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Polarized Raman measurements of Y, Pr Ba,cu307
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We report polarized Raman measurements on small single crystals embedded in
Yz Pr Ba2Cu307 polycrystalline pellets. The measurements show two-mode behavior in the
Cu-0 bending mode of the Cu02 planes (Bi~ mode). The increase in frequency with z of the
Ba-Ba stretching mode and the chain copper —apical oxygen Cu(1)—O(4) stretching mode is
consistent with hole localization on Ba sites due to Ba Sd—0 2p covalency. This localization
may be related to the suppression of superconductivity in this compound, which increases with
increasing x.
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I. INTRODUCTION

Among the LBa2Cus07 compounds that are isostruc-
tural to YBasCus07, where L is a lanthanide ele-

ment, (abbreviated L 1:2:3), only PrBaqCus07 is non-
metallic and nonsuperconducting. PrBasCus07, like

YBagCu307, has features that are thought to be es-
sential for high-temperature superconductivity such as
CuOs planes, Cu-0 linear chains, and the stoichiomet-
ric oxygen content in the unit cell. Thus, Pr 1:2:3has
been studied with the hope of better understanding the
mechanism of superconductivity. The solid solution sys-
tem Yi Pr BaqCus07 is particularly interesting since,
if prepared properly, a single-phase 1:2:3 structure is
obtained, and yet superconductivity is gradually sup-
pressed as the Pr concentration increases. The mecha-
nism for suppression of superconductivity is not well un-

derstood. We have recently reported Ba core-level shifts
in x-ray photoemission spectroscopy measurements on
Yi Pr Ba2Cus07 and YBa2Cus07 „samples. From
these shifts we suggested that, as z and y increase, holes
may become localized at Ba sites due to Ba 5d—0 2p
covalency. This localization of holes would lead to a sup-
pression of superconductivity in both of these systems.

In this paper, we report Raman measurements of
Yi Pr Ba2Cus07 and find that the results are con-
sistent with our earlier suggestion. The Raman mea-
surements were performed using a focused laser beam
on single crystals embedded in samples of ceramic
Yi Pr BaqCus07 (z = 0.0, 0.2, 0.4, 0.5, 0.6, 0.8,
1.0) with z(zz)z and z(zz)z polarizations. ~ Five modes
are expected, 4A~&+8~& in tetragonal notation. Only
the 4Aiz are allowed in z(zz)z polarization, but all five
modes are allowed in z(zz)z polarization. Our mea-
surements of the Pr 1:2:3 give results similar to pre-
vious work. s s However, our z(zz)z polarization mea-
surements show two-mode behavior in the Cu-0 bend-
ing mode (Bi~ mode) of the Cu02 planes. The Ba-Ba
stretching mode (Ba-Aiz mode) and the apical oxygen
stretching mode [0(4)-Aiz mode] are observed to in-

crease in frequency as z increases, in agreement with the
previous result. 5 We note that the increase in frequency
of the Ba-Ai& and 0(4)-Ai& modes may be related to hole
localization on Ba sites due to Ba 5d—0 2p covalency. i

II. EXPERIMENT

Details of sample preparation and characterization are
described elsewhere. In brief, x-ray diffraction, resistiv-
ity, magnetization, and x-ray photoemission spectroscopy
show that all samples are essentially single phase with
little impurity. An iodometric titration method deter-
mined the oxygen content to be 6.90+0.03, independent
of Pr concentration z. The Raman measurements were
done in back-scattering geometry with the laser beam
focused on single crystals embedded in the ceramic sam-
ples. Two different polarizations, z(zz)z and z(zz)z,
were measured. The measurements were done at room
temperature, using an Instruments SA micro-Raman sys-
tem and a 5145-A laser source.

III. RESULTS AND DISCUSSION

Figure 1 shows Raman spectra for Yi Pr Ba2Cu307
samples with z(zz) z polarization. The four expected Aiz
Raman modes are observed and are labeled 1, 2, 4, and
5 in order of increasing frequency (mode 3 is the Bi&
mode discussed later). Table I shows the peak frequen-
cies. Peaks above 600 cm are due to small concentra-
tion BaCuOq impurities. The Biz mode is not allowed
in z(zz)z polarization but can be seen in z(zz)z polar-
ization, and it is shown, on an expanded scale, in Fig. 2.
The Biz mode ( 340 cm, hence labeled 3) involves
out-of-phase bending motion2 7 of the Cu02 planes. The
mode decreases in frequency by 40 cm as z increases
from 0 to 1, in agreement with previous work. This
decrease in frequency could be due to longer Cu —0 bond
length of Cu02 plane. However, the A~& mode at 440
cm i (mode 4), which involves the motion of the oxygen
atoms of one Cu02 plane against those of the immedi-

42 4240 Qc1990 The American Physical Society



42 POLARIZED RRAMAN MEASUREMEN TS OF Yl „Pr„aa2cu307 4241

ately adjacent Cu02 plane, is hardl
h i h C —Ob g ( )

bond-length a
o ese frequenc nq cy changes based on th

We observe resolved tw
cm mode for sam le f-1

ve wo-mode behavior

fo =0.2 d 0.4 th 1'
p eso @=0.6 and 0.8

e linewidths of this
f' tl b' d"th hr an those of x=0.0 a d10 91

the peak frequenc of th'
o e e avior as well. Figure 3 shows

mode behavior as well
ncy o t is mode as funct'nc ion of z. Two-
as we as one-mode beh

true mixed crystals in h

e avior is seen in

log pas in t e x-ray cr stal
i intermediate lattic

„t 1). Th
340 cm t mod

e cause for two-o-mode behavior of the
mo e may be related to da e o egeneracy lifting

TABLE I. The e 1ge pea requencies in
r~ a2 u307. The modes are

sponding to Fig. 1. Th
re numbered cor-

B d
'

h

e two-mode be
s s own in Figs. 2 and 3.

