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DYNAMICS OF La2=3Ca1=3MnO3 DOPED WITH 57Fe�J. �ukrowski, J. Przewo¹nik, E. Japa, K. KropDepartment of Solid State Physi
s, Fa
ulty of Physi
s and Nu
lear Te
hniquesUniversity of Mining and Metallurgy, Kraków, PolandK. Kellner, and G. GritznerInstitut für Chemis
he Te
hnologie Anorganis
her Sto�eJohannes Kepler Universität, Linz, Austria(Re
eived July 10, 2002)The latti
e dynami
s of the La2=3Ca1=3Mn1�xFexO3 system was stud-ied with Mössbauer Spe
tros
opy in the temperature interval from 4 K toRT. Relative Lamb�Mössbauer fa
tor vs T was determined for x = 0:01,0:03 and 0:05. The � ln(f=f0) i.e. the mean square-displa
ement of theMössbauer atom from its equilibrium latti
e position shows anomalous be-haviour in the vi
inity of TC or metal�insulator transition temperatureTM�I. In the Debye approximation the � ln(f=f0) results give higher De-bye temperatures �D for the paramagneti
-insulating phase (PI) than forthe ferromagneti
-metalli
 (FM) phase.PACS numbers: 75.30.�m, 75.30.Cr, 75.50.Gg, 75.50.�yThe physi
al properties of the 
olossal magnetoresistive (CMR) per-ovskite La1�xCaxMnO3 (LCMO) are still a hot topi
 in many laboratories.The La2=3Ca1=3MnO3 has the highest Curie temperature (TC � 289 K) [1℄,whi
h means that the double ex
hange (DE) with high mobility of ele
tronsbetween Mn3+ (t32ge1g) and Mn4+ (t32ge0g) is the dominant pro
ess leading toa ferromagneti
 order and to metali
ity below TC. Above TC this 
ompoundis the 
harge-transfer insulator [2℄. Fe-doping into Mn sublatti
e repla
es ex-
lusively Mn3+ by Fe3+ what suppresses DE by redu
tion of the Mn3+/Mn4+ratio. As a result magnetisation, TC and metal�insulator transition tem-perature TM�I de
rease but magnetoresistan
e dramati
ally in
reases within
reasing Fe-doping.� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1521)



1522 J. �ukrowski et al.Latti
e dynami
s of LCMO was studied with elasti
 neutron di�ra
-tion [3℄ showing anomalous behaviour of the O and Mn Debye�Waller fa
-tors at TC. Also the EXAFS studies [6,7℄ show an anomalous in
rease of theDebye�Waller fa
tor (�2[Mn�O℄) when approa
hing TC for x = 0:33. Re-
ently, inelasti
 neutron s
attering studies [5℄ revealed anomalous dumpingof the Jahn�Teller (JT) stret
hing mode when approa
hing TC from the FMside. Most probably, this e�e
t is due to the appearan
e of (short range)dynami
 JT distortions in the FM state in the vi
inity of TC.The aim of our studies is to determine how the relative Lamb�Mössbauerfa
tor 
hanges with temperature, espe
ially when 
rossing from the FM toPI state. At in
reasing substitution level we expe
t also systemati
 
hangesof the latti
e dynami
s of Mn due to a strong Fe doping e�e
t.Measurements were done on La2=3Ca1=3Mn1�x57FexO3 samples with x =1; 3; 5 at. % 57Fe prepared by a wet sol-gel te
hnique and des
ribed elsewhere[8℄. Another set of samples with x = 1 and 3 at. % Fe for XRD studies wasprepared by the same method. The oxygen ste
hiometry was 
ontrolledby thermogravimetry and was very 
lose to 3 [9℄. Temperature dependentXRD measurements in the temperature range 4�300 K were performed ona Siemens D5000 di�ra
tometer equipped with an Oxford 
ontinuous �ow
ryostat. Mössbauer spe
tra were measured in transmission geometry with a
onstant a

eleration spe
trometer and a 57Co/Rh sour
e. The temperatureof the absorber was stabilised in a 
ontinuous �ow 
ryostat or a 
ryodynerefrigeration system with an a

ura
y better than �0:1 K.The temperature evolution of sele
ted Mössbauer spe
tra measured be-tween 4.2 K and RT for La2=3Ca1=3Mn0:9957Fe0:01O3 sample is shown inFig. 1. At 4.2 K they display a normal six-line spe
trum for the ferro-magneti
 state. As temperature in
reases a line broadening appears whi
hin
reases gradually with temperature until the spe
trum 
ollapses to a para-magneti
 single line. To obtain magneti
 ordering temperatures TCM thespe
tra at high temperatures were �tted with a single line. Rapid in
reaseof the �tted FWHM of the line below 
ertain temperature 
learly indi
atesthe onset of a ferromagneti
 order in the sample. TCM were de�ned as in-terse
tion points between straight lines �tted to FWHM points belonging toparamagneti
 and magneti
ally ordered regions.To obtain the temperature dependen
e of Lamb�Mössbauer fa
tor f thespe
tra were �tted by an arbitrary number of 
omponents with the mainpurpose to reprodu
e in the best possible a

