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The influence of transition elemefitE) doping on the magnetotransport properties of {Ga, ;MnO; is
studied for the entire transition element sei€E=Cr, Fe, Co, Ni, Cu, Zpfor a fixed(5% at Mn sites dopant
concentration. The systematics of different properties such as the metal-insulator transition tempgyahee
Curie temperaturd, p(Tp),p(5K), and the maximum value of magnetoresistatié®), with respect to
lattice parameter and the ionic radii of dopants, are examined. The important findings include an interesting
correlation between the maximum MR, the lattice parameter, and the ionic radii, and some distinct features
exhibited by Fe, Cu, and Zn dopant§0163-1828)01146-1

Observation of colossal magnetoresistat€®R) in the  perovskite$> 3! Righi et al?® examined a 5% Fe-doped
perovskite manganite systems of the form,RE ,MnO;  LagCa MnO; compound and found a 50-K decreaselin
(RE=rare earth,A=Ca, Sr, Ba (Refs. 1-4 has spurred and a 10-15% decrease in the average moment measured at
considerable interest in the study of these compounds during T. Pissaset al?® studied the lightly (2%) Fe-doped
the past few years. The early work on the structural, magtag 76C& ,sMnO; compound by Mossbauer spectroscopy and
netic, and transport properties of these compounds was casuggested the existence of ferromagnetic clusters in the
ried out in the fifties” These and other subsequentsample with a size distribution. Ahet al?” observed that
studie§1® had revealed the significance of the replacement of Mn by Fe favors insulating character and
Mn3*-O-Mn** network in an unusual interplay of transport antiferromagnetism opposing the effects of double exchange.
and magnetism displayed by these materials. SpecificallyThese authors argued that the nonparticipation &t Fethe
Zenef had proposed the double exchange model to explainlouble exchange results purely due to the electronic structure
the concurrent occurrence of ferromagnetism and metalliconsiderations. The absence of any signatures &f Bed
transport in these compounds. The recent detailed researchB&" in the Mossbauer spectra in Fe-doped samples further
the properties of these compounds has, however, shown thatipports this conclusion. Consequently the My band
much still remains to be understood about the structurealone is electronically active, with the carrier hopping occur-
property correlations in these materials, especially the coming between the M and Mif* ions. Caiet al?® examined
plex nature of the interplay of the spin, charge, and latticehe properties of LggCay 3Mng oF& 103 and confirmed the
systems:*11~1"These studies have highlighted the compet-occurrence of spin-glass behavior therein. Their data also
ing role of the Jahn-Teller distortion associated with thesuggested the presence of, and competition between, ferro-
Mn3* jon as well as charge ordering effects in the attendanmagnetic and antiferromagnetic clusters in the system.
phenomena. There is growing evidence to suggest that th8ayathri etal?® also studied the properties of the
so-called double exchange model is insufficient to explairLay {Cay gMn; _,C0,0;3 system for 0.05:x<<0.5. They sug-
the rich variety of phenomena found in these compoundsgested that substitution of Mn by Co dilutes the double ex-
Among other issues, it is now clear that lattice strain andchange and transforms the long range ferromagnetic order to
deformations, which affect the MAh-O-Mn** bond angle a cluster-glass-type FM ord& M. Rubinsteinet al*° stud-
and length, have dramatic consequences for the properties igld the effects of Gd, Co, and Ni doping in 44Ca,;MNnO5
these system$-22 for high dopant concentration$>10%). These authors

