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Cation disorder and the metal-insulator transition temperature in manganese oxide perovskites
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Structural changes in a series of 30% hole-doa®thO; perovskites have been studied by powder neutron
diffraction. Large local changes, consistent with the freezing of Jahn-Teller distortions of thg ddtebedra,
occur at the metal-insulator transition Bt,=363 K in (Lag 7{Ca 11Sh.19 MNO3. The 4 K structures of four
compositions with the sama-cation radius but increasing amounts Afite disorder, show an increasing
radial distortion of the Mn@ octahedra. The decrease Tn, across this series may reflect these increasing
distortions which lower the local strain contribution to the transition enthdp@163-1828)05030-9

A variety of electronic and magnetic states are observetbw 200 K. Fits to the TOF data show that the two phases
in dopedAMnO; perovskites where tha sites are occupied coexist in this region, as found elsewhérand at 4 K the
by a mixture of trivalent lanthanideL) and divalent Ca, Sr, sample consists of 82% orthorhombic and 18% rhombohe-
or Ba (M) cations. The transition from a low-temperature dral phases. Té4 K patterns of the other three samples were
ferromagnetic metallic state to a high-temperature paramaditted by the orthorhombi®nmastructure and no evidence
netic insulating phase has been of particular interest as [fr @ rhombohedral component was found. The combined

gives rise to colossal negative magnetoresistances at th&vp residzuals for the refinements were 1.5-1.6% and the
metal-insulator transition temperatFe,. -2 reducedy” values were between 2.9 and 3.7.

We have previously showinthat in a series of A structural discontinuity is observed in rhombohedral
(Lo.7M 2 MnO; perovskites with a constant meArsite cat- (Lao.7Ca 1151019 MnNO; at Try (Fig. 2), as found in many

11
ion radius(r ) T,y shows a strong linear dependence uporther manganites.™ Although the average Zrystallo-
the variance(second momeitof the A-cation radius distri- 9raphic symmetry of the Mngbctahedra is unchanged at the
bution 02—<r2>—<r )24 For this series of samples with transition, small anomalies in the Mn-O bond distance and
=(ra)—(ra)*

(r)=123 A, the experimental value ofiT, /do? is Mn-O-Mn angle are observed. To measure changes in local

: . . , the displ for th
—20 600-500 K A2, This effect was attributed to displace- structure aff,, the displacement parameter for the oxygen

£ 1h o atom around the mean position was refined anisotropically
ments of the oxygen atoms due to thesite disorder, as (o qata hetween 150 and 550 K. The principal mean square

shown by the simple model in Fig. 1. This shows that jispiacements perpendicular to the WHvin vectorsu, and
provides a measure of the oxygen displacemehtiie oA, yary smoothly[Fig. 2(b)] whereas a clear discontinuity in
cation size disorder and thaty(—(rA)) is the complemen- they, data atT,, shows that significant local changes in the
tary measure of displacements duditg) being less than the
ideal valuerg. This is defined as giving a tolerance factor
t=1[t=((ra)+ro)/N2(ryntro); ro andry, are the radii

of the oxide and manganese idns

To investigate the structural changesAMnO; perovs-
kites as a function of? and at the metal-insulator transition,
four of the previously reported compositidnkave been
studied by time-of-flight TOF) powder neutron diffraction at
4 K on the POLARIS diffractometer at the ISIS source,
Rutherford-Appleton Laboratory, U.K. The four samples
(Table ) have the sam&=0.3 doping level andr,)=1.23
A, and show a linear decrease ®f, with o®. A variable
temperature study of the sample with the smallest
0?2 (Lag 7dCa 115t 19MnO; was also carried out using a
cryostat and furnace to access temperatures between 4 and
550 K.

TOF data from detector banks a#235° and 145° were o +o -0 A A
Rietveld-fitted_ simultgneousﬁy providing data ‘?'OW” to FIG. 1. Model for local oxygen displacements AMnO; per-
0.4 A d spacings Wh'Ch enabled the atomic d'Sp_IacemenBvskites. A fragment of ideal cubic structure wittcations of radii
factors to be refined accurately. The profiles for o s shown schematically ite) and as spherical ions ith). Cation
(Lag 7¢Ca 115119 MNO3 show that a transition from the gjze disorder in(c) gives rise to random oxygen displacements
high-temperature rhombohedral structuR8¢ symmetry to Q=0 and a reduction in thé site radius in(d) leads to ordered
a low-temperature orthorhombi®®(ima phase occurs be- oxygen displacemen®=r8—r,.

