JOURNAL OF APPLIED PHYSICS VOLUME 92, NUMBER 9 1 NOVEMBER 2002

Insulator—metal transition and magnetoresistance of La 0.5CagsMn0O,,
induced by tuning the oxygen content
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The oxygen content of LaCa, sMnO, was tuned by annealing the samples at high temperatures in
flowing nitrogen with graphite powder nearby. The reduction of oxygen content has dramatic effect
on the electrical transport and magnetic properties. The samplesywith983, 2.83, and 2.803

show an insulator—metal transition, and an unusual temperature and magnetic-field dependence of
the magnetoresistance. The paramagnetic-ferromagnetic transition also shifts to lower temperatures
and the antiferromagnetic transition at lower temperature is suppressed. The results are discussed in
terms of the effect of oxygen vacancies on the various properties @fdagsMnO,. © 2002
American Institute of Physics[DOI: 10.1063/1.1509108

I. INTRODUCTION magnetic-field dependence of the magnetoresistance for

Manganese perovskites, LA MnO;, where L and A teroriZ(i:t%ﬁMnOy samples which show the insulator—metal

are trivalent lanthanide and divalent alkaline earth ions, have . . .
. . . . In this article, we report a systematic study of the elec-
attracted much interest because of their peculiar electnca{I.

transport and magnetic propertiesspecially the property of fica | transport ‘de magnetic propert_l_es Ofo-b@a"-wnoy
. S L which show an insulator—metal transition, which occurs for
colossal magnetoresistan€EMR) which is promising for

. e . samples withy=2.983, 2.83, and 2.803. We have also stud-
magnetic applications. In these compounds the spin, chargé o

: . : 18d the temperature and magnetic field dependence of the
and lattice are strongly coupled, leading to various propert

conditions in the phase diagram of LA,MnO,.2 It has ¥nagnetore3|stano(a/lR) for these samples, and have found

been shown that the ground state of L ZCaMnO, changes t.hat the behavior is quite dlﬁgrent from those of polycrystal-

. . . line CMR samples. Decreasing oxygen content also makes
from ferromagnetio=M) to charge ordering antiferromag- the paramagnetic-ferromagnetic transition shift to lower tem-
netic (AFM) insulator when Ca doping increases above®0.5. P 9 9

The phase boundary compoundyk@a, MnO; is therefore peratures, and suppresses_the AFM _transition at lower tem-
of great scientific interest and focus of significant recent re—p erature. The results are discussed in terms of the effect of

search due to its unique status in the phase diagrafn. ©*Y9€n vacancies on the properties 0b 432 sMnO, .

Upon lowering the temperature, this compound first under-

goes a paramagneti®®M) to FM phase transition aT, Il. EXPERIMENT

~225K, and then to a charge ordering AFM phaseT gt

~155 K.2* The electrical transport and magnetic proper-  The La sCa sMnO; samples were prepared by the stan-

ties can be changed dramatically by the magnetic fel, dard solid state reaction method using high purity,@a,
x-ray irradiationt’” and Mn site doping with 1% C£°In  CaCGQ, and MnG powders with appropriate atomic ratio.
our previous work® it was shown that the oxygen content The mixed powder was ground and calcined at 1050 and
has dramatic effect on the electrical transport and magneti¢200 °C several times. The calcined powders were then
properties of LgsCasMnO, and that the sample wity  pressed into pellets and sintered at 1300 °€ &oh in air
=2.83 shows an insulator—metal transition, with suppressiofollowed by slow cooling. In order to reduce the oxygen
of the AFM transition. It is of interest to explore whether the content of the samples, we annealed the samples at high
insulator—metal transition also occurs for samples with othetemperatures for 10 h in flowing Nwith graphite powder
values of oxygen content, and to study the temperature anglaced near the samples. The oxygen contents of the samples

were measured by the titration method, and the oxygen con-

dAlso at School of Materials Science and Engineering, Tsinghua University,ter_]t was found to be_reproduuble WItfuitF).OOS per formula
Beijing 100084, People’s Republic of China; electronic mail: UNit. We synthesized and examined several such
ygzhao@tsinghua.edu.cn Lag sCa sMnO, samples with different oxygen contents. We
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FIG. 1. X-ray diffraction patterns of the as-prepared e, sMnO, sample L2 sC MNO, -

and samples annealed at different temperatures.

