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Abstract

Structural, magnetic, and transport properties ofy (LaNd, )g.759Nag 25Mn0O3 (0 < x < 1) are studied. The system exhibits
a rhombohedrally distorted perovskite structurexfag 0.2 and it convert to an orthorhombic structure foe 0.4. Re-entrant
ferromagnetic type charge ordering transitions are observed in the narrow bandwidth sampGe6)( while charge ordering
transition is not observed for these saeglvith rhombohedral structure. Combigiwith the published results related to the
charge ordering transition, we argue that the rhombohedral structure likely favor double exchange interaction and suppress
charge ordering interaction. The compoundsveimetal to insulator transitions except fiNgsNag 25MnO3. The resistivity data
above the metal to insulator transition temperature for the charge ordered sample are discussed in the frame work of variable-
range hopping model.
0 2004 Elsevier B.V. All rights reserved.
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Recently there has been intensive interest in the physical phenomenaincluding intrinsically inhomoge-
properties of the rare-earth manganite perovskites neous ground states, phase separation, charge/orbital
Ri1—xAxMnO3 where R is a rare-earth element such ordering [4,5]. Among these physical phenomena, in-
as La, Pr, Nd or Y, and A is one of a number of diva- vestigations related to charge ordering (CO) are be-
lentions including Sr, Ca, Ba and Pb. The reason is not coming increasingly popular and have to some ex-
only the colossal magnetoresistance (CMR) [1-3] that tent diverted the interest in the rare earth manganates
occurs in these systems, but also a rich variety of the from CMR to phenomena related to CO. The prop-

erties of R_,A,MnOs are sensitive to the hole dop-
ing level x and the average A-site radis ) which
~* Corresponding author. determines the effective one-electron bandwidi) (
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t|0n_(t). In the_largeW cases, _the magnetic and elec- 550L® % g for Puma
tronic properties are mainly interpreted by the dou- 2 = v ¢ for Pnma
ble exchange (DE) model [6], while in the reducBd- s A 452
cases, the other instabilities competing with the DE in- % SA8F o ® &
teraction should be considered, such as the antiferro- g O .44
magnetic interaction between loaa} spins, the col- E 546L © v
lective Jahn—Teller effect [7-9], and the charge/orbital P * .
ordering [10]. g e

Some manganites doped with univalent alkalimetal ~ ~ S.44F R © X ; a
cations also show CO phenomenon; RNa,MnOs Pama 4
are charge-ordered antiferromagnets fo2 € x < 5420 ) " .

