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Argon annealing of the oxygen-isotope-exchanged manganite §gCa; ,MNO 3,
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We have resolved a controversial issue concerning the oxygen-isotope shift of the ferromagnetic transition
temperatureT¢ in the manganite LgCa  MnO;,,. We show that the giant oxygen-isotope shift f
observed in the normal oxygen-isotope exchanged samples is indeed intrinsic, while a much smaller shift
observed in the argon annealed samples is an artifact. The argon annealing cad&@sstiraple to partially
exchange back to th&0 isotope due to a smalfO, contamination in the Ar gas. Such a contamination is
commonly caused by the oxygen outgas that is trapped in the tubes, connectors, and valves. The present results
thus umambiguously demonstrate that the observed large oxygen isotope effect is an intrinsic property of
manganites, and places an important constraint on the basic physics of these materials.

An intensive research effdrhas recently been made to 1000°C for 20 h, 1100°C for 20 h with one intermediate
study the manganese-based perovskites, ,A,MnO;  grinding. The powder samples were then pressed into pellets
(whereLn is a trivalent elementA is a divalent elemendue  and sintered at 1260 °C for 72 h, and 1160 °C for 72 h with
to the discovery of very largé“colossal”) magnetoresis- one intermediate grinding. Two pieces were cut from the
tance(CMR) in thin films of these compounds’ The phys-  same pellet for oxygen-isotope diffusion. The diffusion was
ics of manganites has primarily been described by the doublearried out for 50 h at 1000 °C and oxygen pressure of 1 bar.
exchange modéi® Recent calculatiofis® show that a strong  The oxygen-isotope enrichment was determined from the
electron-phonon interaction must be involved to explain th&Neight changes of both®O and 0O samples. The'®0
basic physics of these materials. Many recent experiment§amp|es had-90% 80 and~ 10% 0.
have provided Compelling evidence for the existence of a ThermogravimetrxTG) experiments were performed us-
strong eIectron-phononﬂinteraction and of polaronic chargéng PERKIN ELMER TGA?7 Instrument. The investigated
carriers in manganites. _ _ _ samples were heated in a stream (50%enin) of very pure

In particular, the observed giant oxygen isotope shift ofa, (99.998%). The weights of thé®0 and *¥O samples
the Curie temperatu}%should prOVide direct evidence that used for TG experiments were 71.833 and 46.145 mg, re-
lattice vibrations play an important role in the magneticspectively. Before each experiment, the balatwéh the
properties of these materials. However, Na@éehas re-  sample insidewas flushed with the pure Ar at room tem-
cently shown that the observed giant oxygen-isotope effectgerature for at least 40 h.
in manganite¥ are not caused by a strong electron-phonon Figure 1 shows the TG data for botfO and *0 samples
coupling, but rather by an oxygen-mass dependence of et | a, (Ca, ,MnO;. The weight was renormalized to that at

cess oxygen. In addition, Francktal, demonstrated 500°C to eliminate the error due to adsorption of water and
that® the oxygen-isotope shift was reduced by more than

10 K after the oxygen-isotope-exchanged samples of

100 1200

Lag ¢Ca MnO;,, were annealed for 24 h in argon and at
950 °C. They thus argued that the giant isotope <Bift K) 1000
reported in Ref. 10 is not intrinsic, but caused by the pres- ® 9 800
ence of excess oxygen in the samples. g -
In order to resolve the controversy concerning the isotope > 98 600 " S
effect in the manganites, we perform thermogravime€iig) 2 400
experiments on the oxygen-isotope-exchanged samples of 97
Lag §Cay ;MnOs, which were carried out in flowing argon gas . 200
and at 950°C. The experiments demonstrate that'fae el v 0
sample was partially exchanged back to tH® isotope 0 450 900 1350 1800
when it was annealed in flowing argon gas and at 950°C. Time (min.)

