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Unusual electronic transport properties in La g9 Nd K gaMNO4
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Xinhui Zhang
Department of Physics and Astronomy, University of Oklahoma, Norman, Oklahoma 73019

Roger Wappling
Department of Physics, Uppsala University, Box 530, S-751 21 Uppsala, Sweden

(Presented on 14 November 2002

Polycrystalline Lg g5 xNdK( 0aMNO5 has been studied by means of x-ray powder diffraction, dc
magnetization, and electrical resistance measuremeptgLaNd, K cMnO; initially crystallizes

in a rhombohedral distorted perovskite structure. However, an orthorhombic structure is obtained
with increasing Nd content more than 20%. Both the rhombohedral and the orthorhombic phases
show ferromagnetic order. However, the compound shows a magnetic inhomogeneity behavior with
increasing Nd content. With increasing Nd doping, the ferromagnetic order is significantly
weakened, and the second magnetic transition occurs at a low temperature and its peak intensity
enhances. The resistivity of these compounds also exhibits an imhomogeneity behavior. The
rhombohedral phase shows a metal—insulétin transition but the Ml transition peak intensity is
obviously weakened and broadens with increasing Nd content and a low temperature insulator state
is observed in the orthorhombic phase. It is interesting that the second magnetoresistance ratio peak
appears at low temperature. It might be due to Nd induced low temperature phase separation
between the ferromagnetic metallic and antiferromagnetic insulating sta2008 American
Institute of Physics.[DOI: 10.1063/1.1544482

Colossal magnetoresistan@8MR)—a huge decrease in tions/~?In this article, we report our experimental results on
resistivity in mixed valent manganites of the formula crystal structures, electronic, magnetic, and magnetoresis-
R;-xAMnO; (R=rare earth elements; ACa,Sr,Ba,Pb) by tance properties of polycrystalline §_,NdKqMNO,
applied magnetic field—has triggered intense scientific activyith a long sintering period.
ity in recent years:? Millis introduced an electron—lattice Polycrystalline Lg g «NdyKg0MNO; (x=0-0.4) and
i_nteraction model, which included double exchange intera(.:N(:1()_96K()_()4|\,|no3 were synthesizéd by solid-state reaction.
tion, Jahn—Teller effect, and the .tolerance factor, to explalnrhe starting materials L®;, Nd,O;, MnO,, and K,CO,
the CMR of manganese perovskitebore recently, the in- were mixed in stoichiometeric proportions and were calcined

ves.tlgatlon on th.e low temperature electrgnlc transport ha t 1273 K for 20 h. The powder thus obtained was ground,
attributed great interest due to the coexistence of several

magnetic phases. This phenomenon is interpreted by an eIe%_—e”etlzed’ and sintered at 1473 K for 96 h. Chemical analy-

tronic phase separation between ferromagnetic metallic an%_:'s have been perfprmed for checkmg the element_composr
antiferromagnetic insulating state at low temperafure. tions. X-ray diffraction(XRD) was carried out by a Siemens

In LaMnO; doping La site by monovalent cation will D-5000 p'owde'r diffrac'Fom.et'er ad,, rgdiation. Rietveld's
create two holes (M), however, in R_,A,MnOj; the di- powder diffraction profile-fitting techniqd®was employed
valent ion substitution for La create a single hole. So thelo refine the crystal structure. The thermo-magnetic property
alkaline metal doping in LaMn9manganite saves doping Was measured by a superconducting quantum interference
ion content and easily achieve a high percentage of'™Mn device magnetometer from 1.5 to 400 K with an applied field
with the same doping level of divalent ion. However, someof 50 G. The temperature dependence of magnetoresistance
authors report special electronic transport propetiye., the  was measured by means of a standard four-probe resistance-
existence of two transitions or resistivity shoulder in the temtemperature method at zero field, 1 T, and 5 T, respectively.
perature dependence of resistivity measurements. This phe- The XRD patterns of the calcined samples reveal that the
nomenon was first regarded as being due to phase inhomgryctural transitions exist in the bgs yNdKooMnO;.
geneity triggered by evaporation of K and Na at highgq the first two samples witk=0, and 0.1, the compound
temperature. But the second transition or resistivity shouldelr]‘,:ls a rhombohedral structure with a space grouR-&c,

could not be removed even after using different synthesi%nd Z=6. A tetragonal-rhombohedral transition occurs

techniques such thin films or by changing sintering condl-in the sample withx=0.2. The corresponding lattice

parameters are a=3.890(6) A and c=3.941(4) A.

dCurrent addre_ss: Divis_i“0n of Functiona_ll Material, Central Iron and SteelLaO 96—dexK0 0aMnO; compounds withx=0.3 and 0.4 as
Research Institute, Beijing 100081, China. |.| N : MnO- h horh bi

