetic properties aature, this compound is an A-type antiferromagnetic (AFM)
well as the potential applications. The feature of the CMR maninsulator in which a cooperative JT effect in the MnOcta-
ganites is the strong interaction between charge carriers in tHeedra induces an orbital ordering. Abdlig ~ 750 K [6,7] the
e, band, localized spins a$, electrons, and the crystal lattice. structure of LaMn@ becomes quasi-cubic, in which the MgO
Initially, the double exchange (DE) interaction between3¥n octahedra are quasi-regular. Chatterji e{&].have systemati-
and Mrf* introduced by Zendt] can explain the electrical and cally investigated the doping dependence of the JT transition in
magnetic properties qualitatively. However, a recent calculatioia; x«SxMnOs (0 < x < 0.1). They found that the JT transition
by Millis et al. [2,3] indicated that the DE model alone could not temperature is drastically reduced on doping with Sr. Over the
explain resistivity and CMR effects quantitatively. In addition past decade the structural, electrical, and magnetic properties
to DE model, a lattice polaron due to a strong electron—phononf the hole-doped manganites have been studied in the greatest
interaction plays an important role. Especially, they claimeddetail. In contrast to the hole-doped manganites, the electron-
that the lattice distortion due to the Jahn—Teller (JT) splitting ofdoped manganites (such as Ce doped CaploOSrMnG;)
have been an interesting syst¢®s-12]. It is a very important
. field for structural investigations in order to understand the role
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A recent study of the Mn sites doping iniRAxMnO3
has revealed that Cr has a spectacular effect in the magnetic
and transport properties. For instance, the Cr doping in the
charge ordered (CO) insulatorg2Cay sMnOs can destroy the
CO AFM state and induce a metal-insulator (M—I) transition
[13,14] The Cr substitution in electron-dopedds€e 1MnO3
leads to the coexistence of ferromagnetic (FM) and AFM
phases and the observations of cluster glass benagpnery
recently, we synthesized the Cr dopegd &y 1MnO3 samples :
and studied the electrical and magnetic properties associated 350K J A\ A
with JT transition[16]. The change of electrical and magnetic r . . T
properties due to Cr doping has been attributed to the weaken- 20 30 40 50 70 80
ing of JT distortion. In order to check whether the JT distortion 20 (degree)
is weakened by Cr doping, structural investigations as a func-
tion of temperature are required. In present Letter, we give &i9- 1. X-ray diffraction patterns of §ioCepy.1MnOz at 300 and 350 K. The
direct evidence of JT distortion of the Mg@ctahedra by X-ray inset shows (112) and (020) reflections of the tetragonal phase at 300 K.
diffraction in large temperature range. The results indicate that
Cr doping destabilizes the JT effect. The anomalous Young'&\bove 737 the unit cell is cubicPm3m lattice and belowr ;1
modulus properties imply the electron—phonon coupling due tohe reflections can be indexed by tetragohdfmcm lattice.
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the JT effect may play an important role in the system. The volume of the tetragonal unit cell is fow/2 x v/2 x 2)
times that of the cubic unit cell. As an examplég. 1 shows
2. Experimental the XRD patterns at two selected temperatures (300 and 350 K)

for undoped §9Ce 1MnO3. At 350 K, the structure of this

Polycrystalline S§9Ce.iMn;yCryO3 (y = 0, 0.05, and sample is cubic, where no lattice distortion exists. Upon cool-
0.10) samples were synthesized by the standard solid-state rieg, the structure changes to tetragonal lattice with static JT
action. Stoichiometric precursor powders SE;0eQ, MnO,  distortion at 300 K. The (112) and (020) reflections of the low-
and CpO3 were mixed and ground, then fired for 24 h at temperature tetragonal phase can be clearly seen at 300 K in
1050°C. The resultant powder was then pressed into small pekhe inset ofFig. 1 For all samples, the electrical and magnetic
lets and sintered at 120C for 24 h and then at 135@ for  properties associated with JT transition have been studied in
another 24 h. After the final grinding, the powder was pressedur previous worl{16]. Above T, the resistivity is low and
into bars with the dimension of 65x 4.5 x 1.0 mn? (for s independent of temperature down to 320 K. This is in agree-
Young's modulus measurements), sintered at 24D€r 24 h  ment with the fact that the high-temperature structure is cubic
and slow-cooled to room temperature. where the doped electrons occupy the degenegatand and is