An interesting way to modify the crucial Mh-O-Mn** pointed out that on the basis of the Goldschmidt tolerance
network is to dope at the Mn site itséf Some such studies factor considerations and the phase diagram of Hwang
have been undertaken during the past few y&ar$.Blasco et al*® one would expect an increase Bf by almost 100 °C
et al?* studied the structural, magnetic, and transport propfor a dopant concentration of10%. However, the results
erties of the LgzCa,Mn;_,Al,O5;_s compounds, wherein showed thafl. dropped by~30 K for this dopant concen-
the Al doping at the Mn site was shown to decrease the Curigration. They attributed this drop to the absence of double
temperaturd ;. and the metal-insulator transition temperatureexchange interaction between the dopé&@o, Ni) and the
T, rapidly with the Al concentration fox<<0.05 without ~Mn ion leading to the dominance of the antiferromagnetic
affecting the MR significantly. At highex values spontane- superexchange interaction. Ogaleal 3! studied the Fe con-
ous loss of oxygen was found with a concurrent enhanceeentration dependence of the properties of the
ment of MR. Several authors have studied the effects of Féa, ;:Ca, ,9Mn; _,Fe,O3 compound and discovered the oc-
doping at the Mn site on the properties of CMR currence of a localization-delocalization transition in the sys-
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tem at a critical dopant concentration. Based on their obser-
vations, these authors argued that a quasiparticle of a finite
dimension(few unit cell should be associated with the car-
rier transport in CMR materials.

Since most of the work on doping at the Mn site is fo-
cussed primarily on the use of Fe as a dopant, there appearg
to be a need to explore and compare the effects of different> 0.1
members in the family of transition elements on the CMR =
properties. The work reported here is intended to be a step irg
this direction. ;

The ceramic  samples (beCqMNO;  and
Lay Cay iMng osT By =05 with TE=Cr, Fe, Co, Ni, Cu, and
Zn) used in our study were prepared by the standard ceramic
route, employing sintering at a temperature of 1306%&.
Fine powders of the oxides of the required elements of high
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purity (>99.99% were taken in stoichiometric proportions. 0.001

The powders were mixed thoroughly using a mortar and

pestle for several hours. After dry mixing, propanol was 0 50 100 150 200 250 300
added to the mixture and again the mixture was ground so (a) Temperature (K)

that the particle size was reduced and the mixture became
homogeneous. The homogeneous mixture was put in a plati-
num crucible and heated for over 24 h in air at 900 °C. The 1.0
calcined powder thus obtained was reground and a small
quantity of binder poly vinyl acetatd’VA) was added to it.
The mixture was reground until it was completely dry. After
mixing the binder, the mixture was pelletized under a pres-
sure of 5 tons/cf Such pellets were heated for over 48 h in
air at 1300 °C. The resistivity and magnetoresistafae
fields up to 8 7 were measured following the usual proce-
dures. It was confirmed that our data for the undoped systernr
compare very well with the best results reported by other
groups. This ensures the quality of our sample processing
conditions and procedures.

Structural information was obtained from powder x-ray
diffraction studies. To see the variation of the lattice constant 0.0 -
we collected the x-ray data in th&®2ange of 10—-90° with a 150 200 250
step size of 0.02°, and long exposure tike24 h). To elimi- (b) T (K)
nate the error in th® values we used standard silicon pow-
der for all the samples. X-ray powder diffraction data con- FIG. 1. (&) Dependence of resistivity on temperature for un-
firmed the monophase character wiiseudacubic structure doped and transition element doped o @2 Mno.esTE)o.050;
in all the samples. The individual lines showed structures@mples(b) Dependence of the magnetization measured in a mag-
that reflect the presence of orthorhombic or tetragonal distor2€tic field of 2 Oe on temperature for undoped and transition ele-
tions as pointed out by Rubinste@t al® However, within ~ ment doped Lg;Ca MnoodTE)o 005 samples.
the accuracy of the measurement and analysis available to us,
it is perhaps not appropriate to analyze and compare thesbe case of Fe doping stands out clearly from the rest of the
distortions in quantitative terms for different dopants. Thedata for a significant downward shift i, as well as a
lattice constants were calculated using least-square refindéroadening of the temperature dependence on the ferromag-
ment of the powder diffraction data. netic metallic side. The cases of Cu and Zn doping also stand