0.0
0.2
0.5
0.8
1.0

No. 1

118.0
116.0
120.0
119.2
126.4

No. 2

149.4
147.6
146.6
148.2
149.6

No. 4

441.6
439.2
442.4
444.0
440.0

No. 5

506.4
508.0
511.2
510.8
524.4

of vt rational motion of CuOq lanes

d o hibi
an 440-cm modes

i i two-mode behavior sin

for various I, 1:2:3bo
in e u02 planes asp as well. However,

oth of these modes v
' fes vary in frequency

Y& „Pr„Ba2cu307

x(zz)x

CP 6-
Ca
CP
0
w4-

~ ~
C

~ oal

C
a5

E
Cg

0 I I I

200 400

Energy shift (ctn I)
600

14
O
4P

~ 12C

O
0

~ eaC

a 10
CJ

C

8
CC

FIG. 1. Ramaman spectra for Yq Pr Ba C
ih ( ) I ri

' F'
a ion. our Ai mod

polarization and l bare abeled as shown. The
o es are allowed in tl

'
11S

od 5
' 'd f h

n
mo

' '
or e eye. The Raman i y

ottom spectrum i
intensity of only

intensities (also in Fig 2)
m is given. The otheer spectra have similar

~ ~

240 280 320 360

Energy shift (cm ')

FIG. 2. Ramaman spectra for Yi Pr

rs mo e mode 3).

400



4242 IN-SANG YANG, G. BURNS, F. H. DACOL, AND C. C. TSUEI 42

340:)
\

330—
I

0
320

R

310
C

LLI

300-

0.2 0.4 0.6 0.8 1.0

FIG. 3. The ~340-cm ' mode (mode 3) peak frequency vs
Pr concentration x. The spectral data from Fig. 2 and other
measurements are plotted. Two-mode behavior is clearly seen
for x=0.6 and 0.8 samples, and is indicated in the x=0.2 and
0.4 samples by larger linewidths. The dashed lines are guides
for the eye.

by only a small amounts (also see Table I) so that two-

mode behavior, even if present, would be unobservable.
Temperature dependences of Raman spectra of various L
1:2:3show that the 340-cm ~ mode decreases in fre-

quency below T„ss implying that this mode might be
related to superconductivity. Therefore, two-mode be-

havior of the 340-cm line of Yt Pr Ba2CusQ7 might
be related with the suppression of superconductivity in

the compound. On the other hand, it is possible that
the two-mode behavior is a general phenomenon, which

can be found in any mixed I 1:2:3system regardless of
superconductivity.

From the z(zz)z polarization data (Fig. 1 and Table I)
the Ba-A1s mode ( 115 cm ') and aPical oxygen O(4)-
Aqs mode ( 500 cm ') are seen to increase in frequency
with increasing Pr concentration, in agreement with pre-
vious work. The 500-cm mode, which is assigned
to the apical oxygen O(4) stretching against a station-
ary chain copper Cu(1), should decrease in frequency if

it follows the usual bond-length arguments, since the
Cu(1)—O(4) bond length is longer for higher values of
z. Contrary explanations have been given for the
increase in frequency of this mode, which are based on
the assumption that the Cu(1)—O(4) bond length short-
ens as z increases. However, frequency changes of the
340-cm ' and 500-cm modes seem to correlate well

with the estimated ionic radius of the rare earth for var-
ious I 1:2:3.

An increase in the frequency of the Ba-Ats mode
(mode 1) and the O(4)-Aqs mode (mode 5) could be due
to charge transfer between Ba and surrounding oxygen
[predominantly the apical O(4)] atoms as suggested from
our x-ray photoemission spectroscopy measurements.
This mechanism implies strong electron-phonon coupling
in the modes involving motion of Ba and surround-
ing oxygen atoms. Indeed, Cooper et al. ~~ show that
the 115-cm ' mode and the 340-cm ' mode ex-
hibit asymmetric Fano line shapes indicative of strong
electron-phonon coupling. The assignment of these
modes by Cooper et al. is different from ours. How-

ever, Mascarenhas et al. clearly identify the 145-cm
mode as the Ats mode of the copper atoms in the Cu02
planes, from copper-isotope-shift data. This is another
piece of evidence that Ba atoms may play an important
role in determining superconductivity via charge transfer
between Ba and neighboring oxygen atoms.

In conclusion, we have observed the Raman spectra
of Yt Pr Ba2Cus07 using z(zz)z and z(zz)z polariza-
tions. The eAect of Pr substitution is prominently seen
in modes involving Cu02 planes ( 340 cm '), Ba ( 115
cm ), and apical oxygen O(4) ( 500 cm ~). Two-mode
behavior is seen for the 340-cm ~ mode, whose aver-
age frequency decreases with increasing Pr concentration.
The small frequency variation of other modes involving
the motion of the Cu02 planes in various L 1:2:3, pre-
cludes the observation of the two-mode behavior of those
modes. We note that the increase in frequency of the

115-cm mode and 500-cm mode as z increases
could be related to the possibility of hole localization on
Ba sites as z increases.
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