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Abstract. The Raman spectra of insulating compound Bii.4Sr2.sFe209+6
have been measured and compared to these of the superconducting
BiiCaSr2Cu20sH which has isomorphic structure. The Raman lines
at 116, 157, 245, 288, 461-465 and 614cm- 1 has been assigned to definite atomic vibrations. Some earlier assignments of the Raman lines of
Bi2CaSr2Cu20s+6 have been reconsidered.
Pe310Me.
H3MepeHbl cneKTpbl KOM6HHaUHoRHoro pacceJIHHH cBeTa
{KPC) H30JIJITopa Bi2.4Sr2.6Fe209+6 H npoBe,n;eHo cpaBHeHHe co cneKTpoM CBepxnpoBO.n;HHKa c H30MopqJHoli cTpyKTypoli Bi 2CaSr2 Cu2 Os+6.
JlHHHH KPC npH 116, 157, 245, 288, 461-465 H 614cm- 1 OTHeceHbl K
onpe,n;eJieHHblM aTOMHblM KOJie6aHHJIM. IlepecMaTpHBaIOTCJI HeKOTOpble
H3 npelKHHX HHTepnpeTal.{HH ,n;JIJI JIHHHH B cneKTpe KPC coe.n;HHeHHH
BiiCaSr2Cu20s+6 ·

1. Introduction

The insulating compound Bi 2Sr3 Fe 20 9+6 has a structure very similar to the one of
Bi-based superconductor Bi 2CaSr 2Cu 20s+o (2122) [1,2]. In a rough approximation
both compounds are characterized by a tetragonal unit cell (a~ b ~ 3.8 A, c ~ 31
A) consisting of consequent Bi-0, Sr-0, Cu-0 (Fe-0), Ca(Sr-0), Cu-0 (Fe-0), Sr-0
and Bi-0 layers, parallel to the ab planes (Fig.I).
The refined structure exhibits additional modulation along the a axis, which is
incommensurate for Bi2CaSr2Cu20s+o and commensurate for Bi 2Sr3 Fe209+6 with
4.76 and 5 times the subcell period along a, respectively. It is commonly accepted
that the modulation is caused by insertion of extra oxygen atoms in the double Bi
layers, resulting in periodic rearrangement of the atoms in these layers [2].
@1993 St. Kliment Ohridski University Press All rights reserved
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3. Results and Discussion

Fig. 2 shows the Raman spectra c

d), collected at incident and

Fig. 1. Elementary cell of BbCaSr2Cu20s(BbSr1 Sr2Cu209) in tetragonal 14/mmm
1
(D!~) approximation. The 06 atoms are present for only BbSr Sr2Cu209

The Raman spectra of Bi 2CaSr 2Cu 20s+o have been studied intensively and the
positions and symmetries of the most intense Raman lines at 115- 117, ~ 300, 460465 and 625-635 cm- 1 have been firmly established [3]. There is, however, little
concensus concerning the assignment of observed lines to definite atomic vibrations.
It is reasonable to expect that the comparison of polarized spectra ofBi2Sr3Fe209+6
and Bi 2CaSr 2Cu 20s+o could help the assignment of the Raman lines, as the substitution of Fe for Cu should affect most strongly the Raman modes involving mainly
vibrations of atoms in Cu-0 (Fe-0) planes.
In this work we pesent results of comparative studies of Raman scattering from
microcrystals of Bi2+xSr3_xFe209+o and Bi2CaSr2Cu20s+o . The assignment of
Raman lines of Bi2+xSr3_xFe209+6 to definite phonon modes is discussed.
2. Experimental

Single crystals of Bi2+xSr3_xFe 20 9+6 (up to 3 mm in the longest dimention) and
polycrystalline samples of Bi 2CaSr 2Cu 20s+o have been prepared following procedures described elsewhere [5]. The crystallographic structures were confirmed by
means of X-ray and electron diffraction. The SEM microanalysis showed that the
actual composition was Bi 2.4Sr 2.6 Fe 209+o, i.e. part of Sr atoms are replaced by Bi.
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It is worth noting that similar substitution of Bi for Sr( Ca) has earlier been observed
for the Bi-2122 system (see e.g. [6]). No significant differences, however, could be
found between the Raman spectra of non-stoichiometric [6) and stoichiometric [7)
Bi-2122 single crystals.
The Raman spectra were collected at room temperature in backward scattering
geometry from the as grown single crystal surfaces of Bi2.4Sr2.sFe209+6 and from
microcrystals of typical size 10 to 100 µm exhibited on polished or as grown surfaces
of polycrystalline pellets of Bi2CaSr2Cu20s+6. A triple multichannel spectrometer
(Microdil 28) was used in conjunction with a microscope (objective x 100) for both
focussing the incident laser beam (>.L = 488.0 or 514.5 nm, Pr, < O.lmW, laser
spot diameter 1-2 µm) and collecting the scattered light. The typical acquisition
times were 3000 to 10000 s.