0163-1829/98/5&)/24264)/$15.00 PRB 58 2426 © 1998 The American Physical Society



PRB 58 BRIEF REPORTS 2427

TABLE I. A site compositions and their? values,T,,’s (Ref. 3, and selected parameters frone th K powder neutron refinemersell
parameters and volume, Mn aidsite magnetic moments and Mn-O-Mn angles, with estimated standard deviations in parentheses

Mn-O(1)- Mn-0O(2)-
A site composition o? (A?) T, (K) a(A) b (A) c(A) V(A% umn(me) ma (ug) Mn(deg) Mn (deg)
Lag:Ca1:Sh1o  0.0016 363 5.4588) 7.71462) 5.50081) 231.631) 3.551) 0 161.246) 165.294)
LagsPlosSha  0.0020 336  54544) 7.70672) 5.49531) 231.041) 3.611) 0.142) 161.124) 164.273)
P 76T 2B80.07 0.0074 247 5.4602) 7.71022) 5.48522) 230.922) 3.551) 0.291) 159.987) 162.725)
Ndy7Sh1Ba14  0.0123 146  5.468@) 7.72633) 5.48002) 231.521) 3.561) 0.3712) 159.199) 162.146)

Mn-O bond lengths occur at the transition. This has previsignificant variation witho®, which rules out an increasing
ously been observed in the orthorhombic perovskitespin disorder as the cause of the decreasg phcross the

Lay 76Ca ,MNn0;."® By extrapolating the thermal variations series. Although the cell parameters of these phases show a
of u; from above and below ,, to zero temperature, the decreasing orthorhombicity with increasimy cation size
increase due to static displacements is estimated ththe  variancecs?, the local distortions of the Mngoctahedra in-
~0.004 &, equivalent to a root mean square deviation ofcrease withr2. This is evidenced both by the ordered ortho-
+0.06 A about the mean Mn-O bond length of 1.96 A. Thisrhombic distortion of the octahedf&ig. 3a)] and from the

is consistent with a change from dynamic Jahn-Teller distorincreasing oxygen atomic displacement factffgys. 3b)

tions (mobile polaronsbelow T, to static, disordered distor- and 3c)]. The increasing dispersion in the three pairs of
tions (trapped Jahn-Teller polaronasbove the transitioft>? inequivalent Mn-O distances is reflected by a small increase
Only 70% of the Mn sites contain Jahn-Teller distortedin the average Mn-O distance and slight decreases in the
Mn3* and the other 30% MY sites prevent the formation of

a long-range cooperatively distorted structure such as that

: : 1.970 T T
found in undoped LaMn@*® The enthalpy difference be- ()
tween the dynamic and static Jahn-Teller stateb=e@ may 1965 F I ; 7
be estimated aAHg=6KAu;/2 per Mn atom(bonded to six @
oxygen atomp Taking the force constant for the Mn-O bond o 1960 ¢ ]
to beK~100 Nm ! (Ref. 14 givesAHg/kg~900 K (kg is & 3 ]
I 7B . S 1955
the Boltzmann constantwhich is a significant energy in - . }
comparison tol ,,= 363 K. 1os0F % 3 .
The four 4 KAMNnO; refinementgTable |) give the mean
ferromagnetically ordered moments at the Mn site andthe 1.945 ' '
site for samples containing magnetic lanthanides. The Mn 0.025 T T
moments are close to the ideal value of3s7and show no (b) . 1
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Temperature (K) FIG. 3. Variation of the orthorhombi4 K structures wittA-site