ura
y the shape of the spe
tra.To take into a

ount the absorber e�e
tive thi
kness the �tting programbased on transmission integral was used. For a given spe
trum the param-eter � ln(f=f0) was 
al
ulated, where f0 denotes f at the lowest tempera-ture measured. It represents the mean square displa
ement (msd) di�eren
ehu2i � hu20i, where hu20i stands for msd of 57Fe atom 
orresponding to f0
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9HORFLW\�>PP�V@Fig. 1. Temperature variation of La0:67Ca0:33Mn0:9957Fe0:01O3 Mössbauer spe
tra.(the lowest temperature measured, whi
h was 4.2 K for 3 and 5 at. % 57Feand 12 K for 1 at. % 57Fe).We believe that Mn ions undergo the same (or very similar) msd atthe same sample temperature. The temperature variation of � ln(f=f0) ispresented in Fig. 2. It 
an be seen that the � ln(f=f0) vs T in the FM statedi�ers from the dependen
e in the PI state. In the Debye approximationthe f fa
tor is des
ribed by the formula:f = 8>><>>:�6E0k�D 266414 +� T�D�2 �DTZ0 x dx(ex � 1)37759>>=>>; ;where E0 is the resonan
e energy and �D is the Debye temperature. Fittingthis formula to the experimental points for the FM and PI states separatelyone obtains �D values for these two states. The �tted 
urves (
ontinuouslines) together with 
orresponding �D values for the FM and PI states are



1524 J. �ukrowski et al.presented in Fig. 2. It 
an be seen that the FM state has a lower Debyetemperature then the PI state. It is also evident that with in
reasing Fe
on
entration �D in
reases for PI state. In addition, for the x = 1 at. % 57Fe,the 
ommon �D = 360 K was obtained by �tting the above formula (dashedline in Fig. 2) to all experimental points. The verti
al lines denote TC andTM�I obtained from magnetisation and resistivity measurements [8℄ and TCMobtained from Mössbauer Spe
tros
opy. It should also be noted that TCM isvery 
lose to TM�I whereas (TC�TM�I) in
reases with in
reasing substitutionlevel.
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Fig. 2. Temperature variation of the � ln(f=f0) for La0:67Ca0:33Mn1�x57FexO3with x = 0:01, 0:03 and 0:05.For LCMFO samples with x = 0:01 and 0:03 the latti
e parameters a,b, 
 vs temperature were pre
isely measured and the unit-
ell volume V
al
ulated (Fig. 3). The b, 
 and V show 
lear anomalies at TM�I for thex = 0:01 sample but mu
h smaller ones for the x = 0:03 sample. From theseresults the volume expansion 
oe�
ients � (� = �V�T 1V ) were 
al
ulated. The� vs temperature for x = 0:01 has a sharp maximum at TM�I whi
h is verybroad and weak for x = 0:03.
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Fig. 3. Latti
e parameters and unit-
ell volume vs temperature forLa0:67Ca0:33Mn1�xFexO3 with x = 0:01 and 0:03.Our X-ray di�ra
tion results for x = 0:01 and 0.03 samples show thatiron doping has strong and negative in�uen
e on the sharpness of the M�Itransition. A di�erent and unexpe
ted e�e
t was found in � ln(f=f0) vs Tdependen
e (Fig. 2) and 
ould be 
orrelated with in
reasing absorber e�e
-tive thi
kness and/or its opti
al inhomogeneity with in
reasing 57Fe 
on
en-tration. This possibility has to be ex
luded by additional experiment on aspe
ially prepared sample with high iron 
on
entration but low 
on
entra-tion of the 57Fe isotope (thin absorber limit).Finally, the � ln(f=f0) vs T dependen
e for x = 0:01, whi
h is related tohu2i vs T dependen
e and yields information how strongly the Mössbauerprobe is bounded to the Mn�O�Mn latti
e, does not show any eviden
e of anabnormal in
rease at TM�I and therefore does not reveal any softening of thisbond. One 
an understand this important and rather surprising result bystressing the di�eren
e in the meaning of Mössbauer hu2i whi
h is probingthe dynami
s (strengths of bonding) of the Mn sublatti
e and hu2i fromX-ray/neutron di�ra
tion or EXAFS measurements whi
h are additionally



1526 J. �ukrowski et al.sensitive to a stati
 disorder. In summary no 
lear anomaly in the dynami
sof the Mn sublatti
e was found by 57Fe Mössbauer probe at TM�I whi
hmeans that instead of dynami
 rather stati
 e�e
ts (in the time window ofMössbauer Spe
tros
opy) are responsible for the anomalous in
rease of Mnor O Debye�Waller fa
tors seen by other methods.This work was supported by the State Committee for S
ienti�
 Re-sear
h (KBN) proje
t no. 2 P03B 042 18 and by Austrian�Polish 
ooperation(proje
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