Magnetization of all the samples was measured with aut for remarkably sharp drops in resistance on the ferromag-
SQUID (Quantum Design Inc., model MPMI$nagnetome- netic side(large temperature coefficient of resistancé/e
ter. To determine the magnetic transition temperature thshall discuss the special features about these three elements
temperature dependence of the magnetization data were oli=e, Cu, Zn in the context of the transport problem in the
tained with small applied magnetic fiel@ Og. The mag- course of the analysis of the entire data. In Fi¢o)lare
netic field was applied well above the magnetic transitionshown the data for the dependence of magnetization on tem-
temperature. The samples were field cooled from 300 to 5 Kperature measured in a field of 2 Oe for the undoped and the
Then during heating, the temperature dependence data wetldferent transition element doped samples. The lower shift
collected. We have taken thE-: to be the midpoint of the in T¢ is small for Cu- and Zn-doped samples, slightly larger
transition. for the Cr-doped sample, significant for the Ni- and Co-

In Fig. 1(a) are shown the data for the dependence ofdoped samples, and very large for the Fe-doped sample.
resistivity on temperature for the undoped and the different In Fig. 2 are shown the nature of the dependence of the
transition element doped samples. It can be readily noted thametal-insulator transition temperatufg and the Curie tem-
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FIG. 2. Dependence of the metal-insulator transition tempera- FIG. 4. Dependence of the percent departure of lattice parameter
ture T, and the Curie temperature. T, on TE for  froma cyo and the maximum value of MR obtained at a field of 8

Lag /Cay sMng o TE) 005 samples doped with different elements T for Lay /Cay sMng o5 TE)g 005 doped with different elements in
in the transition metal series. the transition-metal series.

peratureT for Lag 7C& MnO; doped with different transi- value for undoped LCMO, and the maximum value of mag-
tion elements. It can be seen that there is a sharp valley at t%toresistance(MR) obtained at a field o8 T for

location of Fe dopant and the values for the Cr-, Cu-, an a0 -Ca MnO, doped with different elements in the

En'dOpe?\AnSgr{Iﬂiﬂso)arem cllos_lgh t(\)/ Ithatf IOCr th(:]d IF\)IliJre[ransition-metal series. It is interesting to note that there is a
2.3 8 sampee. The values for -0~ a " significant degree of correlation between these two quanti-

doped samples are intermediate between theTigWl ¢ val- : :

; ties, although there appears to be a departure in the correla-
ues for the Fe-doped sample and the highest values for purg ™. : :
LCMO Ion in the case of Mr(which of course is the parent com-

In Fig. 3 are shown the systematics of the dependenc ou_nd gnd Co. The correlation between the Ig tti-ce parameter
of the resistivity value at the metal-insulator transition (Which is @ function of strain and oxygen stoichiomgand
temperaturep(T,) and at low temperaturgy(5 K) for MR3+(wh|ch4+|s a function of the the properties _of the
Lay, -Ca, sMnO; doped with different transition elements. It MN”"-O-Mn™ bond further emphasizes the coupling of
is interesting to note that these data have an almost exa8Pin, charge, and lattice in this system. This can be brought
inverse correlation to the data shown in Fig. 2. out with even greater clarity by examining the ionic radii of

In Fig. 4 is shown the nature of the dependence of thdlifferent transition element dopants. These are shown in Fig.
percent departure of the lattice parametéA) from the 5. The Mn ionic radius is used as the average over the radii

for Mn®" and Mrf" ions in the ratio 70:30. All other radii

1600 . . y . \ T — 50 are compared to thigMn,,) and are represented as percent-
1400 F e p(Ty) ] age departure from this value. Since it is demonstrated that
A N —a— p(T=5K) ] 40 Fe holds its valence state at-3n the system because of the
1200 | 1 absence of exchange with Mn ions in the matrix, we have
£ 1000 ] 1 30 El used_ the r_adius of the Be ion in the _plot. From similar
o r 1 c considerations and for charge neutrality condition we have
E 800 ] § used 3+ radii also for Cr, Co, and Ni for which such a
= ok 1% charge state is known to exist. However, for Zn the State
a ] = does not occur and for Cu it is rare; hence the radii for the
400 | 110 = 2+ state are used in the plot for these two ions. When the
; ] plot in Fig. 5 is compared to that in Fig. 4 one can see a very
200 ¢ 1o clear correlation between the maximum MR and the ionic
ok ] radii. This undoubtedly brings out the fact that strain plays a
: ‘ ‘ . . \ [ o] central role in controlling the magnetotransport in this sys-
Cr Mn Fe Co Ni Cu Zn tem. Note, however, that the scale for ionic radii for 2

