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Annealing disorder and photoinduced order of oxygen chains in detwinned YBgCu;Og g5 Single
crystals probed by Raman scattering
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Raman scattering in detwinned YR2u;0q ¢5 Single crystals is studied as a function of photoexcitation and
annealing. Copper-oxygen chain-related forbidden Raman bands that are known to strongly bleach with illu-
mination at low temperatures, increase their intensity with chain fragmentation induced by annealing at high
temperature. This contrasting behavior proves the conjunction of short Cu-O fragments into longer chains on
photoexcitation. We interpret the Raman modes as due to vibrations at the end of CuO chain fragments and
Cu-O-Cu monomers, and use their evolution with illumination and annealing as anisotropic sensitive markers
of oxygen reordering processes. The identification of the “forbidden” Raman bands is discussed in the context
of our results and recent literature in the subject. We also present absorption measurements performed on
GdBgCu;0, thin films with varying oxygen content. These experiments show that the 2.2-eV absorption and
the chain-related Raman peaks have different dependencies with oxygen content and illumination, ruling out an
explanation that suggests that the Raman intensity reduction of these modes is due to a photobleaching of
intermediate defect states. These results highlight the potentialities of Raman scattering for oxygen dynamics
studies and demonstrate the presence of photoinduced oxygen ordering in the3e higherconductor
compounds.

[. MOTIVATION vacancie$:® In the first model, the photoexcitation is thought
to induce oxygen ordering into longer chains, which are
The physical properties of YB&u;O, depend critically  known to constitute better hole dopariésxd hence electron
upon oxygen content, and on the way in which oxygen atomgraps than shorter fragments.in the second model, on the
are rearranged in the bad&@u(1)-O(1)"“chain” ] planes. In  other hand, the photoexcited electron is trapped into an oxy-
fact, several phases characterized by different chain order agen vacancy in the Cu-O chain layer, leading to a local dis-
possible and can coexist for a given oxygen content, theitortion that acts as a barrier for recombinatfoh.
detailed structure being a determinant of the Gyne car- Raman scattering is a microscopic technique sensitive to
rier doping and through it of the superconducting propertiegthe atomic rearrangements taking place during annealing and
of the material. This structure depends on the thermal historphotoexcitation. The first report of optically induced meta-
of the sample: quenched samples show an increask, of stabilities in the Raman spectra of detwinned ¥B8&0,
with time (typically days at room temperatyrevhich has  (fully oxygenated single crystals was published in 19%1.
been assigned to a reordering effect through formation oHowever, at that time no complete assignment of the ob-
longer chaing:? Based on transport measurements, it haserved spectral features was available. The field of PPC and
been proposed that oxygen ordering can also be induced BS, on the other hand, had not yet fully develop@din
continuous illumination, and that this effect would be at theearly Raman study devoted to the microscopic identification
origin® of the phenomena of persistent photoconductivityof photoinduced changes linked with PPC and PS was re-
(PPQ and photoinduced superconductivif9.3~° Notwith-  ported on underdoped YB&u;Og 4 films.X® This latter study
standing the years passed after the discovery of PPC and RStablished the reduction of the two-magnon peak associated
it has only been recently, probably motivated by the identi-with the antiferromagnetic order existent in the insulating
fication of some chain-related modes, that Raman-scatteringhase, in agreement with the idea of photoinduced doping of
experiments have been reported bringing important insighthe CuQ planes. However, due to the low oxygen content of
into the problemt®-12 the film studied the reported spectra did not show Raman
It is known that illumination with visible or UV light lines related to CuO-chain vibrations and thus clear signa-
induces an increase in the conductiiBPQ and the super- tures of photoinduced oxygen rearrangements were not de-
conducting critical temperaturéPS of oxygen-deficient tected.
YBa,Cu;0, .3 These changes are metastable if the sample We have recently reported a Raman study of photoexci-
is kept at temperatures below 250 K, and relax back to theation and oxygen disorder effects on GgBa;O, thin films
equilibrium state at higher temperatures. It is generallywith x ranging from 6.5 to 7! These results rely on chain-
agreed on that the phenomena are due to photodoping of thelated forbidden Raman lines assigned to vibrations at the
Cu0, planes by electron-hole pair excitation. The electronend of Cu-O fragment$!” Based on this assignment, the
trapping mechanism, however, has not been conclusively eseported results provide evidence for the conjunction of short
tablished. Basically two scenarios are considered, namelZu-O fragments into longer chains with photoexcitation, thus
photoassisted oxygen orderh@nd trapping at oxygen strongly supporting the oxygen ordering model of PPC and
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PS3 Almost at the same time, however, other Ramanform through the crystal surface, also indicative of a well
scattering investigations of the photoinduced metastabilitiesletwinned sample.

