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EPR in La;_,CaMnO;: Relaxation and bottleneck
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Recent EPR and susceptibility measurements in L@aMnO; support the existence of a bottleneck EPR
regime up to 1000 K quantitatively. The EPR linewidth and electrical conductivity follow the same tempera-
ture dependence in the range of 250 to 650 K predicted by the small polaron hopping model. This indicates that
spin-lattice relaxation in manganates is due to the relaxation of spieg d#hn-Teller polarons to the lattice.

Electron paramagnetic resonant&PR is a powerful Herey? andx? are the baréwithout exchangesusceptibili-
technique to study static and dynamic magnetic correlationges of the MAd™ and Mr™* ions and the factoxk is a dimen-
on a microscopic level and can help to clarify the compleXsjonless exchange coupling constant between them. Accord-
magnetic state in doped manganese perovskites. Recentlyg to Eq.(2) the denominators ifys and x,, are the same
Qseroffet al: reported_the flrst observation of an EPR signal ;4 becausa2y®x2~1, the temperature dependences of
In La; _,CaMnOs.., with different Ca and oxygen content. |, terms are dominated by their denominators, so that

These mixed-valent manganese oxides are known to exhibjt
a large (called colossal magnetoresistive effeétThe au- bﬁas nearly the same temperature dependengg, aghere

thors in Ref. 1 ascribed the observed EPR signal to somfeore' despite the fact that in Ref. 3 we used ogiyto fit the

complex spin entity, resulting from a collection of Finand temperature dependence of EPR intensity, the conclusion of

Mn?** ions. However, the exact nature of the paramagnetigzef' 3 remains valid. _However, it is necessary tq take_into
center responsible for the EPR signal remained unknown. IGccount bothys andy,, in order to explain the Epf intensity
a previous papémwe reported a large oxygen isotope effect More quantltat'lvely. Thus the results of Caesal.” support
on the EPR linewidth and the intensity 10 and 180 iso- ~ OUr interpretation for the existence of the bottleneck effect up
tope substituted La ,CaMnO;, ,. We proposed a model in 10 atleast 1000 K. _
which a bottlenecked spin relaxation takes place from the Now the question arises: why does the bottleneck regime
exchange-coupled constituent finions via the MA™ Jahn-  survive up to such a high temperature? In order to answer
Teller ions to the lattice. This model provides a reasonabléhis question let us consider the electronic structure of man-
explanation of the observed EPR signal as well as on th@anites. Doped manganese perovskites are mixed-valent sys-
observed isotope effects. tems containing M#"(3d%) and Mrf*(3d%) ions. The
Very recently Causat al* performed EPR and dc sus- Mn®* ions have three electrons in thg, state and one elec-
ceptibility measurements in several Mn perovskites up taron occupies the double-degeneratelevel which is split
1_000 K. They carefully analyze_d the EPR intensi_ty quanti_ta-due to the Jahn-Teller effect ;. The hopping of the,
tively and came to the conclusion that all Mn spins contrib-g|ectron from a Mﬁ*:tggeé to a Mrf”:tggeg ion is respon-
ute to the EPR §|gnal in the temperature range studied. WEible for the electronic conduction, whereas tE@electrons
would like to point out that this conclusion is in agreement

with the bottleneck model. Indeed, the bottleneck phenom[emaln localized with a core spi8=3/2 (see Fig. . The

enon involves the onset of a collective motion of the totalsir?hng Hur_ld coupllntg ?ﬁtween t|l|1|ﬁJI stplns ahndt';]heg _?EmSH d
magnetic moments of the MA and Mr* spin systems. ©' 1€ Carmers orents them paraliel to each other. The Hun

Therefore, in the bottleneck regime the EPR intensity is pro-COUp”ng"]H is Igrge, Of, thg order of-1 eV. Inour opi.nion, )
portional to the total susceptibility, of the Mrf* and the Hund coupling, which is much larger than the spin-lattice
Mn3* spins: relaxation rate, is the reason why the bottleneck regime sur-

vives up to 1000 K.
The bottleneck effect in EPR was first investigated in cop-
I PR X1ot= X+ X @) per and gold metals doped with paramagn&istate Mrf "
ions (see, for example, an excellent review by Barhethe
where x5 and y,, are the renormalized static susceptibilities hottleneck regime exists if the relaxation of the localized

of the Mrf* and Mr#* spin systems, respectively, spin to the lattice occurs via the conduction electrons rather
than its own weekSstate interaction to the lattice. In the
. 1+?\X?, . 1+?\X2 manganates the spins in t.he half-fillegy subshell play thg
Xs=Xs— 5 o o+ Xo=X : (2)  role of Sstate localized spins and tieg electrons behave in
S S 2.0.0 a o 2.0.0 . .
1-=NXoXs 1=NXoXs the same way as the conduction electrons in the metals.
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FIG. 1. The schematic electronic structure of éyeandt levels g

of Mn®* and Mrf™ ions.