species(Cu, Zn is significantly different from that for the
3+ ions. Thus the jumps in MR as we go from Ni to Cu and

FIG. 3. Systematics of the dependence of the resistivity value af'0m Cu to Zn do not strictly reflect the jumps in the ionic
the metal-insulator transition temperatyr€T,) and low tempera- radii. These two ions are-2 and should affect the carrier
ture p(5 K) for Lag Ca sMng o TE)g =05 doped with different el-  concentration as well, in addition to their implications for
ements in the transition-metal series. strain.

Dopant
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6 . . . . . 50 and compared the corresponding properties with those of
—— 3+ —a 2 Lay sCa sCo0; films. Based on the systematics reflected by
4t the data these authors argued that lattice polaron conduction
8 440 ¥ : ; P X
. p associated with the Jahn-Teller coupling is essential for the
g ,| g occurrence of CMR, the lattice distortion causing a further
= 130 2 enhancement of the CMR effect. Kweet al?? have also
Z /' = emphasized the role of lattice effects in the context of the
s oOr / 2 CMR properties based on their analysis of the metal-
% / 420 % nonmetal transition data on mixed valence manganites in
S 2 //——> S terms of the tolerance factortd, o/v2dyno) and the
Tf_ d f standard deviatiofr) of the rare-earth site cation radius. All
= al 410 = these studies collectively indicate that the CMR properties of
manganite systems are closely related to the topological fea-
tures of the MA*-O-Mn** network and their influence on