were reported®!? Interestingly, in an alternative picture,  The GdBaCu;O, thin films described here are the same
Kall et all® interpret the observation of the CuO-chain- used for the Raman and PPC experiments reported in Ref. 11
related lines as due to a resonant Raman process mediated®yd Ref. 20, respectively. Fabrication details may be found
electronic defect states located at the chains, without anthere. Typical film thicknesses were around 2000 A. The
assumption on the details of the related chain vibratids. 0xygen content of the samples was adjusted in a controlled
This picture heavily relies on the 2.2-eV absorption featuréN@nner using the isostoichiometry line annealing meffiod.
identification as a signature of these defect states. Thus, thedmMples with nominal oxygen content frors=6.35 to x

conclusions drawn from the two pictures, regarding the PPC /_Were studied. _ _ _
and PS phenomena, differ. Raman spectra were collected with a triple Jobin-Yvon

In order to test these contrasting interpretations of the! ©4000 spectrometer equipped with a liquig-tboled

observed photobleaching of Raman lines in ¥8a;0, , 11! charge-coupled-device camera. The 514.5-nm line of an Ar-

we present Raman scattering experiments as a function (i)qn laser was used for excitation in an almost backscattering
annealing and photoexcitation in oxygen-deficient detwinne@€Ometry. For the detwinned crystals, Raman spectra were

YBa,CuzO5 g5 Single crystals that extend previously re ortedacquirecj asa function of annealing WiFh light polarized par-
Rarﬁan%stjgi?as ir? Gdgé:uso thin films 11pAs compyareg to allel or perpendicular to the Cu-O chains, and as a function
X ;

thin films, in detwinned single crystals the selection rulesOf illumination time with light polarized parallel to the Cu-O

enable a more precise identification of the Raman modes. Iﬁha';‘::' D;rlng thz |![Ium|rrlat|<:_n perlodslthe sarge Ia?ﬁr Ill'nit
addition, anisotropy sensitive studies of the chain oxyge Sed for Raman data collection was aiso used as the lig

dynamics are possible providing further evidence for thesource for photoexcitation. We verified, by measuring Stokes

mode assignment and for the understanding of the physicé\nd anti—Stok'es components of the Raman spectra, that laser-
processes under play. We also report transmission measuHE'—duceOI heating of the sample was kept below0— 20 K. .
ments performed on a series of GdBa,0, thin films. We In all cases the sample temperature and laser power density

argue that the oxygen content and photoexcitation deperYyere such that changes of oxygen content due to in or out

dence of the 2.2-eV absorption is not compatible with thedifoSior.‘ (as in Rgfs. 16 a}nd “:Ol.“d be ruled out. For the
bsorption experiments in thin films a halogen lamp was

defect resonance interpretation of the Raman liné®

bleaching!® These results agree with the accepted assi nli'sed as light source. The transmitted light was dispersed
ment of tg;e chain-end mod]égsw'”highlighting theFi)r poten- 9"With the Raman spectrometer and detected with a photomul-

tialities as fragment counters in chain oxygen dynamics studt-Ipller .W'th. conventlo_nal photoq counting techmqges. The
canning times and light intensity were set to avoid related

ies. Furthermore, we believe that they provide conclusivésh i itati ffects. Tvical luti d2-3
evidence for the contribution of chain oxygen ordering to thePnotoexcitation etiects. lypical resoiutions were around 2=

phenomena of PPC and PS cm ! and 2 nm for the Raman scattering and the absorption
The paper is organized as follows. Section Il describes th&Pectra, respectively.