(T,_m) was defined by the peak value of the resistivity. Table
| shows the values of_y and resistivity at room tempera-
Gure. It can be seen that the room temperature resistivity in-

The phase analvsis of all the samples was erforme@reases with the decrease of the oxygen content. The resis-
b y b P lvity of sample withy=2.992 shows a shoulder at 170 K

E;é?gtignRgslguelgért?i);FieBSg{i% d&g;icsﬁ;ifr;g'éh gﬁg fou pue to the reduction of the oxygen content. This may indicate
' Y y that the phase, which showsM transition, nucleates in the

p_robe method. A superconducting quantum interference de; atrix of the original phase, and coexists with the matrix.
vice magnetometer was used to measure the temperature dl‘én

pendence of magnetization with the magnetic field parallel tg. N §ample withy =2.830 ha§ the highesf;_ , so its re-
the sample surface. The MR was measured from room temS|st|V|ty at low temperatures is smaller than that of both the

: S y=2.983 andy=2.803 samples.
_preraturecb 4 K with the magnetic field in the range of 0-1.2 In Fig. 4 is shown the temperature dependence of the

magnetization for LgsCasMnO, samples with different
oxygen contents. The behavior of the as-prepared sample is
Ill. RESULTS AND DISCUSSION consistent with that reported in the literatdfanith the de-
crease of the oxygen content, the paramagnetic-

FlgudreLl éhows tge x-rayldlffragtlt%n patterlns of the ?S(;ferromagnetic temperaturd {) shifts to lower temperatures
prepared LgsCa sMnOy sample, and the samples anneale and the transition from ferromagnetic to antiferromagnetic

at different temperatures. The x-ray diffraction pattern of the(TN), indicated by the drop of magnetization, is also sup-

S?ém:reesd asr;r:r?ilsdir?;lgz:insg?ha? |I1?) SS'IPL:ISL:Z ::T]E;tnogtgicﬁ'ressed. We defing; as the midpoint of the transition from
prep P, g ge oc aramagnetic to ferromagnetic state, didas the midpoint
although the oxygen content of the annealed samples is re-

duced kab| h bel H th dif f the transition from ferromagnetic to the antiferromagnetic
uced remarkably as SNown pelow. TIOWever, the x-ray Gigyie - Taple | shows the values of, and Ty for

fraction pattern of the 900 °C annealed sample shows dr 'ao_5CaO,5MnOy with different oxygen contents. For the

matic change as compared to that of the as-prepared SaMpPE, 983 sample, it seems that there are two transitions at 230

iuggestlr:\ij (t)hat a Strlécgre tch?r?ge or dZCOTpOS't]!Ot?] 0a(nd 159 K. This two-transition behavior reflects the exis-
20.5C3 MO, occurred due to the over-reduction of the nce of the mixed phases in samples with small reduction of

t
oxygen conttint. The oxygen conteonts for the as-prepare@e oxygen content, as also seen from the resistivity data for
sample, 825°C annealed and 890 °C annealed samples e

3.013, 2.983, and 2.803, respectively. For 900 °C annealed ey=2.992 sample. The behavior of the 900°C annealed
sample, the determination of the oxygen content is a problem

note that for the as-prepared sample without oxygen redu
tion, the oxygen content was found to pe 3.013.

due to the possible decomposition, so we denote the oxygen ool " y T a— ; -
content of this sample 38<2.083. Figure 2 shows the varia- [ y=2803 230 2.830,
tion of the lattice parameters with oxygen content for 800} S 151 22%
Lag sCa sMnO, . It can be seen that the lattice parameters do a of 553

. . —~ 600+ R |
not show monotonic change with oxygen content. o £ 5100300300

Figure 3 shows the temperature dependence of resistivity S 400l T
for the La sCa sMnO, samples with different oxygen con- o
tents. The curve of the as-prepared sample is similar to that 200} 4
reported in the literatur® which indicates that the sintering
S ; of

temperature or the grain size influences both the electrical

transport and magnetic properties ofgl@8a, MnO;. The 0 50 100 150 200 250 300 350
insulator—metal transition occurs for the=2.983, 2.830, T®)

and 2.803 samples, with the transition temperature aroungig. 3. Temperature dependence of resistivity fop 4Ga, MnO, samples
131, 175, and 120 K, respectively. The transition temperatureith different oxygen contents.
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TABLE I. The insulator—metal transition temperatuiig (), paramagnetic
to ferromagnetic transition temperatufg.}, ferromagnetic to antiferromag- e, —e—45K
netic transition temperatureT(), and the resistivity at 285 K for i Strre, —A— 40K
Lag sCay sMnO, samples with different oxygen contertts. 1?&1;(
oo —@— 130K
y Tim (K) Te (K) Tn (K) p(285 K) (2 cm) . —— 160K
%o —k— 260K
3.013 231 175 0.025 045| Y=2803 See,
2.992 231 175 0.775 0" 4000 8000 12000 16000
2.983 131 230, 159 2.763 u H (Gauss)
2.830 175 178 3.257 1.02
2.803 120 178 7.180 g R
0.961% —=— 100K
> 0.90 o 160K
. . 5‘ —— 190K
sample (denoted asy<2.083) is different from other 0.84 g 8 —+— 220K
samples, and may be complicated due to the structure change o078l y=2. igy >0
and/or multiphase nature. It should be noted that below the 02000 8000 12000 16500
paramagnetic to ferromagnetic transition temperature, the 1 H (Gauss)
magnetization for they=2.983, 2.830, and 2.803 samples —8—45K
shows small decrease with the decrease of temperature. This ﬁggi
behavior is different from that of pure ferromagnetic materi- —4— 100K
als and may be related to the existence of the antiferromag- Dy
netic phase. A —— 190k
Figure 5 shows the MR data for b.gCa sMnO, samples S:ZSE
which show the insulator—metal transition. The sample with ' 02000 8000 12000 16000
y=12.983 shows MR below 260 K, and a maximum negative HH (Gauss)