YAuthor to whom correspondence should be addressed; electronic maine as N odKooMnO; have an ort F)I’ ombic structure
nali@physics.siu.edu with space group oPbnm andZ=4. Figure 1 shows the
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FIG. 1. The XRD patterns of lgye- xNdKoMnNO;3. & 0.5 I
0.0
x=07/

XRD patterns. After the sintering process, the tetragonal

phase decomposes to the rhombohedral and orthor- 0 50 100 150 200 250 300

hombic phase. According to the chemical composition Temperature ( K )
analysis, the exact structural formulas have been
calculated and they correspond to o0lsaK 0 03MNO3 027, FIG. 3. Temperature dependence of resistivity of dsa,Nd,Kq cMNO3.

Lag 77gNdp . 008K0.03IMINO5 904, LBg 674Ndg 10K 0.03MNO; 870,

Lag 58dNdo 28dK0.03IMINO2 890, L80.491Np 3780.03MNO2 gg0 ) . _ _
for the compounds from=0 to 0.4. rhombic phase exhibits a low temperature insulating state

The La g5 xNdKo 0MNO; compounds exhibit a mag- and a very weak ferromagnetic metallic state. The ferromag-
netic inhomogeneity behavior as shown in Fig. 2. Nd dopingnetic metallic state melts with increasing Nd content. The
weakens the ferromagnetic order and induces a low temperéesistivity behavior in the Lggs«NdKg 04MNO3; compound
ture antiferromagnetic phase, which is perhaps a spin glassight be explained as Nd induced phase separation between
phase. When La is totally substituted by Nde., in  ferromagnetic metalli¢FM) state and the antiferromagnetic
Ndg oK o.0MNO3), only an antiferromagnetic order is ob- insulating(AFI) state at low temperature. Therefore, Nd dop-
served withTy=76 K as shown in inset plot in Fig. 2. The ing weakens the magnetic order and MI transition intensity;
magnetic phase relation implies that the magnetic inhomoget results in the ferromagnetic spin alignment disorder; and
neity derives from the mixture between La-rich ferromag-increases the opportunity of spin-electron scattering that
netic phase and Nd-rich low temperature antiferromagneti¢eads to the decrease of the FM phase in the compounds. It
phase. The resistivity also exhibits an imhomogeneity behavalso induces a low temperature insulating state and enhances
ior as shown in Fig. 3. The rhombohedral phase shows the resistivity significantly by increasing the AFI phase.
metal—insulatofMI) transition near ferromagnetic transition When La is totally substituted by Nd, there is only the AFI
temperature, although the MI transition peak intensity isphase, so the Ndg&p 04MNO; compound is the only com-
weakened and widens with increasing Nd content. The orthopound exhibiting insulating behavior. The low temperature

insulating state induced by Nd doping might be related to
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FIG. 2. The temperature dependence of magnetization of

Lag g6-xNdyK g 0MNO3; compound in an applied field of 50 G. The inset plot FIG. 4. The MR vs temperature measured at the applied field ofa} and
gives measurement results for NgKg 0MnO3. 5T (b).
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TABLE |. The refined structural parameters, the Mn@istortion (Mn—O bond lengths and M-O—-Mn bond agles, and tolerance factors of
Lag g6-xN0K g 0MNO3 compoundsR,, R,,, andS are the residual factor, the weighted residual factor, and the goodness-of-fit factor, respectively.

Nd content ) 0 0.1 0.2 0.3 0.4

S.G. R-3c R-3c Pbnm Pbnm Pbnm

a A 5.5364) 5.5267) 5.5283) 5.5084) 5.5075)

b (A) 5.4884) 5.4855) 5.48Q1)

c (A) 13.3761) 13.3643) 7.7661) 7.7588) 7.7499)

(Mn-0) (A) 1.968 1.961 1.969 1.972 1.968
Mn—O-Mn 164.0(3Y 165.6(8Y 161.2(3Y 162.3(3Y 161.6(07
Tolerance factors 0.896 0.908 0.891 0.885 0.888