samples and the experimental setup. In Sec. Ill we present

our results and discussion, and some conclusions are be-

stowed. IIl. RESULTS AND DISCUSSION

A. Raman scattering

We begin describing the room-temperature2b °C) Ra-

man spectra collected with both ttea,a)z and z(b,b)z

The YBaCuO, crystal was prepared using the flux- scattering configurationdabeled with Porto’s notatidt) in
growth technique with Yttria stabilized ZgQtrays, as de- a YBaCu;Og g5 detwinned single crystal, and shown in Figs.
scribed in Ref. 18. No impurities were found in the crystall(a) and Xb) with thick solid curves. Spectra acquired for
using energy dispersive spectroscopy with a scanning elethe sample annealed at higher temperatures are also shown in
tron microscope. The detwinning process is dasegrown Fig. 1 and will be discussed afterwardsandb correspond
by applying uniaxial pressure at 550 °C in an oxygen atmo+o the crystal directions perpendicular and along the Cu-O
sphere. In a first step, oxygenation upxte 7 (optimal dop-  chains, respectively. The spectra are characteristic of a well-
ping) was performed by annealing the crystal for 15 days atletwinned oxygen deficient YB&u,O, single crystaf>~2°
450°C in oxygen atmosphere. Zero-field ac susceptibilityPhonon lines due to Raman-acti@-polarizedA, symme-
measurements showedTa of 92 K with 1 K superconduct- try modes are observed at 110 ¢hm(Ba), 140 cm?
ing transition width, as derived from the 90—10% jump at(CuO,-plane copper 330 cm ! (pseudotetragond, 4 sym-
the transition. In a latter step, the oxygen content was set smetry CuQ-plane oxygen out-of-phase mgdand at 442
as to maximize the Raman signals due to chain-end modesm™! (CuO,-plane oxygen in-phase mode
Deoxygenation down ta=6.65 was achieved by annealing  Besides these Raman-allowed bands many additional
the crystal for 12 days at 450°C at a controlled oxygenspectral features usually appear in oxygen-deficient
pressuré? At this latter stageT.=61 K with a transiton YBa,Cu;O, samples. Due to local changes of the atomic
width of 1 K. Inspection using a microscope with polarized environment otherwise Raman-forbidden modes are
light showed that the crystal was well detwinned. Polarizedactivated?® ° lliev et all’ have identified some of these
Raman spectraparallel and perpendicular to the CuO bands as due to a superposition of the ortho-I, ortho-Il, and
chaing taken with spots o~=50 wum diam were highly uni- tetragonal structures. In our spectra, the two small peaks ob-

Il. SAMPLES AND EXPERIMENTAL SETUP
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() Anncoied a 220 2o precise assignment of the modes and the identification of the
Avmealed at 250" 1 induced metastability differ. In order to clarify this central

issue we have carried out Raman-scattering studies as a func-
tion of annealing, in addition to illumination. If photoin-

Annealed at 90G duced chain ordering is playing a role in the PPC phenom-

(b) zaa)z ena, as proposed in Ref. 3, annealing-induced chain disorder
T = Tomst at high temperatures should be viewed as a sort of opposed
process to photoinducticfi. Moreover, detwinned single
crystals enable anisotropy sensitive studies that can provide
further insight into the mechanisms under study.