X-ray diffraction (XRD) measurement was taken by Philips responsible for metallic conductivity. Belo#yT, the resistivity
X'pert PRO X-ray diffractometer with CK, radiation. The increases logarithmically with decreasing temperatures. The in-
structural parameters were obtained by fitting the experimersulating behavior in the tetragonal phase is consistent with the
tal data of XRD using the standard Rietveld technique. Young'docalization of doping electrons due to the strong JT distortion.
modulusE (T') were measured by the electrostatic drive and ca- The refined lattice parameters as a function of temperature
pacitor microphone detection techniglie’], which makes it are shown inFig. 2 For all samples, in tetragonal phase
possible to obtain the resonant frequency. The Young’'s modudecreases and increases with decreasing temperatures. The
lus E is given by mismatch between andc is enhanced by decreasing temper-
5 4 atures. In other words, the lattice distortion increases at lower

— Ansdl 12, (1) temperatures. On the other hand, Cr doping weakens the mis-

m41 match betweem andc. For instance, at 200 K the values of

where f is the resonant frequenaythe cross-sectional ared, mismatch are 2.4194, 2.3307, and 2.2923 Ayfer 0, 0.05, and
the density/ the length,/ the moment of inertia of the sample. 0.10, respectively. The mismatch disappears abruptly as the cell
In addition,m is 4.730 for the vibrating mode in the fundamen- structure changes to cubic upon heating. The drastic change of
tal mode. The measurement was made in acoustic frequentlye structure implies the first-order transition in the samples.
range with magnitude of kHz using warming mode in a vac- Concentrating first on the low-temperature phase, we ob-

uum environment at the rate of 1/Kin. serve a permanent or static distortion belfyy that results in
MnOQOg octahedra with two different Mn—O lengths. Table 1
3. Resultsand discussion we have summarized the geometrical parameters of undoped

Sip.oCe.1MnO3 that are directly related to JT effect. There
The analysis of XRD patterns indicates that a structurahre two different bond lengths and angles. At 300 K, the two
phase transition from cubic to tetragonal due to JT ordering odonger Mn—O1 bond length is 1.935(2) A, and the four shorter
curs atTyt for all samples. The JT transition temperatdig Mn-02 bond length is 1.913(1) A. The difference between
are 320, 290, and 260 K for= 0, 0.05, and 0.10, respectively. them is Ad = 0.022 A, which is regarded as the distortion
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parameter of JT distortion in Mr§octahedra. This value of ment with the rotation of the octahedron along thaxis in
distortion parameterad increases with decreasing tempera-opposite direction in the successive planesfiéfmcm space
tures. At 100 KAd gets to 0.071 A, which indicates that there group. InTable 1 we can clearly see that the Mn—02—Mn bond
is a strong JT distortion in Mn§octahedra and the doping angle deviates from 180 degrees and decreases with decreasing
electrons occupy thé; > .2 orbital of JT split state (elongated temperatures. Accordingly, the bending angle of Mn-02-Mn
octahedra). BelowsT, the orbital ordering is established due increases from\6 = 2.52° at 300 K toA# = 7.55° at 100 K.
to the cooperative JT effect breaking the degeneracy of th&he bending of Mn—O—Mn bond angle modifies the strength of
electronic configuration of Mt . This particular orbital order- the hopping integral between (Mn)—-2p, (O)—¢(Mn) orbitals
ing is responsible for C-type magnetic structure described imnd, therefore, the electronic bandwigtti,19] Therefore, the
the experimental work by Sundaresan eff&l]. On the other bending of Mn—O-Mn bond angle is responsible for the in-
hand, the Mn—O1-Mn bond angle remains 180 degrees and tiseilator state of r9Ce.1MnO3 in low-temperature tetragonal
Mn—-0O2—-Mn angle is smaller than 180 degrees. This is in agregphasg16].