MR of ~38% is reached at 160 K in a magnetic field of _ _

12000 G. The field dependence of MR changes distinctlyﬁl ';'Iaf;'r_m?;‘itr‘;ﬁ;'tfgince for 82 MnO, samples showing the

across 160 K, indicating a crossover. The temperature depen- '

dence of MR at moderate fields is nonmonotonic. The

sample withy=2.830 shows MR below 300 K and maxi- ratio, driving the system into the CMR region since

mum negative MR of~22% is reached at 130 K in a mag- La, :Ca, sMnO; is a phase boundary compound, and causing

netic field of 12000 G. Once again, a crossover is seen an increase of the room temperature resistivity. It has been

about the same temperature of 160 K in the field dependencehown that the room temperature resistivity —of

and a nonmonotonicity in temperature dependence at modera, ,CaMnO; decreases withx.! Another effect is intro-

ate fields. For the sample with=2.803, the MR increases ducing oxygen vacancies in the Mn—O network, which is

nearly linearly with magnetic field above 80 K, but showsimportant for electrical conduction, resulting in the local dis-

nonlinearity below 80 K. A negative MR 0#55% is reached  tortions in the structure. This structural distortion is also ex-

at 4.5 K in a magnetic field of 12000 G. The MR depen-pected to increase the resistivity. These two effects lead to

dence on temperature for this case is monotonic at all fieldghe increase of resistivity of the samples and entrance into

examined. the CMR region. Oxygen vacancies in the structure could

Oxygen content reduction in bgCa sMnO, is expected also change the magnetic interactions, thus affecting the

to cause two effects. One is the decrease in thé'¥NMn®"  magnetic properties of the samples. The results imply that
oxygen vacancies suppress the CO—AFM state. It should be
mentioned that for sample witly=2.983, the ratio of

8 ' ' ' ' T Mn3*/(Mn** +Mn®") is close to 54%, comparable to that

—_ - vV y=3.013{ of Lag 5,Ca 4gVINO3. From the known bulk phase diagram
%D 6k &Rgii? 0, % W, 4 y=2997] of La;_,CaMnO;,?> such a system should show an
= S evesest pntnn, © 2 Yfi?ié‘_ insulator—metal transition as well as a paramagnetic to fer-
= al 0¥ s * o y; 2'803_ ror_na_gnetic transition around the same temperature of 240 K.
2 ;/3‘ ‘e m §<2:8()3 This is clearly not observed to be the case in yhe2983 _
8 $$$§;ﬁ$$ 2) A sample. In this case, although the magnetic transition is still
5 2t . . DGR 4 . close to 240 K, the insulator—metal transition is~at35 K.
5 - " *e s ] For they=2.83 sample, the ratio of Mri/(Mn** +Mn3")
§ OF  He2000e "a. _': $e3a edsse is close to 84%, comparable to that of glggCa 1gMNO3,

- . which is a ferromagnetic insulator. This again is in clear

50 1(')0 130 2(')0 ' 25'0 ' 300 contrast to the observed electrical transport and magnetic
T (K properties of LgsCa MO, g3, Which shows an insulator—
(K) metal transition and a paramagnetic to ferromagnetic transi-

FIG. 4. Temperature dependence of magnetization fog<CasMnO, tion around 175 K. ThiS implies that besides the
samples with different oxygen contents. Mn3*/(Mn** +Mn3") ratio, other factors, such as the
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electron-phonon interaction and spin interaction also play & observed. The paramagnetic-ferromagnetic transition also
role in determining the various properties of shifts to lower temperatures and the AFM transition at lower
Lag sCa sMnOy . It should be mentioned that the resistivity temperature is suppressed due to oxygen content reduction.
and magnetization of our samples do not follow the correla-The results are discussed in terms of the effect of oxygen
tion between resistivity and magnetization shown by Hundvacancies on the various properties of, k@a, sMnO, . This
ley et al. on La Ca MnO; thin films, in thatp(H,T) is  work shows that the properties of §&a sMnO, can be
proportional to exp-M(H,T)/M,],?* where p(H,T) and changed remarkably by tuning the oxygen content.
M(H,T) are resistivity and magnetization, respectively.
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