disorder;(a) Mn-O distances with the average shown as connected
FIG. 2. Thermal variation ofa) mean Mn-O distance and Mn- open points, and principal mean squared oxygen displacements in
O-Mn angles, andb) mean squared oxygen displacements in thethe directions shown in Fig.(B) for the crystallographically distinct
directions shown for rhombohedral ({.aCa.11S 19 MNO5. 0(1) site at(0.49, 7, 0.09 (b) and Q2) at (0.27, 0.03,—0.27 (c).
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Mn-O-Mn angles(Table ). Much larger changes in local over many deformations, it will contain components of the
structure with increasing? are evidenced by the; values  Jahn-Teller active orthorhombic and tetragonal distorfions
in Fig. 3(b), which show an approximately linear increase which lower the energy for polaron trapping B .
with o2 due to increasing static disorder as the change in the A full treatment of the competition between dynamic and
phonon contributionta4 K is minimal. static displacements is beyond the scope of this study, but we
In the idealAMNnO; perovskite structure, each O atom is note that the linear dependenceTqf upon o?, is rational-
coordinated octahedrally by fodrand two Mn cations. The ized by a strain term which may describe the reduction in
simple model in Fig. 1 shows that in an ideal cubic perov-polaron localization energy at the transition:
skite with meanA cation radiusrg, cation disorder only EK(QZ)
gives rise to oxygen displacements perpendicular to the Mn- meT?n——J, (1)
O-Mn axis [i.e., Q?=0 and Q3=Q3=0¢?, giving (Q?) 2AS,
=0.67 02, with the displacement directions as shown in Fig.where the mean square static oxygen displacements of Jahn-
2(b)]. The slopesiu; /a2 of the plots in Figs. @) and 3¢c)  Teller symmetry due te\ cation disordex Q3) are summed
give experimental measurements of the dependenc€¥ of over the all the Jahn-Teller modé€Rp, is the transition tem-
upon o in our series b4 K orthorhombic structures with perature atr?=0, andAS,, is the transition entropy. This
(ray=1.23 A. These show that all three displacements inenables dT,/do? to be estimated asdT,/do’~
crease witha?, as these structures are orthorhombic with_3K<Q§>/Asm for the summation over six Mn-O bonds per
(rpa)=1.23 A significantly less than2= 1.30 A so that the  Mn cation. ApproximatingA S;,, by the dominant magnetic
environment around oxygen is less symmetric than in Fig. lentropy change\ S, ~kgIn(2(S)+1)~1.5g for (S)=1.85
Nevertheless, it is notable that the mean valueSwfo? are  and taking<Q§>/g2:Aul/02:o_4 from Figs. 8) and
0.68 for the @1) oxygen site and 0.63 for @), giving an  3(c) and K~100 Nm! as before givesdT,/do?~
overall mean of 0.65, in excellent agreement with the pre--60 000 K A2 This compares well with the observed
dicted(Q?)/o*=0.67 value for the increase in mean-squaredajue of —20 600 K A 2 given the uncertain values of the
oxygen displacement with site disorder. This verifies the above parameters and the assumption that all the radial dis-
use ofo” as a functional for displacive disorder of the oxy- placements induced b site disorder are Jahn-Teller active
gen atoms due 4 site cation size disorder in perovskites. (j e, that(Q2)=Au,),which overestimates the magnitude of
The increase ofi; with 2 in Figs. 3b) and 3c) is par- dT,,/do?.
ticularly significant as it demonstrates an increasing radial Tpe analogous effects of increasing and (rg—(rA)) in
distortion resulting.in an increasing.dispersion in Mn-O bondFig. 1 suggests that decreasifig,) should also lead to in-
!engths due t\ catl_on disorder, Wh'.Ch can affect the Ch_angecreasing distortions of the Mn®@ctahedra. Evidence for this
in u; at the metal-msulator transition. Across th'e series ofiS contained in the study by Radaed al. who carried out
four samples, the average increase of 0.084nu, is equal low-temperature neutron structure refinements on a series of
tp the ex.trapole'tted‘=0 difference inu, between the met.al— LoMoaMnO; compounds with widely varyingr,) and
lic and insulating states of (k8Ca1:519MnOs esti-  \ariaple?.8 They found an inverse correlation betwekp
mated above. _ _ _and the mean Mn-O distance which, as observed in Fa), 3
A simultaneous electronigmetal to insulatd; magnetic 5 5 measure of the degree of radial distortion of the MnO
(ferromagnetic to paramagnefi@nd structuraldynamic 0 anedra. It has recently been shown that the superconduct-
static Jahn-Teller distortionsecond-order phase transition ing critical temperature T.) in L, gM1:CUQ, SUpercon-
OCCUrS in t.heS@‘MnO:% peroyskites aﬁ_’m. Variations inTp, ductors also decreases IiCnearIy widi?, 1 demonstrating a
du_e to lattice effec_:ts at a fixed doping Ieyel havg been aSgeneral sensitivity of electronic transitions in perovskite-like
cribed to changes in the double exchange interaction througlh, \jtion metal oxides to this lattice effect. The large qua-
rgductlon of the bandwidth. However, thg changes in bandéiratic dependence upon atomic displacements suggests that
width are very smal_l, for example, an estimated .3% C.hang%hanging strain contributions to the transition enthalpy are
was found for a series ol Mg MnOs samples in which oo hgible for variations i, or T, at a constant doping
Tm ranges from 350 to 100 RBandwidth is c_al_culated from level through equations such as Et). Furthermore changes
average bond gllstances and angles, but it is clear that tr}ﬁ transition temperature through changing hole doping by
small changes in average structureTator as a function of chemical substitution&.g., changing in La, _Sr,MnOs or

. 2 . .
changingo” result from much larger changes in disordered, o~ ¢ cuQ,) reflect both changing lattice and electronic
structure, which provide an alternative explanation for the

) X effects, so that maximum transition temperatures do not nec-
strong lattice dependence Bf, through changes in the struc- oqqaily coincide with electronically optimum hole doping
tural contribution to the energy for polaron localization. The g, /q|s.
above results show that the large linear decrea3g,iacross
the series of four samples with increasingjis accompanied The authors acknowledge EPSRC for the provision of
by a large, approximately linear increase in the radial distorneutron facilities and the Basque Government for support for

tions (u;) of the MnQ; octahedra. Althoughi, is averaged L.M.R.-M.
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