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Correlations between pressure and bandwidth effects in metal—insulator
transitions in manganites
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The effect of pressure on the metal—insulator transition in manganites with a broad range of
bandwidths is investigated. A critical pressure is found at which the metal—insulator transition
temperatureT), , reaches a maximum value in every sample studied. The origin of this universal
pressure and the relation between the pressure effect and the bandwidth on the metal-insulator
transition are discussed. ®004 American Institute of Physic§DOI: 10.1063/1.164621]2

Manganites have been the focus of intense studies ifer integral that depends on the spatial wave function over-
recent years since the observation of large magnetoresistanizgps andé;; is the relative angle between two neighboring
sparked interest in these materials for use as magnetoresis ion t,y core spins.
tance sensors. The metal—insulator transitigMéTs) ob- Generally, the structure can be tuned in two ways:
served in these materials are crucial to the colossal magn&hemical doping and external pressure. In chemical doping,
toresistance effect. MITs occur in manganites in two caseshy selecting different doping elements and doping concentra-
First, a metallic ground state exists in the low-temperatureion, the average A-site atom sige,) in the AMnO; system
range in some doping systems at certain doping concentrgs changed. Because of the mismatch betweegh and Mn-
tions, such as: La,SrgMnO; (x~0.16-0.50), site ion size, the local atomic structure of Mg©Octahedra
La; _,CaMnO; (x~0.18-0.50), and Nd,SrMnOz; (x  can be modified. Therefore, the bandwidth is tuned by
~0.25-0.50); second, metallic states can be induced bghemical doping so that complicated electronic and magnetic
other factors, such as magnetic fields, photons, pressure, aplase diagrams have been obseR’/@tie external pressure
electric fields. Py_,CaMnO; atx~0.3 is in the latter class. method is a “clean method” that only modifies the lattice
In most of the manganites, the metallic state is coupled to thetructure without inducing chemical complexity. To date, in
ferromagnetic state so that the very large magnetoresistanggudies on manganites, the effects of external pressure on the

can be explained by double exchange theory. charge ordering, MITs, and magnetic states have been ob-
In the parameters determining the complicated propertiegerved.

of the manganites, the, electron bandwidtW is a particu- Currently, most of the high-pressure studies on mangan-

larly important one to the metal—transition temperaflijg,  ites are on MITs and at low pressuresZ GPa). In the

or the appearance of the metallic state under some condiow-pressure range, this electronic transition is coupled to
tions. In manganites, the MrdBorbital is split intot,q and  the ferromagnetic transition, which can be explained qualita-
e, orbitals by the octahedral crystal field. The conduction-tively by double exchange theoty. It is also found that
band electrons are @; symmetry. Because thg orbital is  hydrostatic pressure has similar effects to chemical doping
Jahn-Teller active for the M sites, Jahn-Teller distortion ith larger atoms and higher doping concentration. Both can
(JTD) can further split the two-fold degeneratg orbital to  jncrease the Ma-O—Mn bond angle, compress MaO
trap the conduction-band electrons. Consequently, the bangiond length and, hence, lead to larger bandwidth. Corre-
width is hlghly correlated with the local atomic structure of Sponding|y,Tc (Or TMI) increases, or in some manganites
the MnQ; octahedra: Cooperative tilting (MRO—Mn  qyiginally in insulating state, a MIT is induced. The effect of
bond anglg JTD (Mn—O distance and coherence of the chemical doping and pressure can be scaled to each other
JTD. The bandwidth is characterized by the overlap betweegjith a conversion factor of 3.2610 4 A/kbar® However,
the Mn3d orbital and O orbital and can be described most pressure experiments were conducted below 2 GPa.
empirically by By applying pressures up te 6 GPa on manganite sys-
tems with a broad range of bandwidths, the effect of pressure

1 on the MIT and the correlation between the external pressure

CO{E(W_<E>)} effect and the chemical doping were observed. It is found
Wee —— 35—, (1)  that T¢ and/or Ty, do not change monotonically with
Mn—0 pressurdand these two transitions do not always couple.

) ) . universal pressure may exist for the MIT in manganites. With
where W is the bandwidth, is the Mn—O—Mn bond 5 increase of the bandwidth, the change in the MIT tem-
angle, anddy,_ o is the Mn—O bond length. In double ex- perature with pressure may vanish.
change theory, it is described as the electron hopping rate or - 14 systemically explore the external pressure and chemi-
the transfer integrak;; =t;; cos(;/2), wheretjj is the trans- 5| 4oping effects and the correlation between them, manga-
nite systems with much different ground magnetic and elec-
¥Electronic mail: tyson@adm.nijit.edu tronic states, Ng ,SrL,MnO; (x=0.45, 0.50 (NSMO),
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TABLE I. Average A-site ion size, tolerance factdr,, , dTy, /dP, and critical pressure.

Sample (ra) t Tw (K) dTy, /dP (K/GP3 P* (GPa
PCMO25 1.179 25 0.92711 NFA 51(7) 3.89)
PCMO30 1.17930 0.928 30 NFA 88(7) 3.54)
PCMO35 1.179 35 0.929 50 NFA 68(7) 3.93)
LYCMO 1.202 30 0.937 30 149) 22(4) 3.84)
NSMO45 1.22915 0.949 87 2em 18(11) 2.61.6°
NSMO50 1.23650 0.95374 26D —1.0(2.8) 3.01.6

Note: t is the tolerance factor calculated with the data in Ref. g, is the MIT temperature at ambient
pressuredT, /dP is the change rate df,, atP~0 extracted by fitting the data with a third-order polynomial,
the numbers in brackets are the errors in the last one or two digitsPanid the pressure where thg,
increase trend reverses.

aN/A denotes not applicable.

bThe evolution of resistivity in the paramagnetic phase-&16 K gives aP* of 3.8+ 0.3 GPa.(See Ref. @
See text for details.