3. Results and Discussion
Fig. 2 shows the Raman spectra of Bi 2.4Sr2.sFe209+6 (a, c). Bi2CaSr2Cu20s+6 (b,
d), collected at incident and scattered polarizations perpendicular and parallel to
chosen straight edges of the corresponding microcrystals, respectively. The spectra
(a) and (b), further assigned as Type I or z z are dominated by the high frequency
peak at 614(630) cm- 1 , whereas the spectra (c) and (d) (Type II or xx/yy) by the peaks at near 460 cm- 1 and 116(120) cm- 1 . Except for these lines, weaker
lines are observed at 157, 245, 288 and 414cm- 1 for Bi 2.4(Sr1 Sr)2.6 Fe 20 9+6 and at
220, 285-300, 330 and 414cm- 1 for Bi2CaSr2Cu20B+6· The comparison with the
Raman spectra of Bi-2122 single crystals measured in exact scattering geometries
[6, 7) makes reasonable to assume that the Type I and Type II spectra correspond
to light polarization parallel and perpendicular to the c-axis, respectively.
The structures of both compounds under study are very similar and could be
described in a first approximation by the 14/mmm (D!h) space group. Therefore,
it is convenient to discuss the Raman scattering results in the framework of the
tetragonal 14/mmm group, bearing in mind that the lower symmetry of the actual
structure should, in principle, influence the Raman spectrum towards its complication.
The nuclear site analysis [8) for the 14/mmm structure (Table 1) shows that the
atoms in sites, which are centres of inversion, do not contribute to Raman-active
phonon modes and vice versa. Hence, except for the atoms of the Ca(Sr1-06) planes,
the vibrations of all other atoms are Raman-active.
In the further discussion one has to take into account that the frequency of
a definite normal mode, involving vibrations of mainly one type of atoms is determined by its mass and by the shortest interatomic distances. It follows from
Table 2 that the corresponding distances in Bi 2Sr3Fe 20 9+6 and Bi2CaSr2Cu20s+6
are nearly the same and, hence, one expects close frequencies of the Raman-active
modes involving vibrations of the atoms of Bi-04,05 and Sr-03 planes higher frequency of the vibrations of the Fe atoms in Bi 2Sr1Sr 2Fe20 9 than the corresponding
vibrations of Cu in Bi2CaSr2Cu20s.
The xx/yy polarized line at 120 cm- 1 in the spectrum ofBi2.4(Sr 1 Sr)2.sFe209+6
is practically unshifted (116 cm- 1 ) and also xx/yy polarized. This is consistent with
earlier assignment of this line to the A 19 mode invoving vobrations of mainly Sr
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Table 1. Site symmetries and f-r

630

Atom

Site symmetr

Bi
Ca(Sr1)
Sr
Cu(Fe)
01,02
03
04,05
06

Ctv(4)
D4h(2)
c•• (4)
C4.(4)
C2.(8)
Ctv(4)
Ctv(4)
D4h(2)

TOTAL: Bi2CaSr2Cu20s
Bi2Sr1Sr2Cu209
RAMAN ACTIVE:

Table 2. Some interatomic dista
Bi2CaSr2Cu20s+6 (9)

Bond
Fe(Cu)-01
Fe(Cu)-02
Fe(Cu)-03
Sr-01
Sr-02
Bi-03
Bi-04,05
(interplaner distance)

I

{c)

~1~

I
630

I

(d)

~

ioo

Raman shift, cm -i

600

Fig. 2. Polarized Raman spectra of Bb.4Sr2.6Fe209+6 (a, c) and Bi2CaSr2Cu20s+6 (b, d).
The Type I spectra (a, b) correspond to (zz), whereas the Type II spectra (c, d) to (xx/yy)
scattering configuration

atoms along the c-axis [7).
The origin of the line at 157 cm- 1 is less clear. For Bi 2 CaSr 2 Cu 2 0s+o a weak
line near 160 cm- 1 has been reported earlier [3, 4, 7) and assigned to stretching
vibrations of Cu along the c-axis [7]. The insensitivity of the line frequency to the
Fe for Cu substitution, however, cannot be explained within such an assignment.
It is reasonable to assume that the A 19 mode of Fe(Cu) is represented by the
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r-point phonon modes

Site symmetry

Atom

630

Bi
Ca(Sr1 )
Sr
Cu(Fe)
01,02
03
04,05
06

C4v(4)
D4h(2)
Ch(4)
C4v (4)
C2v(8)
Ctv(4)
C•v(4)
D4h(2)

TOTAL: BhCaSr2Cu20s
Bi2 Sr1Sr2 Cu2 09
RAMAN ACTIVE:

