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Ferromagnetic-antiferromagnetic transition in Prg 5,Sr 4gVINO 3 manganite
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The temperature dependence ®Mn NMR in Pry5;Sh4MNnO; manganite was studied around the
ferromagnetic-antiferromagnetic transition. The ferromagnetic ph@ise=265 K) is inhomogeneous; the
corresponding NMR signal may be described as arising from two regions. Rejpeempared to regions
A,, possess a higher hyperfine field and a slower nuclear spin-spin relaxation, which may be attributed to the
relatively higher mobility of electrons and stronger double-exchange interaction. Startingfidih K the
antiferromagnetic phase develops, nucleating from regfnswhich no longer exist below=100 K. The
volume of regionA; decreases markedly below 125 K, but its fractieB% survives down to low tempera-
tures.
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The magnetic phase diagram of the half-doped mangarfloating-zone method. Measurements of the magnetization
itesR;_,A,MnO; (x=~0.5) is very rich due to the presence and susceptibility were carried out using a Quantum Design
of competing antiferromagnetitAFM) superexchange and superconducting quantum interference dey®@UID) mag-
ferromagnetic(FM) double-exchange interactions. In addi- netometer. The magnetization was measured in fields up to 5
tion, a strong coupling between magnetic, charge, and orbital and the spontaneous moment was then determined by ex-
degrees of freedom exists. The tendency to ferromagnetismnapolating the data to zero magnetic field.
increases with increasing size of tAeand/orR cations—in As the crystal was highly conducting it was crushed and
the charge ordered LaCa;,MnO; system the CE-type an- the resulting fine crystallites were then fixed together in par-
tiferromagnetism dominates. {365r,,,MnO; is an A-type an-  affin. In this way the influence of the skin effect on the
tiferromagnet with a polaronic conductivity in ferromagneti- amplitude of the NMR signal was minimized. The NMR
cally ordered planes, while Lay,Sr,MnO; is a  spectra were recorded by a two-pulse spin echo method at
ferromagnetic metdl.In these systems the AFM and FM temperatures between 63 and 230 K using a noncoherent
phases often coexist; moreover, two different FM phases spectrometer with frequency sweep and boxcar detector sig-
and B have been observed by means BMn NMR in nal averaging. The NMR spectrum was obtained by measur-
Lay,Ca/,Mn0O; (Ref. § and PgsCa SihaMnO; (Ref. 4  ing the integrated intensity of the spin echo versus frequency.
with CE-type AFM ground states. Phadg originates from  The spin echo appears after a two-pulse sequence consisting
the FM regions embedded in the AFM matrix, while phaseof exciting and refocusing radio frequency pulses separated
Br, appearing above the Wetemperaturdy, corresponds by a time intervalr. The intensity of the spectrum is propor-
to bulk ferromagnetism. An additional complexity appears,tional to exp(27/T,), whereT, is the spin-spin relaxation
as phasé\r was found to be spatially inhomogeneous, con-time.
sisting of regions with different electron mobility and double  The magnetizatioM measured at cooling and warming in
exchange, which results in different nuclear spin dynamicsa field 0.75 T is displayed in Fig. 1. The susceptibility was
and different magnitude of the hyperfine field. In a recentmeasured as well and its features are analogous to thdde of
paper we have shown that such an inhomogeneity is rather &inset in Fig. 3. Pry 5:Sf 4gMnO; undergoes on warming a
general feature of the FM state in manganites. Of particulatransition to bulk ferromagnetism &~ 125 K and then to
interest is the character of FM phase in systems with the& paramagnetic state &at=265 K. This is also illustrated
A-type AFM ground state. Using®™Mn NMR at 1.3 K in by resistivity curves in Fig. 2. BotM(T) andp(T) depen-
Pr,,Sn,,MnO; single crystals, Allodietal® studied the dences exhibit a clear hysteresis arouifg, pointing to a
AFM —FM transition induced by a magnetic field. The de- first-order type of AFM—FM transition.
velopment of the FM state with increasing temperature was NMR spectra of>>Mn at selected temperatures, recorded
not yet elucidated, however. on cooling usingr=3.5 us, are displayed in Fig. 3. AT