0.25 below Tco [11], and Na.78Nao2sMnO3 un- 00 02 D%ging D i 1
dergoes a CO transition around 180 K [12]. How-
ever, the properties related to CO for the mangan- Fig. 1. N+ concentration dependence of lattice constants at room
ites doped with univalent alkali metal cations are not temperature for (L, Ndy)o.75Nay 2sMnOs3.
completely identical to that of manganites doped with
divalent alkali earth cations. For example, theq)
of Lag75Nag2sMn0Os is 1.22 A, which is smaller (D/max-2500«) with Cu K, radiation at room temper-
than that of NgsSrosMnOs (1.24 A). However, ature. The atomic fraction was determined by electron-
Lag,7sNag.2sMnO3 do not show any charge ordering probe microanalysis and inductive coupled plasma
characters [13], while NgkSrpsMnOs is a charge or-  (ICP) emission spectroscopy, respectively. Both re-
dered antiferromagnet below 150 K [14,15]. Hence it sults indicate that the hole concentrations agree with
is necessary to investigate the competition between the nominal concentrations within 1%. Magnetic prop-
the charge ordered and ferromagnetic states in man-erties were measured by using vibrating sample mag-
ganites doped with univalent alkali metal cations. netometer (VSM). Resistivity measurements were car-
As mentioned above, lggsNag 25MnO3 only under- ried out by four-probe method and electrical contacts
gos a transition from ferromagnetic metal to para- were made with a silver conductive paint.
magnetic insulator phase between 1.8 to 400 K [13], The X-ray patterns indicate that all samples are
while a charge disordered paramagnetic insulator to single phase and the diffractograms can be indexed
charge ordered paramagnetic insulator transition oc- based on a rhombohedrally or orthorhombically dis-
cur at 180 K in N@ 75Nag.2sMnO3 compound [14]. torted perovskite structure. A Rietveld study [17] of
Therefore (La—,Nd,)o.759Nag.25Mn0O3 is the suitable the XRD data reveals th&3c symmetry R phase)
system to investigate the competition between the fer- for x < 0.2 and thePnma symmetry O phase) for
romagnetic DE and CO interactions and resultant ver- x > 0.4. The corresponding lattice constants at room
satile metal-insulator (M-I) transition phenomena. In temperature are shown in Fig. 1. One can see that
the present Letter, we systematically studied the struc- the lattice constants decrease with increasingo
ture magnetic and electronic transport properties of matter in R phase orO phase. Since the radius of
(Laz—xNdy)o.75Nag.2sMnO3 (0 < x < 1) compounds. Lat is greater than that of Nd and the rhombo-
The interactions between double exchange and chargehedral structure most likely occurs in these mangan-
ordering interaction varying with the bandwidth and ites with large A-site radius such asiaSr.MnQOs,
crystalline structure are discussed. La;_,Ba,MnO3z and La_,Na,MnQOs, itis reasonable
(Laz—xNd,)o.75Nag 2sMn0O3 (x = 0, 0.1, 0.2, 0.4, to observe the reducing lattice constants with increas-
0.6, 0.8, 0.9, 1) powder samples were synthesized viaing x and the structure transition froR phase toO
sol—-gel route (Pechini process) [16] in order to ob- phase around = 0.3.
tain well mixed reagents. The powder was pressed Fig. 2 displays the temperature dependence of mag-
into discs and sintered at 1373 K for 60 hours and netization of the samples measured on zero field cool-
then furnace cooled. The phase analysis of the samplesing (ZFC) model under 1000 Oe. For= 0, the band-
was performed using a Rigaku X-ray diffractometer width is large which favor the DE interaction, and re-
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30F Table 1
x=0.6 1.0 x=0.6 . .
50} x=0 = Structural parameters, Curie teerpture and charge ordering tem-
25 Eo.s perature for (La_,Nd, )g 7sNag 2sMnO3 (0 < x < 1)
2 20t EO_() Nd3+ doping level  (ra) (B)  02(R%) Tc(K) Tco(K)
§ 151 T T 1.0 1182 Q00112 - 180
= 0.9 1186 Q00115 109 176
101 0.8 1.190 Q00116 112 172
sl 0.6 1198 Q00109 115 168
(b) 0.4 1.206 Q00089 192 -
ol— 0.2 1214 Q00056 246 -
01 1218 Q00035 315 -
0.6} 0 1222 Q00011 325 -
8l :‘;0.8 =09
o~ s
EX: = o6 0.5
i o ' fraction of ferromagnetic components is found below
= 4t 140 160 180 200 10 130 K [12]. This indicates that the charge ordering
0.4} phase is dominant in the narrow bandwidth compound
2r Ndo.7sNap.2sMNn0O3. The (ra) of Ndo 75Nap.2sMNnO3
o (c) 03l @ is 1.182 A, which is exactly identical to that of
50 100 150 200 250 300 350 50 100 150 200 250 300 350 Lap.2Ndp.3Ca.sMnO3. But the Tco of the former
(K T(X) (180 K) is much less than that of the latter (237 K)

[19]. This may caused by the larger size mismatch

Fig. 2. Zero field cooled magnetitan as a function of temperature . .
9 9 P of the A-site cationss2 of the former, heres? =

for (Lag_, Ndy)g.75Nag.25MnO3 under a field of 1000 Oe, (a) for

2 2 H ;
x=0,0.1,0.2, 0.4; (b) fox = 0.6 and 0.8; (c) forx = 0.9; (d) for sz'r_i —{ra)*, \_Nherem is the fraf_:tlor)al occupancy
x = 1. The inset of (b) and (c) shows the detail information of the Of A ions andr; is the corresponding ionic radii. For
charge ordered range fer= 0.6 and 0.9, respectively. (Laz_,Nd,)o.79MNnO3 series, the average A-site ra-