A1g
A2u
A1 9
A1g
A1g
A1g
A1g
A2u

+ A2u + Eg + Eu
+Eu
+A2u + Eg + Eu
+ A2u + Eg + Eu
+ A2u + B1g + B2u + 2Eg + 2Eu
+ A2u + Eg + Eu
+ A2u + Eg + Eu
+Eu

6A1g + 1 A2u + B1g + B2u + 1Eg + 8Eu
6A1 9 + 8A2u + B1 9 +B2u + 1Eg + 9Eu
6A1 9 + B1 9 + 1E 9

Table 2. Some interatomic distances in the real structure of BhSr1Sr2Cu209+6 [2] and
BhCaSr2Cu20s+6 [9]
Interatomic distance,

465

I

(c)

~14'

I

57
I

600
9t6 (a,c) and BhCaSr2Cu20s+6 (b, d).
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A

Bond

Bi2 Sr1Sr2Cu2 09+6

Bi2 CaSr2 Cu2 Os+6

Fe(Cu)-01
Fe(Cu)-02
Fe(Cu)-03
Sr-01
Sr-02
Bi-03
Bi-04,05
(interplaner distance)

1.85
1.77
2.46
2.39
2.60
2.03
3.03

1.93
1.91
2.47
2.45
2.66
2.16
3.09

line at 245 cm- 1 for Bi2.4(Sr1 ,Sr)2.6Fe 209+o and at 220 cm- 1 for Bi2CaSr2Cu20s+6.
Taking into account only the mass ratio (mcu/mFe) 112 : : : : 1.05, hardening of this
line by 10-12 cm- 1 is expected in the case of Bi 2Sr1Sr 2 Fe 20 9+6. The stronger shift
of 25cm- 1 finds explanation in the six-fold co-ordination of Fe atoms (compared
to the five-fold co-ordination of Cu atoms in Bi 2 CaSr 2Cu 20 8+6.
The weak peak at 288cm- 1 in the xx/yy spectra of Bi 2 .4(Sr1,Sr)2.6Fe209+6
has its counterpart in the spectrum of Bi2CaSr2Cu208+6· No structure near 310330 cm- 1 , however, is observed for the former compound although it is definitely
present for our Bi2CaSr 2Cu 2 0 8+6 sample in consistence with earlier reports [3, 4,
6, 7]. It has been found that the line observed at 282cm- 1 [4] or 275- 1 [7] for
Bi2CaSr2Cu20s+6 is of B19 symmetry and, hence, it corresponds to the out-ofphase out-of-CuO-plane vibrations of the 01,02 atoms. One expects the B19 mode
to harden upon substitution of Fe for Cu and therefore the line at 288 cm- 1 is rather
due to tetragonally Raman forbidden modes, related to vibrations of oxygen of the
Bi-0 layers, as discussed earlier for the 296-313 cm- 1 lines of Bi 2 CaSr 2Cu 20s+6
[4,7].
The origin of the phonon line at 457-465 cm- 1 in Bi 2CaSr 2Cu 20 8+6 has been
often discussed and contraversially assigned to 03 stretching vibrations along c [4],
out-of-phase [6] or in-phase vibrations along c of 01, 02 atoms of the Cu-0 planes
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[7) . The same frequency of this mode for Bi 2.4(Sr1 ,Sr)2.sFe209+6 is consistent with
its assignment to motions related to 03 rather than to 01, 02 atoms.
The high frequency line at 614 cm- 1 for Bi 2.4Sr 2.6 Fe 20 9+6 and at 630 cm- 1 for
Bi 2CaSr 2Cu 20 8 +6 is obviously of the same origin in both compounds. This line
has been contraversially assigned for Bi 2CaSr2Cu20s+6 to either Alg mode corresponding to in-phase out-of-CuO-plane vibrations of 01, 02 atoms [6, 7] or to Alg
out-of-BiO-plane vibrations of 04, 05 atoms [4) . Due to the strengthening of the
01 , 02 bonds, one expects shift towards higher frequencies upon Fe for Cu substitution for the Raman modes involving vibrations of 01, 02 atoms. The experimental
results are inconsistent with these expectations and thus the assignment of the 630
(614) cm- 1 to 04, 05 vibrations is more reasonable.
4. Conclusion

We have measured the Raman spectra of insulating Bi2.4Sr2 .sFe209+6 and superconducting Bi 2CaSr2Cu 20 8 +6. On the basis of comparison of the Raman line
frequencies of these isomorphic compounds and taking into account the similarities
and differences of the interatomic bonds, the main Raman lines have been assigned
to definite atomic vibrations and some earlier assignments of the Raman lines of
Bi 2CaSr 2Cu 20 8 +6 have been reconsidered .
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1. Introduction

Intensive study of chloride black
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properties [1-5). It has been fom
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