This is due to the fact that the oxygen outgas trapped in the FIG. 1. Thermogravimetry(TG) data for both %0 and %0
tubes, connectors, and valves contaminates the argon gas % o

. . mples of LggCa ,MnO3. The short-dashed line and solid line are
though the Ar gas itself is very pure. The present experiz, y,q weights of thé®*0 and*®0 samplegleft scalg, respectively.

ments thus show that the oxygen-isotope effects observed Hyg |ong-dashed line is for the temperature profile of both isotope
the argon annealed samples are not reliable, and that th@mpies(right scal¢. The investigated samples were heated in a
normal isotope exchange procedure can ensure the same 0Xfream (50 crifmin) of pure Ar (99.998%). The weights of the
gen content for two isotope samples. 160 and %0 samples used for TG experiments were 71.833 and

Samples of LggCa ,MnO;, , were prepared by conven- 46.145 mg, respectively. Before each experiment, the balavitte
tional solid-state reaction using dried /&, MnO,, and the sample insidewas flushed with the pure Ar at room tempera-
CaCGQ. The well-ground mixture was heated in air at ture for at least 40 h.
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CGO, in the samples. From the figure, one can see that the c 1.2 1 Boforo araon anmeal
weights of both isotope samples start to decrease when the L4 9 e ]
temperature reaches 950 °C. However, there is a substantial E . . ; 130 ]
difference in the weight loss for the two isotope samples. 208} % . 0
After argon annealing at 950 °C for 150 min, the weight of §06 | ° * i
the %0 sample decreases by about 0.20% while the weight < © .

of the 0 is reduced by 1.60%. After argon annealing at Noal © . 1
950 °C for 24 h, the weight of thé®0O sample decreases by g 02 | ATe=-210@1K ° ° ]

0 i i 8 i S (o] L J

about 0.25% while the weight of thé®O is reduced by > o g ]

2.50%. The extra weight decrease for tf® sample is due
to the fact that the¥0 sample was partially exchanged back
to the %0 isotope because of th#O contamination in the
Ar gas. Such a contamination is commonly caused by the 1.2 - - -

0 "
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oxygen outgas that was trapped in the tubes, connectors, and § 1.0 ") After argon anneal 4

valves. Without heating these elements in the system, it is § - v

hard to get rid of the trapped outgas, and the contamination 2 08 . ; 180

is unavoidable. From the weight changes, we can estimate g o.e- o © ]

that the 80 content of the’®0 sample became about 40% 5 A p

after annealing for 150 min, and about 5% after annealing N 04f s .

for 24 . g ool S ]
In order to check the influence of the argon annealing on s %

the ferromagnetic transition temperaturg, we performed ) R ]

magnetization measurements for these samples. Field-cooled 170 180 190 200 210

magnetization was measured with a Quantum Designed su- Temperature (K)

per_conducting quantum interference device magnetometer in FIG. 2. Temperature dependence of the low-field magnetization
a field of 5 mT. The samples were cooled directly tq 5 Kifor the %0 and 80 samples of LgadCa,MnO; (a) before the
_then Warmed up to a temperature well beldw. After wait- argon annealing;b) after the argon annealing at 950 °C for 24 h. It
ing for 5 min at that temperature, data were collected UPOR ¢lear that before the argon annealing, the oxygen-isotope shift of

warming to a temperature well aboWe . In Fig. 2, we plot T s about 21 K, while the shift becomes very sm@about 1 K
the temperature dependence of the low-field magnetizatiogfter the annealing.

(normalized to the magnetization well beldv) for the %0
and 0 samples of LggCa, MNnO; (a) before the argon
annealingjb) after the argon annealing at 950 °C for 24 h. It
is clear that before the argon annealing, the oxygen-isotop,
shift of T¢ is about 21 K, while the shift becomes very small gen content of the 0 and %0 samples of