In a previous papémwe showed that the bottleneck model 200 300 400 500 600
can explain the temperature dependence of the EPR intensity (a) T (K)
of La; ,CaMnO;3 ., up to approximately 500 K. Above this
temperature a deviation of the theoretical fit from the experi- T T T
mental data occurs. We previously attributed this behavior to 14
a gradually opening of the bottleneck and to the transition to

the isothermal regim&.However, recent results of Causa = o Conductivity -
et al* indicate that the bottleneck effect persists up to at least % ® Linewidth
1000 K. Therefore, another possibility has to be considered. ~ 13r

First of all one should note that in the fitting procedure of the "& |

temperature dependence of the EPR intensity, we assumed T

the fitting parameted (ferromagnetic double exchange inte- = 12
gral) to be temperature independent. However, recent small- -

angle neutron scattering experiments demonstrated that be- -
low ~2T. small ferromagnetic clusters start to form in

Lag 6/Ca 3MNO; (Ref. 6. It is very likely that the formation ne > 25 3 3.5
of such clusters may modify the double-exchange interac- ) 1 i 1K '
tion. This may be the reason why it was not possible to fit (&) 000/T (1/K)

[(T) over the entire temperature range using a single tem- FIG. 2. (a) Temperature dependence of the EPR linewitibh,

perature mdepgndent va}lue of the exchange intelral for Lag Ca ,MnO;,, shown together with the temperature depen-
In the following we discuss the temperature dependencgence of conductivity from Ref. 8. The solid line represents the best
of the EPR linewidth/AH,,,. Figure Za) shows the tempera- it o the linewidth data aboveT,,, using the expression
ture dependence of the EPR linewidth for the sample WithApr(T)=AHO+(A/T)exp(—EalkBT). The dotted line is a fit to
x=0.2. The linewidth has minimum nedi; and increases the conductivity data using the adiabatic small polaron hopping
with increasing temperature. Trying to explain the temperamodel. (b) EPR linewidth and conductivity data same as(&
ture dependence afH,, aboveT,,, we noticed that it is plotted as IndH,,,T) and InET), respectively, vs 1000/ The solid
very similar to the temperature dependence of the electricdines are linear fits indicating that both quantities follow the tem-
conductivity observed in manganate$he solid line in Fig.  perature dependence characteristic for the adiabatic hopping motion
2(a) represents the best fit to the data using the expressionof small polarons with a similar value of the activation energy.

A proportionality between the EPR linewidth and the con-
ductivity is often observed in systems with hopping
conductivity? It was shown that the hopping rate of the
The following fitting parameters were obtainedkH,  charge carriers limits the lifetime of the spin state. This leads
=80(8) G,A=5.0(1)x10° GK, andE,=0.106(1) eV. to a broadening of the EPR line, proportional to the hopping

In Fig. 2@ we plotted for comparison the temperature rate and thus to the conductivity.In this case the conduc-
dependence of the electrical conductivity measured byivity is determined by the probability &, electron hopping
Worledgeet al. in Lag 6/Ca 3MnO;,. thin film.8 This thin  between nearest sit&4. The hopping takes place with con-
film had a ferromagnetic ordering temperatdrg=203 K  serving the total spin and therefore will not lead to EPR
close to our polycrystalline sample wiffi,=215 K. One relaxation. A broadening of the EPR line arises due to the
can see that the EPR linewidth and conductivity show similaihopping of theey electrons via the spin-orbit coupling. The
temperature dependence. In the paramagnetic regime thpobability of hopping between the nearest sites with chang-
conductivity o of manganites is dominated by the adiabaticing the spin can be estimated a¥,=W(g—2)2. The
hopping motion of small polarofswvith a temperature de- g-factor of EPR line in manganates is very close to 2. There-
pendence of the formar(T) o« 1/Texp(—E,/ksT). Figure 2Zb) fore the condition for the bottleneck regirifé,<W is satis-
shows the linewidth and conductivity data plotted asfied automatically.

In(AH,,T) and InET), respectively, versus 1000/ As one It should be noted that in the strong bottleneck regime the
can see bottAH,,, and o follow the same temperature de- prefactorA in Eq. (3) contains a ratio of spin susceptibilities
pendence characteristic for the adiabatic hopping motion of, /xw:» Wherey,, is the bare susceptibility of M ions
small polarons with a similar values of the activation energy.and y; is total susceptibility. The temperature dependence

A
AHp(T)=AHq+ ?exq—Ea/kBT). (3
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of x, can be taken from the measurements of undopedtom tunneling experiments on the §ga ,MnO; . thin
LaMnOs. According to Causat al!! y,=C/(T—T.,) with  film.*?
Tew=220 K. ot can be found from the EPR intensity mea-  To summarize, in this paper we discussed recent EPR
surements in LagCay MnO; and fit with a Curie-Weiss law experiments in CMR manganitein terms of a model in
givesT¢,=218 K(Ref. 7). Thus the ratiox, / x iS practi-  which a bottlenecked spin relaxation takes place from the
cally temperature independent and will not affect the temexchange-coupled constituepy spins via thee, charge car-
perature dependence of the EPR linewidth. riers to the lattice. We have demonstrated that the bottleneck
~ The observed similarity between temperature dependennodel provides an excellent description of the EPR data ob-
cies of the EPR linewidth and the conductivity indicates thatained in manganates up to 1000 K. Furthermore, the tem-
the spin-lattice relaxation is determined by the small polarorberature dependence of the EPR linewidth is shown to have

hopping. It is important to note that the activation energyy cimilar tem ; .
. : perature dependence as the electrical conductiv-
E,=0.106(1) eV, deduced from the present EPR linewidth. : ; ;
: . ty and is determined by the hopping rate of g charge
data, is very close to the value,=0.121(1) eV obtained L;rriersl ! y Pping 9

from resistivity data of a Lgg/Cay3MnO;., thin film.®
Moreover, one should emphasize that the valueEgfis This work was supported by the Swiss National Science
nearly equal to the energy gdp,=0.108 eV determined Foundation.
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