In this paper we present the temperature dependence ef63 K the NMR spectrum consists of a single Gaussian line
%Mn NMR in Pry5;Sr 4gMNnO;, supplemented by magnetic at 356 MHz, in distinction to Allodietal® who in
measurements. In this compound we found that the FM stater, sSr, sMnO3 at T=1.3 K observed two peaks centered at
aboveTy corresponds to an inhomogeneous phaseand 370 and 290 MHz. We have no simple explanation for this
we investigated in detail how the character of this phasalifference; it might be connected either with a different com-
changes at and around the FMAFM transition. The re- position or with some process taking place at temperatures
sults have been mentioned elsewhkete. below 63 K. The amplitude of the NMR signal in the present

Single-crystal Rys5:Sth4gMnO; was prepared by the sample increases rapidly 8s—Ty. The reduction of this

0163-1829/2002/622)/2244184)/$20.00 65224418-1 ©2002 The American Physical Society



M. M. SAVOSTA et al. PHYSICAL REVIEW B 65 224418

LIS INL A B IR S S S B B B B B B I S S S T T T T T T T T
L — i *10
H=0.75T o — BN ealihingc> VN 215K
3r o 10 / 17 200K
i 5 i 175K
r .f’?’ E 5 H i1 ]
- /i E L[] ] o
—~D $ 2 [ -
Ea I 8 g bt ] 3 155K
L D = "0 100 200 | o)
= i ! =]
I Ji' ?'f T(K) 1 =
[ I ] g
T I ] @
3 1 o 135K
B 1 o
J i ]
P
B 1 c
0 1 1 1 1 | 1 1 ' 1 | 1 1 1 1 | 1 1 ) 1 -5.
] 100 200 300 7))
Temperature (K)
FIG. 1. Pp5:Sr.gVInO5. Temperature dependence of the mag-
netization taken at 0.75 T on cooling and warming. In the inset the
temperature dependence of the ac susceptibility on warming is D i s aan s
shown. L=
240 280

amplitude in the FM state, whef increases further, is F (MHz2)

mainly connected with the shortening © which becomes FIG. 3. NMR spectra taken on cooling at several temperatures.
comparable to the spin-echo intervalAn additional reduc- The spectra are decomposed in two lifdashed curvgsas de-
tion of the amplitude, proportional to T/ results from the scribed in the text.

Curie law for the nuclear magnetic moment. This signal may

be therefore associated with the FM phase, which is furth

supported by a characteristic high vals€00 of the NMR sufficiently larger> 7..;, only the line possessing larg®s

enhancement factor. Arouriy the amplitude of the NMR contributes and the spectra can be fitted by a single Gaussian

signal exhibits a similar hysteresis as the magnetization. O . ;
the other hand, no hysteresis of either the NMR frequency oﬁne Ay, centered at 331 MHz, with a half-width of 23.4 MHz

the relaxation time has been observed andT,=8.3 us. The contribution of faster relaxing nuclear

Below 100 K the form of NMR spectrum does not dependSPiNS can be then determined by subtrac#igr) from the
on r [Fig. 4a)]; above this temperature the situation be_experlmentql spgctrum. This contribution can also be fitted
comes more complex—the width of the spectrum first deby & Gaussian liné, centered at 316 MHz with the same
creases with increasing but then remains constant after  half-width as the lineA;, but shortefT,=5.0 us. The cor-
surpasses a certain critical value. For 135 K the critical ~ responding two-line decomposition of te=135 K spec-
value ., of 7 equals 12 us[Fig. 4b)]. The simplest inter-  trum is shown in Fig. &), while the decomposition of NMR
pretation, as discussed in Ref. 5, is to assume that the NMRpectra taken at different temperatures are displayed in Fig.

3. Note that as the temperature increases, the contribution of
. I the line A, to the measured signal becomes smaller due to
[ ] the increasing relaxation rate and the fact tAg{(A,)
<T,(A;). Above 210 K practically only thé, line contrib-
utes to the signal observed.

