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A Raman-forbidden phonon mode at about 840 ¢nis observed popularly on the surface of pure and
La-doped BjSr,_,La,CuQ;., (0=x=0.8) single crystals annealed in oxygen. A remarkable excitation de-
pendence of this additional line is found. Based on the properties of the structure of the Bi-O layer with excess
oxygen atoms and the similarity in the appearance of the Raman-forbidden modes beB&a€u;0, (R
=Y, Nd, Gd, Py and BpSr,_,La,CuG;.,, systems, we attribute the manifestation of this additional line to the
ordering of the interstitial oxygen in the Bi-O layers. Our results provide Raman evidences for confirming that
the ordering of the movable oxygen may exist universally in high-temperature superconductors.

It is well known that Raman experiments can provide rich  In this paper we report the finding of the similar Raman
useful information in the study on the rare-earth copper oxadditional phonon mode at about 840 ¢tinon the surface of
ide high-temperature superconductors. And, because of thtee pure and La-doped Bi-2201, J8ir, ,La,CuQ;,, with
sensitivity of the Raman mode to the local atomic-site coor0<x=<0.8, single crystals annealed in oxygen. This addi-
dination, the change of the atomic-site coordination will re-tional line also shows a marked resonance at the excitation
sult in significant changes of the Raman frequency and thenergy no more than 2.4 eV. We suggest this mode could
violation of some selection rules, which will allow the for- come from an infrared-active phonon branch due to a kind of
bidden Raman processes. A kind of Raman-forbidden modeéistribution of the interstitial oxygen in the Bi-O layers.
related to the oxygen vibration has been studied in Samples of pure and La-doped Bi-2201 single crystals
RBa,Cu0O, (R=Y, Nd, Gd, Py (Refs. 1-11 and were prepared as described in Ref. 16. Some cleaved crystals
R,_CeCuO, (R=Gd, Sm, Nd, Pr(Refs. 12—1psystems. were then annealed in,dor 10 and/or 36 h at 953 K. The
It has been pointed out that the forbidden modes are actRaman spectra were recorded by the Dilor Super Labram
vated in Raman from the infrared-active phonon branchesiith a typical resolution of +2 cm ! in backscattering
due to the order and/or disorder of the movable oxygergeometry at room temperature. The system consists of holo-
atoms>~° graphic notch filters for Rayleigh rejection and a microscope

Another interesting phenomenon is the striking resonantvith 50X objective lens allowing a spatial resolution of less
enhancement of these additional Raman lines, especially ithan 3 wm. The sources are an Alaser at 488.0 and 514.5
YBa,Cu;O,. Wakeet al studied the resonant behavior of nm and a He-Ne laser at 632.8 nm. The laser power arrived
two additional lines, at 232 and 597 ¢ for the fully oxy-  at the samples is about 0.8 mW. On the sample surface, the
genated YBaCu;O,, and found their resonance at 2.2 eV, local overheating is no more than~38.0 K controlled by
although Panfilovet al'* argued that the sample of Wake recording the anti-Stokes spectra.
et al. seems to be a slightly oxygen-deficient Y,Ba;O, Figure 1 presents the typical micro-Raman spectra of La-
with x=6.9. K&l et al® extended this study to the under- doped Bi-2201 single crystals with and without being an-
doped YBaCu;O, with 6.35=x=<6.87. Recently, Panfilov nealed in oxygen. For all spectra in Fig. 1, in addition to the
and co-workers*! reported the intensity ratio between addi- well-known intrinsic phonon modes at about 120, 460, and
tional 230-cm* line and main 340-cm® one becomes as 615 cni !, there are also several bands centered at about 155,
large as 30 in YBsCu;O, with T,.=66 K and found the 202, 330, 400, 655, and 720 crhinduced by orthorhombic
temporal changes of these forbidden modes under exposudistortion, superstructural modulation and/or extra oxygen in
of polarized laser light obeys the exponential-decay law wellsamples. Our spectra are similar to those recorded in pure
They attributed the phenomena to a metastable state andaad Pb and/or La-doped Bi-2201 sampleg? except the
kind of balance between photoinduced disordering and self?20-cm * band, which we have found popularly in La-doped
ordering processes of the oxygen in imperfect Cu-O chainssamples, and the peak at about 840 ¢nin the oxygen-
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2. patterns of the same samples in Fig. 1. The loga-
Raman shift (cm™) FIG. 2. XRD patt f th les in Fig. 1. The |