Above TjT, the MnQ; octahedra become nearly regular in
the high-temperature cubic phase. At 350 K, the Mn-O bond

ssp@,  ,  Mmom | Pm3m {388 lengths are 1.9123(3), 1.9115(3), and 1.9107(2) Ayfet 0,
. 54 I 0.05, and 0.10, respectively. For the samples with different Cr
T saa ﬂa . < doping content, the Mn—-O bond lengths of the regular MInO
o 540} _a g : L. 380 © octahedra are very close from each other, which is due to the
saef ., e small difference in ionic size between Btn (0.645 A) and
532f, : : i, 1378 Cr3* (0.615 A) ions and only small values of the level of substi-
5,48.(b)\ [4mem : Pmam 1o tutions (up to 10%). Although no static JT distortion in MhO
. : octahedra has been observed, the existence of a dynamic JT dis-
TS Y2005 T P T tortion cannot be ruled out. For LaMa@®20], atT > 750 K the
% sl T2, - L. et MnOQOg octahedra keep their local distortion and the JT transition
] A e would only indicate a change from a static and cooperative dis-
5.36} ./”—“ : ; : N tortion to dynamic and local distorted octahedra. The observed
548k (€) e Pmam average cubic Iz_:tttlce in S_gCeo_ll\/!nl_yCry03 is proba_bly the
—_ : result of dynamic spatial fluctuations of the underlying tetrag-
% 544 y=0.10 \‘\‘ " lse2 ~ onal distortion. It needs further experimental results to support
o sd0f —*—a ja < the hypothesis that JT transition would correspond to change
53k A — 5 © from a static distortion to a dynamic one, without removing of
. : 381 the local distortions present in the Mp©ctahedra.
S o 2 am 30 Fig. 3shows the distortion parametets and A6 at several

selected temperatures in the tetragonal phase for all samples. As
discussed above, the JT distortion of Mp@tahedra increases
Fig. 2. Temperature dependence of the lattice parameters p§Cas1-  With decreasing temperatures, considering the continuous in-

Mn;-CryOgz for (a) y =0, (b) 0.05, and (c) 0.10. The structural transition due crease ofAd and A9. The distortion of Mn@ octahedra at a
to Jahn-Teller ordering is marked with the dotted lines.

Table 1

Refined structural parameters ofp3Cey 1MnO3 at several selected temperatures. Space gidypicm, Sr and Ce in 4(0,1/2,1/4), Mn in 4¢(0, 0, 0), O1

in 4a(0,0,1/4), 02 in &(x,y,0). (Mn-0) is the average Mn—O bond lengttMn—-O-Mn) is the average Mn—-O—Mn bond angle. The distortion parameter
Ad = dq — dp (dy = Mn-01,d> = Mn-02). The distortion parameteyd = 67 — 62 (61 = Mn—01-Mn,0, = Mn—02—-Mn)

300 K 250 K 200 K 150 K 100 K
a,b(R) 5.3770(3) 5.3636(4) 5.3615(2) 5.3529(2) 5.3492(4)
¢ (A) 7.7407(5) 7.7761(6) 7.7809(5) 7.7899(4) 7.7877(8)
v (A3 223.800(4) 223.704(3) 223.667(2) 223.208(2) 222.837(3)
x (02) 0.243(2) 0.239(2) 0.238(1) 0.241(3) 0.236(1)
y (02) 0.746(3) 0.741(4) 0.739(2) 0.735(4) 0.731(4)
Mn-O1x 2 (&) 1.935(2) 1.944(2) 1.945(2) 1.947(3) 1.947(4)
Mn-02x 4 (A) 1.913(1) 1.905(2) 1.898(1) 1.879(1) 1.876(2)
(Mn-0) (&) 1.924 1.925 1.922 1.913 1.912
Ad (B) 0.022 0.039 0.047 0.068 0.071
Mn—-01-Mn €) 180.00(1) 180.00(2) 180.00(5) 180.00(4) 180.00(5)
Mn-02-Mn €) 177.48(7) 175.42(8) 174.96(6) 174.50(6) 172.45(10)
(Mn—=0-Mn) (°) 178.74 177.71 177.48 177.25 176.23
A6 (°) 2.52 458 5.04 5.50 7.55
Rp (%) 5.95 462 452 4.87 497