The two-line character of the NMR spectra suggests that
the compound studied contains two different types of FM
regionsA; and A,, which give rise to lines at higher and
lower frequency, respectively. RegioAs are characterized
by shorterT,, i.e., by a faster dynamics of Mn nuclear spins,
which implies a slower hopping of the M electrons’. The
temperature dependence of the resonance frequency of the
A; and A, lines is similar to the one of the magnetization
. [Fig. 5@)], pointing to the second-order phase transition at

e L Tc. In almost the whole temperature interval the relaxation
0 100 TZ(EE) 300 400 rate ;7I'2 increases qpproximate]y gxponentially with_in—

creasing temperatuf&ig. 5b)], which is the same behavior

FIG. 2. Temperature dependence of the resistivity on coolingds in other FM manganité€ In the vicinity of Ty the relax-
and warming. ation exhibits a plateau, however.

e§ignal consists of two lines which possess differént For

Electrical resistivity (mQcem)
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FIG. 4. NMR spectra of*Mn taken for different values of the Ppared to spontaneous magnetic moment and magnetization at0.75 T
time interval 7 at 77 K (@) and 135 K(b). The amplitudes are ©n cooling(a). Temperature dependence of the spin relaxation rate
normalized to show the evolution of the line shape. The width of thel/T> 0f A; andA; lines (b).
spectra at 135 K first decreases when increasinthen remains
constant giving rise to thé, line. Based on this behavior, spectra S€rvation is in contrast to the NMR study of
are decomposed on two lin¢s). Pr0,5CaO_ZSrO_3MnO3,4 in which we have found that the ferro-
magnetic signal originates from two FM phases possessing

Using the decomposition of the NMR spectra describecﬂUit_e different characteristics. As sugge_stc-d in R_ef. 4 t_he mi-
above, the relative volume of the regioAs andA, can be nority Ag phase in the CE-typ_e syste_ms is |ntr|n5|call_y linked
determined by extrapolating the corresponding NMR ampli{0 the charge-ordering defedite antiphase boundariedn
tudes tor=0. The temperature dependence of the relativéhe A-type compounds no charge order exists; henceAghe
volume of A; and A, obtained in this way is displayed in
Fig. 6. In the same figure the relative volume of the AFM g
phase is also shown. This volume was obtained by assuming - D.\ .
that the decrease of the FM signal is fully due to the growth |
of the AFM phase. It is seen that between 150 and 125 K the 08 I N |
increase of the AFM volume is caused entirely by the de- i
crease of theA, volume, while the volume of regiond;
remains unchanged. The AFM phase thus nucleates iAthe
regions—this is to be expected if the double exchangk,in
is weaker compared to th&; regions, confirming thus that
A; and A, have the origin suggested by us earfi@elow {
125 K the volume of theA; regions also decreases; a re- - Y ’ti
sidual fraction~3% is retained down to low temperatures, o y
however. TheA, regions disappear completely at about 100 ) ./ 7
K. - ¢

The results obtained show clearly that the character of -0
local ferromagnetism in the A-type and the CE-type antifer- 100 150 500
romagnetic ground states is different. In the A-type AFM T K
compound studied, the residual ferromagnetism at low tem-
peratures and the bulk ferromagnetism abdygoriginate FIG. 6. Relative volumes of tha, andA, FM regions and the
from the same thermodynamic phase, in which the regions 0AFM phase as a function of the temperature. The curves serve as a
A; and A, type are microscopically intertwinnédThis ob-  guide for eyes.
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ferromagnetic phase at low temperatures has probably a We are grateful to Y. Tomioka and Y. Tokura for providing
parasitic character—it is not intimately connected to the mathe single-crystal Br5:Sr 49MnOs5. This work was supported
jority AFM phase as evidenced by the absence of the thermdly Grant No. 202/00/1601 of the Grant Agency of the Czech
hysteresis of NMR frequency and relaxati@uch hysteresis Republic and Grant No. A1010202 of the Grant Agency of
was found in CE-type systerh. AS CR.
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