) rithmic diffraction intensity is also plotted.
FIG. 1. Raman spectra of gBr,_,La,CuG;,, single crystals

with and without being annealed in oxygen. The excitation lineWe also plot the dependence on the excited laser power for
Aexc=488.0 nm.(a) x~0.54. (b) x~0.80. The short lines denote the lines at about 460, 620, and 840-chin the inset of Fig.
the zero-intensity level for the spectrum immediately above. 3. It can be seen that the 840-Chline intensities linearly
depend on the excitation power. As discussed in Refs. 2 and
annealed samples. Because the assignment of the observed this linear dependence implies that the possibility of non-
phonon features is still ambiguous and sometimes controvefinear effects, which take place at higher excitations, can be
sial, although phonons in Bi-2201 have been intensivelyruled out. All these results strongly suggest that the addi-
studied by using Raman measureménté3we will discuss  tional 840 cm* line should be an intrinsic property of the
the common phonon modes elsewhere and focus our attenpxygen-annealed Bi-2201 samples rather than a feature due
tion on the 840-cm! peak appearing in the annealed to other phases.
samples in this paper. We plot the observed resonant enhancement of the addi-
The additional 840-cm' line is popularly observed on tional line in Fig. 4. The spectra are normalized to the inten-
the surface of more than 20 oxygen-annealedsity of the 460-cm® mode, respectively. From the inset of
Bi,Sr,_,La,CuQ;,, crystals with various La contemtfrom  Fig. 4(b), it can be seen that the additional line is noticeably
0 to 0.8, with or without superconductivity, in our experi- enhanced afor a little less thanthe 2.4 eV line(514.5 nm).
ments(see also Figs. 3 and.4There is no such mode in the The resonance effect is popular and reproducible although its
Raman spectra of the as-grown samples. And, we also findmplitude is sample dependent. The most pronounced reso-
that the Raman spectra recorded from the cleaved surfaces méince, with the intensity ratio for the 840- and 460-¢m
the annealed crystals are almost same as that of the as-grodimes as large as about 20, is found in several
samples and no additional lines have been observed. It Bi,Sr,_,La,CuQ;,, crystals withx~0.5.
implied that our annealing treatment has little influence on Because of its high frequency and no indication for being
the Raman behavior of the inner of the samples. maybe due two-phonon mode, the 840-crh mode can be assigned
to the relatively high dense of the single crystal. unambiguously to oxygen vibrations in Bi-2201. In the IR
Figure 2 gives the corresponding x-ray-diffractiotRD) study of Bi-based glasses an 840-chrmode has been ex-
patterns recorded on the surfaces of the same annealed crysnsively discussed and assigned to the totally symmetric
tals shown in Fig. 1. It can be seen that few peaks from angtretching vibration of the Bi® pyramidal group with the
possible secondary phase can be found with thér@m 5—  C;, symmetry>* And, an accompanied band around 860
80°, even the diffraction intensity is plotted logarithmically cm™? is due to the vibrations of strongly distorted Bi©c-
versus the 2 angle indicating the existence of only one tahedral group. At the same time, Miy&ji al. have pointed
single phase. Polarized Raman measurements, as shownduat that the distorted Bigoctahedron involves a BiQOspe-
Fig. 3, indicate the additional 840-crhmode has almost the cies when three Bi-O distances in the BiOctahedron are
same perfecA;; symmetry as other main phonon modes.nearly equaf®



11 326 BRIEF REPORTS PRB 61

10 I

CBiSr, LaCuo,  f i x~0.50 ¢ [ -
' "ok Te=24 K <[
- x~0.50 ; _ 150 Lol .1,

Tc=24 K 10° =R 620 202224
[ o . L E (eV)
B 10° 10" 10°

Power (mW) 514.5

(b)

Intensity (arb.units)
Intensity (art.units)

ol 1,
202224

E (eV)
XY
I (a)
N T T T T T T P PR B REPIEN REPURN BPUNN BTN BT MR T B |
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 10001100
. E . K
Raman shift (cm™) Raman shift (cm™)
FIG. 3. Raman spectra of oxygen-annealegSBi_,La,CuQ;., FIG. 4. Raman spectra of oxygen-annealegS8i ,La,CuG

single crystal k~0.50, T;=24 K) in thexx andxy polarization  single crystals for different laser-wavelength excitation. Inset shows
under the excitation ¢,.=488.0 nm. The inset shows the depen- the ratio of 840-cm* line intensity to that of 460 cm' versus the
dence on the laser power for the 460-, 620-, and 840ctine excitation energy(a) x~0.33, T.=27 K. (b) x~0.50,T,=24 K.
intensity, respectively.
) ‘the BiO; group chains according to these experimental re-