-6 — 0 the carrier transport.
Cr Mn Fe Co Ni Cu Zn While the present study confirms the importance of strain
Dopant on the nature of transport across thelWhO-Mn*" network,
it is important to distinguish between the effects caused by
FIG. 5. Percentage departure of ionic radii of different transitionindirect means, such as substrate-induced strain or strain due
element dopants (€F, F€'*, Co’*, Ni*", Cw#*, zr*") from the  to doping at the rare-earth site, from the effects caused by the
Mn ionic radius averaged over Mhand Mrf* contributions in the  direct incorporation of the dopant in the irO-Mn** bond
ratio 70:30. itself. The manifestation of strain could be entirely different
in the case of doping at the Mn site, which may be the reason
The early indications that strain is a critical considerationfor an apparent inapplicability of tolerance factor based con-
in the analysis of the properties of CMR manganites camaiderations in the case of Co and Ni dopant effects at high
from the work of Hwanget al,*® who examined the lattice concentrations as examined by Rubinsetiral > The depar-
effects on the magnetoresistance in doped Lalnkbr a  ture from the average Mn radifis(Mn),,] at the dopant site
fixed carrier concentration they found a direct correlationwould subject the neighboring Mn-O bonds to a centric push
between the Curie temperatufe and the average ionic ra- or pull thereby causing local distortions leading to unequal
dius of the La site(r ), which was varied by substituting Mn-O bond lengths in the surrounding unit cells. This dis-
different rare-earth ions for La. These results showed that theortion would lift the degeneracy of the, electron states
changes in the Mn-Mn electron hopping parameter due to thieading to a lowering of one of the twey levels and thereby
changes in the bond angle must be incorporated in the doubteausing trapping of the carrier. This should lead to a decrease
exchange picture. of T, and increase of resistivity. Among thet3ions, the
Neumeieret al'? and Hwanget al 3 examined the effects departure is highest for the case of Fe doping; hence the
of hydrostatic pressure on the magnetoresistance propertiesduction inT, (or T.) and enhancement gfis also seen to
of manganite perovskites. Neumetsral 12 found that pres- be maximum.
sure strongly decreaspsand drivesT - up at rates as high as The case of 2 ions(Cu and Zn is distinctly different for
+37 K/Gpa for ax=0.21 specimen of La ,Ca_MnO;. some specific reasons. First, there would be a local change in
The effects are relatively weaker, though significant even athe lattice constant caused by the incorporation of a signifi-
other concentrations. These authors emphasized that the okantly bigger ion. This is similar to the internal pressure
servedd T /d P values in manganites are significantly larger situation discussed by Hwareg al32 except for the fact that
than in conventional ferromagnets, and that the Mn-O-Mnin their case the pressure resulted via doping at the rare-earth
bond angled, which upon its decrease from 180° is observedsite. While a bigger ion at the Mn site should compress some
to reduce the magnetic exchange and electron hopping, ¥n3"-O-Mn** bonds radially, it would also lead to bond
perhaps the most crucial factor in determinifig. Hwang  angle distortion. Thus the transport will be radially hastened
et al®* have compared the effects of external hydrostaticand tangentially impeded in the neighborhood of the ion.
pressure and the internal chemical pressure caused by tiBecondly, there is a possibility that the presence of-ddh,
substitution of La by a smaller Pr ion. In the latter case theywhich is unable to acquire higher valence, would induce a
found a decrease ific, which they attributed to the rotation higher residence time of the higher valence state of Mn,
of MnOg octahedra leading t6<180°. namely, Mid* in its immediate neighborhood. Since kinis
Rodriguez-Martinez and Attfield studied the cation dis- a smaller ion, the suggested local charge ordering would
order and size effects in the CMR manganitesstraighten out the Mit-O-Mn*" bonds releasing the strain
(ApBo3MnOz, A=La, Pr, Nd, Sm,B=Ca, Sr, Ba and in the system. This appears to be the cause of an improved
found evidence for large cation disorder effects originatingquality of transition(TCR) in the Cu- and Zn-doped samples.
from the size differences between thesite 3+ ions and It may further be noted that the resistivity for the Cu-
B-site 2+ ions. Their analyses indicated that the Jahn-Telledoped sample is lower as compared to all the other samples
distortions assist electron localization near the metalover the entire temperature range. The origin of this effect
insulator transition temperature. Yeh and co-workets may possibly lie in the electronic nature of the grain bound-
studied the CMR properties of epitaxial {£a ;MnO5 thin  ary in the Cu-doped case being distinctly different with re-
films deposited on substrates with a range of lattice constan&pect to that in the other samples, in addition to the release of
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strain within the grain due to local charge ordering, as indi- In conclusion, transition element doping effects in
cated above. Since Cu and Zn have substantially large ionicag [Ca sMnO; have been investigated. It is observed that
radii as compared to the average Mn radius, such ions in thdopant-size-induced local strain effects are dominant in con-
proximity of the grain boundary may be attracted towards thdroling the magnetotransport in this CMR material. The case
boundary in order to release the local strain; thereby modi®f Fe stands out among thet3dopants due to the largest

fying the electronic states responsible for grain boundar)fjeparture of its ionic radius from(Mn,,), the radius of Mn

v
conduction. Whether the decorating ion poisons or heals thg’f 32;2;%? n%\/rﬁél;hectﬁﬁar?gdzyripp:gglrl. t(-)”;/?elcéjai(e)is?ger-

grain bo_undary electron_ical_ly depends upon_the_: details of thgbly higher TCR in the system presumably due to strain
electronic structure, which is unknown at this time. It S€eMS qief caused by local charge rearrangement

that Cu @° improves the grain boundary conduction
thereby reducing the overall resistivity, while Zrd'f) This work was supported by the NSF-MRSEC under
does not. Grant No. DMR-9632521.
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