JOURNAL OF APPLIED PHYSICS VOLUME 87, NUMBER 9 1 MAY 2000

Effect of Zn substitution on para- to ferromagnetic transition temperature
in Layg7,Cag33Mny_,Zn, 05 colossal magnetoresistance materials

V. P. S. Awana,® E. Schmitt, and E. Gmelin
Max-Planck-Institut fu Festkaperforschung Heisenbergstr-1, D-70569 Stuttgart, Germany

Anurag Gupta, A. Sedky, and A. V. Narlikar
National Physical Laboratory, K. S. Krishnan Marg, New Delhi 110012, India

O. F. de Lima and Claudio A. Cardoso
Instituto de Fisica, “Gleb Wataghin,” UNICAMP 13083-970, Campinas, SP, Brazil

S. K. Malik
Tata Institute of Fundamental Research, Homi Bhabha Road, Bombay 400005, India

W. B. Yelon
Research Reactor Facility, University of Missouri, Columbia, Missouri 65211

Structural, magnetic, and thermal measurements are carried out on jg&&mMn; _,Zn,Og
system withx=0.0—0.50. The structural characterization of the samples is done by Rietveld
analysis of their neutron diffraction patterns. Zn substitutes at Mn site isostructurally xuntil
=0.30. Oxygen content remains nearly invariant withMagnetic and thermal measurements as
well as the electrical resistance show a para- to-ferromagnetic transifign athich decreases with

an increase of. For low Zn concentratiofuntil x=0.079 the decreasdT,/dx is smaller than for

the larger concentrations of Zn. Relative decred3g/dx at higher concentrationsxt>0.10) is
similar to that observed earlier for the | @Ca 3dMin; _FgO; system. For the transition &, , the
related change of magnetic entropy ;) are calculated from the heat capacity data and indicate
that forx=0 the expected valuaS;;=12.8 JJmol K is recovered. @000 American Institute of
Physics[S0021-897@0)26508-0

I. INTRODUCTION the HTSc compounds to control effective Cu valency. In
both cases variation of the Mn/Cu valency is achieved by
The invention of high temperature superconductivity either alliovalent substitution and/or by changing overall
(HTSo) in perovskite oxide cupraté$ initiated a hectic re- oxygen content which determines the valueTgfor T 27
search of material scientists towards similar perovskite ox{T., superconducting transition temperafur&imilar to
ides, which might not be cuprates or even not superconducHTSc compounds, both Cu and Mn can be substituted par-
ors. A novel material, with the nominal formula tially by other 3d metals like Co, Ni, Fe, and Zn. In case of
RE; EaMnO;.s (where RE=La,Pr,Nd,Sm, etc, CMR compounds, Mn-sit€3d) metal substitutions were also
Ea=Ca, Sr, Ba, Pb, et}.belonging to perovskite oxide mag- carried out’=?2 and the results were explained in terms of
netites, was reinvented in 1983 These compounds show a changed MA*/Mn** ratio. T, decreased monotonically with
very large colossal magnetoresistan@MVR) that makes increasing Fe concentration and disappeared for 18 at. %
them interesting for practical applications. Besides their poMn/Fe substitutiort®~*® Keeping in mind that Cu/Zn substi-
tential practical applicability, the fundamental research ortution in HTSc cuprates resulted in interesting physics, it
knowing the actual mechanism of the CMR phenomenon haseemed useful to study the same in CMR materials also. This
also attracted great interest:? What is known by now is is the aim of present study., decreases with an increase of
that T,, the paramagnetic-to-ferromagnefipf) transition X as it is seen from resistivity, magnetization, and heat ca-
temperature, where the CMR occurs, is highly sensitive to pacity versus temperature measurements. The relative de-
the doping concentration and the oxygen deficiency in crease ofT, with Mn/Zn substitution is similar to that ob-
RE;_EaMnOs;. s sample$ 12 By changingx with fixed 5  served for other 3d metal substitutions on Mn-$t& but
or vice versa, one essentially changes théMvn** ratio  different to Fe'®~*®We could find only few repor$?* on
in these compounds'® There exists a clear relation between Mn-site Zn substitution in CMR materials and that also for
T, and the amount of Mt ions. In addition, most of these fixed Zn concentration of 5 at.%hand 15 at. %2
compounds go through a structural phase transitiogonal
to orthorhombig often coupled with the pf transition and |l. EXPERIMENT

accompanied with a change in sign of charge carriers at

T 145 Samples of the series baCa 3dVin; _,Zn,0O5 with x

=0.0-0.50 were synthesized through a solid-state reaction
route. Magnetization measurements were performed on a
physical property measurement system from Quantum De-
sign, in an applied dc field of 0.5 T. Heat capacity measure-
dElectronic mail: awana@tilux.mpi-stuttgart.mpg.de ments were carried out in temperature range from 100 to 300

The doping mechanism for changing ®riMn*" ratio
in the CMR materials is quite similar to that as followed for
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FIG. 2. Magnetization vs temperature plots forgk#a 3dMn;_,Zn,0;
system.

