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We studied the temperature dependen
e of the ele
tri
 resistivity in single 
rystal

Pr

0:7

(Sr

0:28

Pb

0:02

)MnO

3

samples in the temperature interval 20�325 K. The results demonstrated

a maximum of resistivity at T = 250 K. This maximum was due to the metal{insulator transition

related to the ferromagneti
{paramagneti
 phase transition.
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I. INTRODUCTION

Metal{insulator transition in manganite perovskites

has attra
ted 
onsiderable attention during the last years

[1℄. It has been established that the metalli
 state in these

materials is ferromagneti
 (with the double ex
hange

me
hanism responsible for the ferromagnetism), and a

variety of insulating states have been found. In many


ases appli
ation of a magneti
 �eld 
onverts insulating

phase into the ferromagneti
 metalli
 (FM) state, result-

ing in the phenomenon of `
olossal magnetoresistan
e'

(CMR). Re
ently, it has been demonstrated the mi
ro-

s
opi
 phase separation plays an essential role in the

physi
s of the manganites [2,3℄. In parti
ular, it results

in the apparent perovskite 
hara
ter of the insulator{

metal transition when the transition is from the 
harge-

ordered insulating to the ferromagneti
 metalli
 state. It

is here that the largest 
hanges in resistivity (more than

6 orders of magnitude), and therefore the largest mag-

netoresistan
e are observed. The 
ompounds whi
h have

been the fo
us of studies are the manganite perovskites

T

1�x

D

x

MnO

3

where T is a trivalent lanthanide 
ation

(e. g. La) and D is a divalent, e. g. alkaline earth (e. g.

Ca, Sr, Ba), 
ation. For the end members of the dilu-

tion series, LaMnO

3

and CaMnO

3

, the ground state is

antiferromagneti
 (AF), as expe
ted for spins intera
t-

ing via the superex
hange intera
tion when the metal{

oxygen{metal bound angle is 
lose to 180

Æ

[4℄. In a 
er-

tain range of doping x = 0:2 � 0:4, the ground state is

FM, and paramagneti
-to-ferromagneti
 transition is a
-


ompanied by a sharp drop in resistivity �(T ). Interest in

these materials has been renewed by the realization that

the MR asso
iated with this 
orrelation between magne-

tization (M ) and resistivity (�) 
an be very large, and

the basi
 intera
tion responsible for the ��M 
orrelation

was the double-ex
hange (DE) intera
tion [5{7℄ between

heterovalent (Mn

3+

, Mn

4+

) neighbours. As for the inter-

est in the FM state, mu
h attention has been given to

another type of 
olle
tive state 
harge order (CO), typi-


ally observed for x > 0:3. At these doping levels CO 
an


omplete with the FM ground state leading to 
omplex

ele
troni
 phase behaviour as 
hemi
al formula is varied

[8{10℄.

II. SAMPLES AND EXPERIMENTAL METHOD

Single 
rystals of Pr

0:7

(Sr

0:28

Pb

0:02

)MnO

3

were grown

by the high temperature solution method (HTSG). The

obtained 
rystals have a relatively small volume |

(1� 5) mm typi
ally. The 
hemi
al 
omposition was de-

termined with ED spe
trometer. For transport measure-

ments ele
tri
al 
onta
ts to the samples were made using

graphite paste and resistan
e was measured by the 
on-

ventional DC four-probe method. The temperature de-

penden
e of ele
tri
al resistan
e for samples was deter-

mined by means of platinum \Lake Shore" thermome-

ters model PT-103. Their resistan
e was determined a
-


ording to the four-point method. The power supply of

the thermometers and of the samples was a 120 Cur-

rent Sour
e, \Lake Shore Cryotroni
s". The voltage was

measured with Auto
al Digital Multimeter \Datron In-

struments". Ele
tri
al resistivity was re
orded by a XY

re
order SE-780 \Goerz Metrawatt". The error in the

determination of R = f(T ) was not more than �2 %.

III. RESULTS AND DISCUSSION

The results from the measurements of the relative ele
-

tri
al resistivity as a fun
tion of temperature in the inter-

val 20�325 K are shown in Fig. 1. Be
ause of the signi�-


ant size of the 
onta
ts relative to the 
rystal size, a

u-

rate determination of the resistivity was diÆ
ult. For this

reason we shall only present R(T )=R

20

(the ratio of resis-

tivity at 
ertain temperature to the resistivity measured

at 20 K). It 
an be observed that the relative resistivity

versus T for a single 
rystal of Pr

0:7

(Sr

0:28

Pb

0:02

)MnO

3

was maximal. In the interval 20 � 250 K, the samples

demonstrated a metal dependen
e R = f(T ), while at

temperatures 250 K their resistan
e was similar to that of

98



ELECTRICAL RESISTANCE OF Pr

0:7

(Sr

0:28

Pb

0:02

)MnO

3

SINGLE CRYSTALS. . .

diele
tri
s. Similar measurements of magnetoresistan
e

asso
iated with transition from paramagneti
 (PM) insu-

lator to FMmetal were performed by Searle andWang on

La

1�x

Pb

x

MnO

3

[11℄. Substitution on the La site modi-

�es the phase behaviour through size e�e
ts, and 
an be

found in Pr

0:5

Sr

0:5

MnO

3

[8℄ and Pr

0:7

(Sr,Ca)

0:3

MnO

3�Æ

[12, 13℄.