Anpealed at 25C

Raman intensity [arb. units]

(¢ 2(bb)z In Fig. 1 we show such experiments performed on the
Beforeilmination Tomn = 77K YBa,Cu;Og 65 Single crystal. Par{a) displays the Raman
va spectra obtained for(b,b)z configuration at different an-
Mg s = nealing temperatures. This Raman geometry is sensitive to
Afer ijuniination the b-oriented chains? Figure Ab) shows similar spectra

100 200 300 400 500 600

Raman shift [em"] along a [z(a,a)z configuratior, sensitive toa-oriented

chain fragments. Note that in these latter spectra the intensity
FIG. 1. Raman spectra taken under different annealing and ph@f the 230 cm* and 264 cm® lines are inverted with re-
toexcitation conditions(a) z(b,b)z configuration(sensitive to the ~ spect to thez(b,b)z configuration, showing that the signals
b -oriented fragmenjsat three different annealing temperatur@s.  are intrinsic to thea direction and not due to polarization
z(a,a)z configuration(sensitive to the-oriented fragmenjsat two ~ leakage. Finally, spectra measured at 77 K before and after a
different annealing temperatures. Note the inverted intensity of théong exposure to laser illumination are presented in part
230 and 264 cm' lines with respect to the-polarized spectra. In oy z(b,b)?geometry. The chain-related modes ilﬁa,a)?
(@ and (b) the thicker curves correspond to the room-temperature:gnfiguration were too weak to allow a reliable photobleach-
spectra (25 °C)(c) z(b,b)z configuration before and after illumi- jng study. Several observations can be drawn from these
nation at 77 K. spectrai(i) most parts of the spectra are independent of illu-
__mination or annealingexcept for some small broadenings in
served at 181 cm' and at 495 cm* [most clear foz(b,b)z  the latter case (i) changes are observéul the same spec-
polarization at 77 K, Fig. ()] can be associated with tral regions for the two processes, on the chain-related
ortho-Il components’ The peaks that will be the subject of modes involving coppef230—290 cm?) and oxygen(450
our research here, on the other hand, are those observed hes00 cm!) vibrations; (iii ) bleachingof these modes oc-
tween 220 and 290 cnt. Three peaks can be distinguished curs on illumination, and aincreaseof their strength is
in our room-temperature single-crystal spectra in this specobserved on annealingy) for these chain-related modes the
tral region: one narrow peak around 224 {230 cmm*at  intensity increases along monotonically with annealing
77 K), and two overlapping features with maxima at 254temperaturgFig. 1(b)], but behaves nonmonotonically along
cm ' and 281 cm*' (264 cm ! and 289 cm! at 77 K, b, where an increase followed by a decrease is obsdRigd
respectively. We note that, for the thin films reported in Ref. 1(a)].
11, only one broad line centered around 270 ¢raould be The qualitative observations discussed above are quanti-
identified instead of these latter two peaks. The three linegatively displayed in Figs. 2 and 3. Figure 2 presents the
we will analyze are characterized by a Raman tensor withillumination time dependence of the peak intensity for the
only ay,#0, thus suggesting their connection with Cu-O three forbidden Raman modes assigned to chain Cu vibra-
chain vibrations In addition, the associated frequencies in-tions. For reference purposes, the intensity of the 337%m
dicate that they are copper-related modes. For the same reB;, Raman-allowed mode is also shown. The signal intensity
sons, the large broader peak appearing alsa(forb)z con-  is defined as the peak area obtained from Lorentzian function
figuration around 580 ciit is associated witloxygen atom fits to the data. While thB,4 mode is clearly independent of
vibrations in finite chaind®!” However, since it is usually illumination time, as expected, the Cu-chain modes are opti-
overlapped with a disorder-induced polarization independengally bleached down to almost complete suppression. This
signal, quantitative analysis based on it is more cumbersoméesult coincides with those previously reportéd:>*4in ad-
In their pioneer work on photoinduced metastabilities ondition, it confirms our previous observatigrthat the forbid-
the Raman spectra of YB&u;O, single crystals, Wake den mode at 230 cit (corresponding to the larger chain-
et all* showed that these chain-related modes are opticallyelated peakdecreases with illumination time relatively less
bleached for photon energies in the visible spectrum. Tha&nd with a slower rate as compared with the smaller peaks
metastability of the photoinduced state is evidenced by th@round 264 cmt,
fact that, in the dark, the bleached lines reappear with a The temperature dependence of the 230 tipeak inten-
temperature-dependent recovery time indicative of an activasity is shown in Fig. 3 for polarizations alorayand b, and
tion mechanisn® These observations were recently used incompared with the corresponding dependence of Bhg
a series of Raman studi@s'?devoted to understanding the mode. TheB;4 mode integrated intensity remains constant in
microscopic origin of PPC and PS. Though all these workshe studied temperature range. In contrast, the same forbid-
conclude that the CuO chains are related with the observeden peaks susceptible to optical bleaching display a clear
forbidden Raman peaks and with the PPC phenomena, thanisotropic annealing temperature dependence. For light po-
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12— T T T T in the CuO-chain basal planes, there have been two contrast-
ing interpretations of the microscopic process involved:
photoinduced ordering of the CuO-chafisand the photo-
induced reduction of the number of intermediate-step reso-
T nant electronic statéd.In order to account for the oxygen-
concentration dependence of the intensity of the
“forbidden” Raman lines, which are maximum around
=6.7 and disappear for=6.5 andx=7, Kal et al® con-
cluded that theelectronic defect stateshould be localized at
the chain ends. This contrasts with Ref. 11 where this con-
clusion follows from the assignment of tiphonon modeas
being localized at chain end$.’ Note that the stable oxygen
structures forx=7 andx=6.5 are the so-called ortho-I and
ortho-1l structures, characterized both by infinitely long