M T M AT AWM A x-ray diffraction patterns of all the lg/Ca3Mn;_,Zn,O5
a bt 7 samples show that Zn substitutes isostructurally upxto
TR T TR S T I .=0.30 beyond which the x-ray patterns contain some extra
, lines. Lattice parameters, oxygen content, and selected bond
20 (degrees) x 10 lengths for these samples deduced from Rietveld analysis of
FIG. 1. Fitted and observed Neutron diffraction patters for the neutron diffraction data are listed in Table I. The lattice
Lag :Cab sMn;_,Zn, O, system withx=0.0 and 0.15, taken at room tem- Parameters and oxygen content e_tre_negrly the same far all
perature. The vertical bars marked at the bottomset of fitted and observedp t0 0.15 due to nearly similar ionic size of Rirf* and
spectrum are for the LaCaMROCMR compounds with space group  Zn?", The Mn—Q1) and Mn—G2) bond distances also are
Pnma nearly unchanged. Some oxygen occupancies refine to more
than one which may be renormalized to conclude some de-

K using a commercial scanning calorime{@SC-2, from  ficiency in metal ions. o
Perkin Elmey. Neutron diffraction patterns at room tempera- ~ Figure 2 depicts the magnetizatiéh) versus tempera-
ture were obtained using the research reactor facility at thé!re. Obviously the pf-transition temperaturg,j decreases
University of Missouri. with increasingx. This is corroborated by the insulator-to-
metal transition temperature seen as a large anomaly in the
IIl. RESULTS AND DISCUSSION electrical resistivity measuremergslots are not shownAs
. ] ) expected, for most of the polycrystalline bulk materigjsis
Figure 1 shows the neutron diffraction patterns forpot sharp, but the pf transition takes place over a broad tem-
Lag.67C2.39MIN1 205 With x=0.0 and 0.15. Both the pat-  perature range of nearly 5-50 K, dependingxoiThe tran-
terns are similar from which we conclude that Zn substitutessjtion temperatureT ,(M) derived fromM(T) curves are
isostructurally at the Mn site in these compounds. AlSOtahulated in Table Il. They were determined as the crossing
point between thé/(T) curve, extrapolated from high tem-
TABLE |. Lattice parameters, oxygen content, fractional occupancies, and?@ratures, and the tangent on the inflection point on the high-

selected bond lengths for .&Ca 3dMn; _,Zn,O; (x=0.0, 0.05, 0.10, and
0.15. The numbers in parentheses give the estimated deviation in the last

significant digits). Typical atomic positions, which vary slightly depending TABLE Il. Para- to ferromagnetic transition temperature$,)( for

on the composition, are La,@@.0, 1/2, 9, Mn,Zn (0, 0, 1/3, O(1) (1/2, 1/4, Lag 6/Ca 3dMN; ,ZNn,0; system deduced from magnetizatidh(T;) and

0), and G2) (1/4, 0, 3/3. heat capacityC,(T,), change of entropyAS,) reflected to pf transition

deduced from specific heat curves in the range 100-300 K and taking

x=0.0 x=0.05 x=0.10 x=0.15 =0.30 as reference, anxiS,, the transition entropy corrected by contribu-

aA) 5.46147) 5.45037) 5.45485) 5.45324) tsignms Ieestimated from below 100 K and from the magnetic part-60.30

b(A) 7.715510) 7.697810) 7.702q7)  7.70085) ple.

c(A) 5.47797)  5.46736) 546905  5.46844) To(M To(C AS A

o) 0.992) 1.023) 1.032) 1.072) sample ?f() ) F’((K)P) ( J(,mS‘O]S)K) ( J,ms‘o’fK)

0(2) 1.0x2 1.0x2 1.0x2 1.0x2

Oxygen 2.992) 3.032) 3.033) 3.0712) x=0.0 277 274 6.4 12.8

content x=0.03 270 271 6.5 12.8

Mn—O(1) (A)  1.955410) 1.945@8) 1.95116) 1.95246) x=0.05 255 253 51 10.7

Mn-0(2) (A)  1.9575) 1.9434) 1.954931) 1.957930) x=0.075 238 240 3.75 8.9

1.9685) 1.9744) 1.9656300 1.960630) x=0.10 220 225 2.9 7.7
WR, 0.0454 0.0531 0.0549 0.0466 x=0.15 185 ‘.- 2.3 7.3
Rp 0.0335 0.0372 0.0395 0.0340 x=0.03 = : e e
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FIG. 3. Heat capacity G, vs temperature plots

100 K. Inset showa S as a function ok.

temperature side of th®(T) anomaly. Forx>0.15, T, is
no more clearly seen neither in bothl vs TandR vs T
measurements, nor in the specific h€gt

Figure 3 shows the heat capacit@{) versus tempera-
ture plots. The samplesx€&0, 0.03, 0.05, 0.075) show
well defined peaks, but only a less pronounced humpxfor
=0.1 and no anomaly for=0.15 and 0.3@similar to theM
vs T andRvs T experiments The transition§ ,(C,) shift to
lower temperatures with increasgd/alues and coincide ex-
cellently with T,(M) (see Table . Thereby,T,(C,) have

been calculated by application of the same method as use

for the determination of (M) (see earliex The change of
entropy S,y related with T, can be calculated from

for
Lay gL 3Mn;_,Zn,O5 system, measurements have been made down toF

Awana et al.

stituted in LaCaMn@for x>0.101°-22But for low x values
(x<0.10) it appears thatdT,/dx is much slower
[dT,/dx(Zn)=4.9Kat. %| in the present case, which
[dT,/dx(Fe)] is 24 K/at. % for Fe substitutiot?. A similar
situation is reported in Refs. 21 and 22, where two fixed
concentrations of Zn, receptively 5 and 15 at. % are studied.
Relatively higher valence substitution of ¢ at Mn site in
Lag, 6/Cay 3qMNO5 might decrease the M ratio faster in the
system when compared with partial substitution of Mn by
fixed valent Z&*. This might be a possible explanation why
dT,/dx decreases less at lowin the present case.
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