Fig. 1. Ralative resistivity versus T for a single 
ristals

of Pr

0:5

SrPb

0:5

MnO

3

. The insert shows the low-temperature

relative resistivity 
ompared to T

2:5

behaviour typi
al for the

ferromagneti
 state.

The 
ompound studied, whi
h in
luded the end mem-

ber LaMnO

3

, were isostru
tural, 
rystallizing in the or-

thorhombi
 P

nma

stru
ture at room temperature. The

end member LaMnO

3

was very distorted: the o
tahedra

were elongated and tilted. Though titling distortions are

not unusual for perovskites simply on the basis of steri



onditions, its magnitude in LaMnO

3

and the presen
e

of elongation are thought to be the result of Jahn{Teller

lo
al distortion [14, 15℄. By using mixtures of T = La,

Pr and Nd and D = Ca, Ba and Pb, x 
an be varied,

with the result that the perovskite stru
ture is stable for

0:85 < x < 0:91 [16℄. At �nite doping, 
harge balan
e

is maintained by a fra
tion, x, a Mn ions assuming a

tetravalent, Mn

4+

(d

3

), 
on�guration in a random fash-

ion throughout the 
rystal, with the remainder in the

Mn

3+

(d

4

) state. Van Santen and Jonker showed [17℄ that

at temperature above the ferromagneti
 Curie point, T




,

the resistivity behaves like a semi
ondu
tor d�=dT < 0,

but that below T




, not only is there a sharp redu
tion in

resistivity, but, also a transition to metalli
 behaviour,

d�=dT > 0. Similar behaviour have La

1�x

Sr

x

MnO

3

and

La

1�x

Ca

x

MnO

3

[18℄. Zener [19℄ proposed a me
hanism

he 
alled `double ex
hange' (DE) to explain the simulta-

neous o

urren
e of ferromagnetism and metalli
ity, both

as a fun
tion of x and T . For x < 0:5 the majority of Mn

ions are in the d

4


on�guration, whi
h, for o
tahedral


oordination, means a half-�lled t

2g

triplet and quarter-

�lled eg doublet. The minority of sites is d

3

, whi
h 
orre-

sponds to a half-�lled t

2g

orbital triplet. This hopping is

impeded if neighbouring sites are orthogonal, i. e., spins

are not parallel. Anderson and Hasegawa showed that

the transfer integral varies as 
osine of the angle between

neighbouring spins [20℄. As temperature is lowered and

spin 
u
tuations de
rease, the 
ombined itinerant lo
al-

moment systems lowers its total energy by aligning the

spins ferromagneti
ally and allowing the itinerant ele
-

trons to gain kineti
 energy. Re
ently, Millis et al. have

shown that Hamiltonian in
orporating only the DE in-

tera
tion 
annot explain the most obvious feature of the

manganites, namely the magnitude of the 
harge in re-

sistivity at the FM transition [21℄. They, as well as Roder

et al. proposed, in addition to DE, an ele
tron{phonon


oupling term [22, 23℄. Su
h an intera
tion is not unex-

pe
ted in a pi
ture where transport is via hopping among

Mn

3+

and Mn

4+

ions. Here, the hole, 
orresponding to

a Mn

4+

(d

3

) ion must displa
e a Mn

3+

(d

4

) ion. Whi
h,

in the dilute limit, 
an be asso
iated with a large Jahn-

Teller (J{T) 
oupling.

IV. CONCLUSIONS

Our investigations on the temperature depen-

den
e of the ele
tri
 resistivity in single 
rys-

tal Pr

0:7

(Sr

0:28

Pb

0:02

)MnO

3

demonstrated a metal{

insulator transition at Curie point temperature T




=

250 K, due to the deviation of o
tahedral oxygen en-

vironment. This distortion has a similar magnitude as

that in LaMnO

3

and, most likely, arises from the mani-

festation of the strong ele
tron{phonon 
oupling by the

J{T theorem in the dilute 
ase. Even though the J{T

theorem applies stri
tly only for single ions, an ele
tron{

phonon 
oupling may also play a signi�
ant role for the

intera
tion of ions.
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U FEROMAGNETNOMU TA PARAMAGNETNOMU STANAH
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Vivqeno temperaturnu zale�n�st~ elektriqnogo oporu v zrazkah monokristal�v Pr

0:7

(Sr

0:28

Pb

0:02

)MnO

3

v temperaturnomu �nterval� 20�325 K. Rezul~tati vkazu�t~ na maksimal~ne znaqenn� oporu v�dbuva
t~s�

pri T = 250 K. Ce� maksimum pov'�zani� z perehodom metal{d�elektrik, wo sp�vv�dnosit~s� z fazovim

perehodom feromagnetik-paramagnetik.
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