On the other hand, the structure of superconducting Bigyts are illustrated in Fig. 5, where only one possible kind of
2201 and its larger family BBr,Ca, 1ChOzn -+ 4+y (G€NT-  chain with extra oxygen atoms is given.
ally n=1, 2, or 3 were investigated energetically and sys- | the YBa,Cu;0, system, several explanations have been
tematically (see Refs. 26,27, and references thete¥RD,  proposed for the appearance of additional lines in Raman
neutron-diffraction, and high-resolution electron MICrosCopYspectra. As discussed and summarized in Ref. 11, the reason-
measurements have been used to analyze the structure of thgie explanation is that the short-range ordering of the chain
double Bi-O layers and the location of the extra oxyg&m> oxygen in underdoped YBEWO, gives rise to the
Studies on Bi_l§rl-8gg:uoﬁ+y and B osS1154-20.41CUGs .y Brillouin-zone folding effect and thus makes a fdwpoint
by Beskrovnyietal™ and Bb,Sp_xCuQs,y by Yama-  phonon states from an infrared-active phonon branch, which
moto et al>* have revealed that the structure in the Bi-O can be seen in Raman spectra.
layer of Bi-2201 is quite similar to that of Bi-2212. And, Based on the above discussion, similarly, we propose a
although lots of open questions still exist, it is generally be-yggel for the manifestation of the additional 840 chin

lieved that the Bi-O planes consist of zigzag BI-O chainsthe Raman spectra of the oxygen-annealed Bi-2201 crystals
based on the work of Bordett al.;”® with the repeated ap-

pearance of so-called rocksalt-type and oxygen deficient (@)
perovskite-type regions when excess oxygen atoms Bi-O laver
exist?*~%¢ / SPapaRarIrIRarIrarary y
The neutron-diffraction study of B{Sr,Ca}Cu,QOg. , has %% % B % % % b B %/ SrOlayer
revealed that the Bi cations are situated in a highly distorted

octahedrori® Of the three nearly perpendicular bonds of (b) WW . (B)i
2.0-2.2-A length, two of them are directed towards the oxy- WW ©
® extraO

gen neighbors in the Bi-O plane and the third to oxygen in s \ \
BiO, group

atoms in the Sr-O plane. Other two oxygen atoms are in the Chain fragment

Bi-O plane and one in the neighboring Bi-O plane and these

three anions are situated at the nonbonding distances 2.7-3.4 FIG. 5. Scheme of the BiQchains in Bi-2201(a) Ideal chain
A . The study of B} 155n g;CuQs., gave a similar picture in  arrangement without extra oxyge(i) A kind of model of the BiQ
Bi-2201 (see Table 3 and Fig. 3 in Ref. BT he schemes of chains with extra oxygen.
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due to the ordering of the interstitial oxygen in the Bi-O nealing process in oxygen used in this study may be helpful
layers. In the Bi-O layer of Bi-2201, the excess oxygen atfor the formation and distribution of the extra oxygen on the
oms will break the ideal Bi@chains, as shown in Fig.(5), surface of the crystals.

and chain fragments appear. These will change the site sym-

metry of BiO; group, for example, the BiQgroups at the In summary, we have found a Raman-forbidden phonon
end of chain fragments, anB-point odd-parity phonons mode at about 840 cit on the surface of oxygen-annealed
could become Raman active when only the inversion is lostpure and La-doped Bi-2201 single crystals. A remarkable
Thus the 840-cm! mode of BiQ, group may appear in Ra- resonance effect of this additional line is observed. We as-
man spectra due to Raman-infrared conversion when the aign this line to the phonon mode of oxygen vibrations in the
propriate distribution of excess oxygen forms. The reasomBiO; group and a kind of excess oxygen ordering in Bi-O
that appropriate distribution or ordering of the extra oxygenlayer make this mode Raman active from the conversion of
is taken into consideration instead of a simple explanation byn infrared active phonon branch. Our results provide Raman
using the Fralich electron-phonon interaction is that no ad- evidences for confirming that the ordering of the movable
ditional lines could be found in the as-grown samples wher@xygen may exist universally in high-temperature supercon-

enough excess oxygen also exists. We consider that the aductors.
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