(about 1 K after the annealing. As shown above, tH© (L : .
. . . 39,2410 75 0.7C& sMNO; is less than 0.002 per cell, while
sample contains only about %0, so the isotope shift the isotope shift is larger than 100% Moreover, our nor-

should be about 1 K, as observed. The result clearly shows, _, oxygen-isotope-exchange procedure has been exten-

that a very small is_otope shift observed in the p_resgnt argoinely used for the isotope effect experiments in
annealed samples is due to a smA&D contamination in the cuprate§2‘24 Both indirect22® and direct* measurements

argon gas, which is sufficient to exchange t® back to on the oxygen content consistently show that the oxygen

the 10 isotope. - L
. ; » contents of two isotope samples are the same within 0.0003
It is also important to see how sensitively thg depends

on the argon annealing. In Fig. 3, we show the temperature

sample must be smaller by 0.35 per cell than 1@ sample
in order to produce the observed oxygen-isotope shift of 21
R. In fact, it was shown that the difference in the oxy-

dependence of the low-field magnetization for tH&O - 12 ' ' '
sample before and after 24 h argon annealing. The argon 2 LO'M ® 150 (before) |
annealing does not cause a decrease inTihef the %0 .fuf L 4 %0 (after)
sample. This is in contrast to the result shown in Ref. 19 % 08 | PN T
where the argon annealing leads to a decrea3g &y about g osf oa _
10 K. The discrepancy is possibly due to the fact that our -

present®0 sample is nearly stoichoimetric. From the TG 5 04r ‘. ]
data shown in Fig. 1, one can see that the oxygen content of g 02l . i
the 1%0 sample decreases by about 0.04 per unit cell after the g ' M

argon annealing. This implies that thg is very insensitive

to the oxygen content in the present sample where the oxy-
gen content is nearly stoichoimetric. The present result is
consistent with Ref. 20 where it was shown thatTieof the FIG. 3. Temperature dependence of the low-field magnetization
stoichoimetric sample of laCa MnO; is reduced by for the %0 sample of LggCay ,gMNO; before (solid circle and
abou 3 K when introducing about 0.05 oxygen vacancies pefafter (solid triangle argon annealing for 24 h. The argon annealing
cell. This would imply that the oxygen content of tH80  does not cause a significant change in Theof the 160 sample.
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per cell. Therefore the observed large oxygen-isotope shifeffects!®?® Thus we must conclude that the theoretical ex-
cannot be caused by a negligible difference in the oxygemlanation to the observed isotope effects by Naghisvnot
stoichiometries of the two isotope samples. correct.

Our present result, together with some isotope-effect re- In summary, our present TG experiments clearly demon-
sults from other groups, can strongly argue against the theirate that the argon annealing on the oxygen-isotope-
retical model proposed by NagafAccording to his model, €xchanged samples causes i® sample to partially ex-
the 160 sample always has more oxygen content than th€hange back to the'O isotope due to a smalf®O
180 sample if the samples are nonstoichoimetric. The mor&ontamination in the Ar gas. Such a contamination is com-
nonstoichoimetric the samples are, the more difference in thB10Nly caused by the oxygen outgas that is trapped in the
oxygen contents of two isotope samples, and thus the largd/P€S: connectors, and valves. The present result clearly
the isotope effect is. This is in contradiction with experiment.Zﬂﬁ‘évasletza;;rr:]eplz)éy?ne&'igiogs ii?r?r%icc:)bZﬁ:jv?r?altntrggen?)rr%);I
lr?gw;tglc\?(:ryleat:ge ??&%ig-g?ég?ﬁ'}fg?ﬁe c\?enr"l;)onuonnc{ isotope exchange procedure can ensure the same oxygen
stoichoimetric (LaMny ¢,:05 material has a rather small iso- content fo][ftwo |sor;[opebsamplt(ejs land thus prodqce an mtr;Psm
tope effect! As a matter of fact, the isotope exponent is Isotope effect. The observed large oxygen-isotope effect

, > X which is an intrinsic property of manganites places an im-
proportional to the pressure-effect coefficient, and simply depiant constraint on the basic physics of these materials.
pends onT¢.?° Furthermore, this theoretical model would
predict a negative oxygen isotope efféice., the %0 sample We would like to thank A. S. Alexandrov for useful dis-
has a higheiT:) for the overdoped regime whetETc/dx  cussion. This work was supported by the Swiss National Sci-
<0. In reality, one has always found positive isotopeence Foundation.
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