Rexp (%) 4.11 3.32 3.03 4.02 3.30
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Fig. 3. Temperature dependence of distortion parametersda} d; — do and Table 2
(b) A6 =61 — 6> in low-temperature tetragonal phase. Structural parameters obtained by Rietveld refinements of X-ray diffraction
data of Sp.9Cep.1Mn1yCryO3 (y = 0, 0.05, and 0.10) at selected temperature

particular temperature is reduced with increasing doping conoC K- The relative Young's modulus£is defined ash £ = £(I')/ Emin- The

. L . values ofAE are obtained fronfrig. 4
tenty. In other words, JT distortion is weakened by Cr doping.
In order to study the Cr doping effect on JT distortion further, y=0 y=005 y=0.10
we study the elastic properties by Young’s modulus measuret (%) 5.3615(2) 5.3692(4) 5.3813(3)

ment for all samples. Young’s modulus microscopically reflects’ ( )23 7.7809(5) 7:6999(4) 7.6736(4)
he strain among the atoms. For isotropic materials such s ) 223.667(2) 221.9753) 222.215G3)
the s Among : pic r aRn-0) (A) 1.922 1.903 1.913
polycrystalline samples, Young’s modulésis given by: (Mn-O-Mn) (°) 177.48 177.60 177.83
Can(C 2C L2 Ad (A) 0.047 0.044 0.01
_ CaaCr1+2C1p) _ p(Sr+ “), (2)  26() 5.04 481 4.35
C12+ Caa A+ AE 2.42 1.73 1.25

A+ 2u = C11, A= C1o, = Caa, (3)

where) andy are Lamé’s constants ar; the tensor Com-  he gecrease of distortion parameters, indicating that the mag-
ponent of the elastic stiffness constant. Elastic constants aig: je of AE is proportional to the fraction of th@s-type JT
very sensitive to structural phase transition, the elastic CO”Sta'afstortion[Z 4]. Therefore, the decrease afE with increasing
softening is the soft mode associated with the transition angh, doping content show’s that Cr doping weakens the JT dis-

reflects the instability of the lattice to a strain of a given sym-,ion of MnOs octahedra. That is to say, the cooperative JT
metry([21,22] The experimental results of the relative Young's ofact is destabilized by Cr doping. '

ModulusAE (AE = E(T)/Emin) are shown irFig. 4. For all

samplesA E comes into being a valley and reaches a minimum )
value atTp. The values of’p are very close to the JT transition 4 Conclusion
temperatured;1. Undoubtedly, the softening of Young’s mod-

ulus in the vicinity of 737 should be due to the JT transition  |n summary, a JT transition associated with orbital order—
accompanied by an orbital order—disorder transition. Tée 3 disorder transition has been observed ind®en 1MnyCr,O3
electron state of transition-metal ions has an electric quadrupolg, = 0, 0.05, and 0.10). Due to Cr doping, the JT transition tem-
moment due to the orbital state as well as a magnetic dipole Mgeraturer;t decreases from 320 K for undoped sample to 260 K
ment. The softening of Young’s modulus should originate fromfor doped sample wity = 0.10. The JT distortion of Mn@oc-

the coupling of the orbital (quadrupolar) moment of theor-  tahedra is weakened by Cr doping. A large softening of Young’s
bital, d3.2_,2 andd,2_ 2, of Mn®** ion to the elastic straif23].  modulus in the vicinity offjr indicates that the strong electron—
Therefore, this simultaneous occurrence of electron orderinghonon interaction originating from the JT effect may play an
and lattice softening implies that extremely strong electronimportant role in the samples.

phonon coupling due to the JT effect may play an important

role in the samples. On the other hand, the degree of softeni
of E is reduced due to Cr doping. As an exampleTable 2
we compare the relative modulasE with the JT distortion pa-
rametersAd and A9 at 200 K for all samples. At 200 K the This work was supported by the National Key Research un-
values ofAE are 2.42,1.73, and 1.25 fer= 0, 0.05, and 0.10, der Contract No. 001CB610604, and the National Nature Sci-
respectively. The continuous decrease\d is consistent with  ence Foundation of China under Contract Nos. 10374033 and
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