R, 8.1% 10.3% 8.5% 9.1% 9.4%
Rup 11.2% 10.6% 11.6% 11.8% 11.9%

S 1.6 1.7 1.5 1.6 1.6

Nd 4f electrons. According to Hwang's repditthe ferro-  fect, which is inherent to the high spirs€2) Mn®* with
magnetic order was significantly weakened by substitution otiouble degeneracy @, orbital. And the other one comes
Pr for La. The resistivity enhances quickly when La wasfrom the connection pattern of the Mg@ctahedron in the
totally substituted by Pr, where the compound showed amervoskite structure. In this case, the Mn®ctahedron
insulating behaviot: This experimental result was inter- shows alternative bulking. Such a lattice distortion of the
preted by size effect at the La site. However, if theelec-  pervoskite is governed by a tolerance factor. In this article,
trons are taken into account, one can find a relationship bahe JT effect has been investigated by studying the MnO
tween the 4 electron and the electronic transport. In the octahedron distortion, which includes the Mn—-O bond
alkaline metal doped LaMn{perovskites, since there is no |engths and M—O—-Mnbond angles. The tolerance factors
4f electron in La ion, there is no second magnetic transitioralso have been calculated based on the structural refinement.
at low temperature. However, the number of tHeeflectrons  The calculated results about the nearest Mn—O bond lengths
in the Nd cation is 3, and there could be a weak effect of thexnd Mn—O—Mnbond angles and tolerance factors have been
crystal field interaction between Nd £lectrons and Mn8@  |isted in Table I. The distortion of MnQoctahedron shows
electrons at low temperature, i.e., the Ruderman—Kittel-that Nd doping tends to bend the averaga-ND—Mn bond
Kasuya-YosiddRKKY) effect. Since the RKKY interaction angle from 164.14° to 161.60° in its spacing orientation.
usually works at low temperature, if a long distance RKKY Such a distortion will affect the electron hopping and there-
ordering is formed in the Lgys «NdKg 0aMNO; compound  fore affects the resistivity.
at low temperature, thed3-4f spin coupling will have the In conclusion, Nd doping results in a rhombo-
contribution to spin-electron scattering. We have measurefledral-orthorhombic  structural  transition in  the
the thermomagnetic property of & Nd,KgoMNOz at 5 Lag o6 (NdK0MNO; compound, and also induces mag-
T. The low temperature magnetic transition, most likely in-netic and resistivity inhomogeneity. Nd doping weakens the
duced by a weak @-4f interaction, disappeared due to ferromagnetic order and induces a low temperature magnetic
strong applied magnetic field. The study on transport proptransition. The resistivity exhibits Ml transition and the insu-
erty of (La,Gd)-AqaMnO3(A=Sr,Ca) supports our lating state near ferromagnetic transition temperature and
results!>'3A special resistivity behavior in Y& _,MnO;  low temperature magnetic transition temperatures, respec-
compound also seems to be related to a low temperaturgely. The Nd doping results in the formation of the second
RKKY effect in our recent stud$/ MR peak at low temperature. This special electronic trans-

Nd doping induced double peak phenomenon also apport property might be interpreted by the close coupling
pears in the temperature dependent magnetoresistance ragifmong lattice, electronic, and magnetic degrees of freedom,
(MR) as shown in Fig. 4. One MR peak denoted by FM—MRthat has generally shown electronic phase separation between
occurs near ferromagnetic metallic transition temperaturegifferent magnetoelectronic states at low temperature.
and the other one denoted by I-MR occurs near the insulat-
ing state temperature. With increasing Nd content, the,S: Jinet al, Science264 413(1994.

. o G. C. Xionget al, Appl. Phys. Lett.66, 1427(1995.

FM-MR peak intensity is weakened and broadened, al-s," ; viis, Nature(London 392 147 (1998.
though the I-MR peak intensity enhances. This phenomenona. Moreo, S. Yunoki, and E. Dagotto, Scien283 2034 (1999.
might be due to weakening of ferromagnetic metallic transi- °M. Imuraet al, Mater. Trans., JIVB7, 1219(1996.
5W. Zhonget al,, Eur. Phys. J. B, 169(1999.

tion by Nd substitution that also increases the low tempera—7C. C. Chen and A. de Lozanne, Appl. Phys. Lat, 1424(1997).

ture anFife_rromagnetic insu_lating stgte. _ 8X. L. Wanget al, Appl. Phys. Lett83, 7177(1998.
Stoichiometric perovskite ABQis cubic, but, most of  9G. H. Raoet al, J. Phys.: Condens. Mattéd, 1523 (1999.

divalent cation doped RMn{compounds crystallize the dis- i’H M. Rietveld, J. Appl. Crystallog2, 65 (1969.

torted orthorhombic, rhombic, or tetragonal structure. One," Y- Hwanget al, Phys. Rev. Lett75, 914 (1995
. . . . . . J. R. Sunet al, Appl. Phys. Lett.71, 3718(1997.

possible reason for the lattice distortion is the deformation ofs; r sun, G. H. Rao, and Y. Z. Zhang, Appl. Phys. LE2. 3208(1998.

the MnQ; octahedron arising from the Jahn—Telld) ef-  *Y. Q. Guoet al, J. Appl. Phys91, 7394(2002.
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