dius, size mismatch of the A-site cations, CO tem-

perature and Curie temperature are listed in Table 1.
sult in the Curie temperaturd€) as high as 325 K. Form this table, one can see that the magnitudes of
When the Nd*t is introduced,7c reduce with de- (ra) for these charge ordered manganites are exactly
creasing bandwidth, i.e., with increasingNdloping in the range 1.17-1.20 A, which is identical to that
level. Forx = 0.4, the Curie temperature reduces to re-entrant type manganites doped with divalent alkali
192 K, but the DE interaction remains dominant and earth cations. The values of for the re-entrant type
only ferromagnetic to paramagnetic phase transition manganites studied by Rao et al. are about one-tenth of
is observed in the whole testing temperature range. that for our samples, hence the relative loWgp of
Whenx = 0.6, the bandwidth is further reduced, and (Lai;—Nd,)o.75Nag.2sMnO3 (x > 0.6) may related to
a charge ordering transition, characterize by an extra the larger size mismatch of the A-site cations. On the
peak (or shoulder) [18,19] in th&—T curve, occurs  other hand, although both thex) ando? of the x <
at 168 K. The charge ordering temperatufed) was 0.2 samples are less than that ofddtlag 2Sro.sMnO3
obtained from the minima ifW M /dT| plot [18]. The ((ra) = 1.25 A and Tco = 120 K) [20], which fa-
behaviours for = 0.6, 0.8 and 0.9 are similar. As de- vor to the CO phase, CO transition is not observed in
picted in Fig. 2, when the materials are cooled from these samples. It should note that theg 0.2 sam-
room temperature a CO state first develops, then fol- ples are rhombohedral structure, to our knowledge,
lowed by FM state. This is generally called re-entrant none of those charge ordered manganites no mat-
FM behaviour [19]. Forx > 0.6, Tco increases with  ter doped with divalent alkali earth cations or uni-
increasing ofx, while Tc decreases with increasing valent alkali metal cations, such as NgCa,MnOs3
of x. For the end member NgsNag 2sMnO3 whose (0.3 < x <0.8) [21], NO1—,Sr,MnO3 (048 < x <
(ra) is the smallest, long range ferromagnetic inter- 0.52) [14], Pi_,Ca,MnO3 (0.3 < x < 0.7) [22-24],
action is not achieved yet even at 77, and only small La;_,Ca,MnO3 (x > 0.5) [25], (Ndi—_La,)o.5500.5
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Fig. 3. Temperature variation of the resist_ivity of gLa Ndy)o.75- Fig. 4. Inp versus ¥T/4 for Ndg 7sNag 2sMnO3 above 110 K.
Nag 25MnO3 (x =1, 0.8, 0.4, 0.2) at zero field. The solid lines are fits to VRH model with different localization
length.

MnOs3 (x < 0.4) [20], (Nd,Smp 5Srp sMnO3 [26] and
Pri—xNa,MnO3 (0.2 < x < 0.25) [11], etc., hasrhom-  the crossing section for the two straight lines is around
bohedral structure. Hence we argue that the rhombo-190 K (1/ 714 = 0.269) which is close tdco. We
hedral structure likely favor double exchange interac- fit the two lines using least square root method and
tion and suppress charge ordering interaction. the results are also shown in Fig. 4 (solid lines). Nei-
The temperature dependence of the resistivity of ther of the TA and SPH model can well reproduce the
(La;—xNdy)o.75Nag 2sMnO3 is displayed in Fig. 3. For ~ experimental data even if the data are separated into
clarify, only the figures ofx = 1, 0.8, 0.4 and 0.2 two parts. Hence the resistivity follows Mott's VRH
are given. M-I transitions are observed for all other model above 110 K for Ngl;sNag.2sMnOs. In the
samples except NgisNag2sMnO3. The transition VRH model, the parametef is related to localiza-
temperatures are coincident with corresponding Curie tion lengthL by the expressioks 7o = 18/[L3N(E)],
temperatures, i.e., the metallic states of the samples arewhereN (E) is the electronic density of states. The fit-
ferromagnetic. ting results indicate thaf is equal to 43718x 108 K
Three typical models are generally used to ex- for T < 190 K and 152303x 108 K for 7' > 190 K,
plain the conduction mechanism above the M-I transi- respectively. Therefore the localization length Tok
tion temperature. These models are proposed in terms190 K is less than that fof > 190 K, which indi-
of conventional thermal activation (TA), small po- cate the carries become more localized below 190 K.
laron hopping (SPH) [27], and variable-range hop- Since the CO transition temperature is 180 K and CO
ping (VRH) [28], respectively. Each predicts a dif- generally makes the carries more localized [4,10], the

ferent temperature dependence of resistivitypas change of slope in Ip versus Y714 curve around
Aexp(Ey/ksT) (TA), p = BT eX(Eq/ksT) (SPH) 190 K originates from CO transition.
andp = poexp(To/ T)Y* (VRH), wherekg is Boltz- In summary, we systematically studied the struc-

mann constant anH,, is the activation energy. Forthe ture, magnetic and electronic transport properties of
charge ordered samples, the resistivity data alfgve  (Laz—Nd,)o.75Nag25Mn0O3 (0 < x < 1) systems.
(above 110 K for Ng.75Nag 25Mn0O3) are fitted using Lap.7sNag.25Mn0O3 is a ferromagnetic metal with rhom-
the three models, respectively. Since the fitting results bohedral structure below Curie temperature, and it
for the charge ordered samples are similar, only the undergoes a ferromagnetic metal to paramagnetic in-
results of N@.7sNap 2sMnO3 are presented and dis- sulator transition at 325 K. The system converts to
cussed here. Fig. 4 displays theplversus } 7%/4 an orthorhombicly distorted perovskite structure for
for T > 110 K. Surprisingly, these data are roughly x > 0.4. Re-entrant ferromagnetic type charge order-
in two distinct straight lines with different slopes and ing transitions are observed in the narrow bandwidth
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samples whoséra) is less than 1.20 AT¢ increases
with increasing bandwidth whil&co decreases with
increasing bandwidth. Combining with the published

results related to the charge ordering transition, we ar-

gue that the rhombohedral structure likely favor dou-
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