Lag eoY 0.0C& 3MNO3 (LYCMO), and Py_,CaMnO; (x  mined from theTy, is small. But, if we look at the resistivity
=0.25, 0.30, 0.3p(PCMO), were selected. The bandwidths changes with pressure, its critical pressure is the same as
of the selected samples are uniformly distributed in the elecether samples. This may come from the high-temperature
tronic phase diagrartsee Ref. h limit of the instruments which leads to the fact that thg

The samples were prepared by solid-state reaction. Thgear the limit in the middle pressure range cannot be
procedure and details of preparation were describegetermined.
elsewheré:®° All samples are characterized with x-ray dif- In large bandwidth samples, the change Taf, with

fraction and magnetization measurements. The details of trﬁessure is slower than in narrow bandwidth ones, indicating

high-pressure resistivity measurement method and errGhat the large bandwidth samples are more stable under pres-
analysis were described previouSithe MIT temperature  gre The samples studied are selected with different doping
whenever present is defined as the temperature at the resissncentrations and from different doping systems. The band-
tivity pea}k. Becausg of the lower temperature stability of our;iqins span a large range. The samples also have rather dif-
system in the cooling cycle, the data were collected onlyent ground-state electronic and magnetic properties at am-
while warming up. bient conditions. But, the MITs in these samples all follow a

In all the samples Stl,Jd'Ed’ there is a MIT at amb'entsimilar behavior, therefore, it is reasonable to speculate that
pressure or a MIT can be induced by applying pressure. Coli'he critical pressur®* is universal for the MITs in manga-

responding to the bandwidth phase diagram in Ref. 5, the.
N SEMNO, system k0.5, 0.50 has a large band- hites. From the structural measurements on mangaiifes,

Wi, L2 00/Ca MO has & medium bandwiat, and ¢t S S0 T IR O ORI L S
the Py _,CaMnO; system =0.25, 0.30, 0.3bhas a small

- octahedra.
bandwidth. und th ller bandwidth I t
In Table 1, (r ), the tolerance factot, and MIT tem- nder pressure, the smaller bandwi samples seem to

perature at ambient pressure, which corresponds to the banfa—h_ave smaller pressure range |n_wh|ch_the samples_ are me-
width, are listed. The average MmO bond length and f[alllc at low temperature and outside whlch they are msu!at-
Mn—O—Mn bond angle of all samples determined from theind. ON the other hand, the samples with a large bandwidth
Rietveld refinement to the x-ray diffraction patterns are
shown in Fig. 1. According to Ed1), with increasing(r o) 198
or t, the decreasing bond length and bond angle lead to in- | = 170
creasing bandwidthV and, hence, increasing, . 1974
With the application of pressure, the MIT temperatures ._{3 ]
of the samples which have a MIT at ambient pressure in- 196 ° -165
crease. In the narrow bandwidth;PCaMnO; system, the < ] E} -
samples are insulating at ambient pressure. Under pressureo’l\ 1.95.
MITs are induced. With a pressure increase, the behavior of § | P 160 v
the Ty, is similar to other samples with a larger bandwidth. Vv ° %]

. . . . : 1.94-
When the pressure is above a certain point, the increasing ] .

trend of T, of all samples is reversed. The evolution of the ° D18

transition temperatures of all samples is shown in Fig. 2.
In Fig. 2, the most salient feature is that a critical pres- pc25 pc30 pe35  lye  nsd5  ns50

sure P* exists in each sample: With a pressure increase, Sample

below P*, T\, increases; above*, T,, decreases. By fit-

ting T\, versusP plots with a third-order polynomiaR* for ~ FIG. 1. Mn—O0 bond length and Ma-O—Mn bond angle of samples at

mbient conditions. Note: The abscissa gives the samples, the numbers in-

each sample can be extracted and is listed in Table I. Withi icate the concentrations of the doping elements in perpergipresents Pr,

the fitting error, the samples have the same critical pressurg epresents Cat represents Lay represents Yn represents Nd, and

P*. One exception is the NSMO45 sample. TIR& deter-  represents Sr.
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trations and, hence, differe; electron bandwidths, it is
jolliesd found that the pressure effect on the MIT in manganites is
@fmss not equiva_lent to that of the chemical doping. Only at low
nsmod5 pressures is the pressure effect on the MIT analogous to the
nsmoS0 chemical doping with elements of a large atom size. With a
pressure increase, the trendlf; increasing with pressure is
reversed at a critical pressure, above which the transition
temperature decreases with pressure and, finally, the material
may become insulating. The critical pressure is found to exist
in all of the samples studied and possibly is universal for the
MIT in the manganites. The bandwidilchemical doping
determines how stable the material may be under pressure.
The larger bandwidth manganites are more stable under pres-
sure and, therefore, have a smalter,, /dP near ambient
P (GPa) pressure and smalléfry, variation under pressure. Because
of the importance of the local atomic structure of the MnO
FIG. 2. Pressure dependence of the MIT temperatures of IMnO;  gctahedra to the electronic and magnetic properties of the
8%3,25)9'45’ 0.50, L2.60Y 0,018 5MNO;, and Pi,CaMNO; (x=0.25,0.30,  yanganites, this work may also contribute to understanding
the properties of thin films of manganites which are impor-
tant in technological applications.

are more stable under pressure and the variable rangg, of ] . . )

is small, and they do not become insulating in a larger pres-  1Nis work is supported by the National Science Founda-

sure range. The lower stability df,, in small bandwidth tion under Grant No. DMR-0209243.
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