Raman Intensity [rel. units]

50 100 150 200 chainst! The most important fact supporting the “resonant
lllumination time [minutes] localized state” model is the existence of a rather strong
Raman resonance of the chain modes for laser excitations

(integrated area of Lorentzian fits to the daflar the By Raman — ghsorption feature at that energy that is claimed to bleach
allowed peaksolid squares and for the chain-related “forbidden” ;4 jjjumination? Elucidation of this point is central to the

ol

copper modes at 230 cm (full circles), 264 cmi * (open squarés
and 289 cm? (full triangles. The data correspond to spectra taken
at 77 K.

discussion, in view of the implications that each scenario has
respect to the two models proposed at the origin of PPC and
PS. In fact, within the scenario proposed byllket al° no
larized alonga, where the signals are almost unobservabledéfinitive conclusion can be drawn from the Raman data: the
under normal conditions, the forbidden modes continuouslypleaching of Raman lines could be due both to the filling of
develop with increasing annealing. Along the chaib}, on  intermediate defect electronic states, or to the ordering in-
the other hand, the signal first starts increasing its strengthljuced decrease of chain ends. The first possibility would be
but decreases afterwards for larger chain disorder. We noteonsistent with the vacancy model of PPC and (BS the
that similar experiments performed onc-textured assumption that the chain-end electronic states are related
GdB&Cu;0y thin films showed a continuous increase of thewith such trapping centexswhile the second would be con-
chain modes Raman signal with annealing temperafuiée  sistent with the photoinduced chain-ordering model.
believe these results provide strong evidence of the intimate |n order to clarify this point we have performed low-
relation between chain ordering and the observed photoinemperaturé80 K) transmission measurements on a series of
duced metastabilities, and bring important information usefudeahCLbox thin films with nominal oxygen content rang-
for the assignment of the observed modes. This discussiqﬂg from x=6.35 tox=7, before and after long exposures to
will be further developed below, after presenting our ransygn nower green laser ligi614.5 nm. The films thickness
{_nlssu?n data obtamedtont_GdgabOX thin films as a func- (around 2000 Awere such that sufficient laser illumination
lon of oxygen concentration. along the full depth sensed by the transmission measure-
ments could be assured. Representative transmission data
corresponding to some of the studied samples are displayed
Though it is quite clear from the above-presented Ramai Fig. 4, for the energy region of interest. A small absorp-
data that the photoexcited metastability is linked to changegon is observed around 2.2 eV, that broadens and blueshifts

B. Absorption

b with increasing oxygen content. This feature is clearer for
pof © STem ] X=6.35, almost unobservable at=6.7, and disappears in
T | ® 20em k0 A the “fully oxygenated” sample. These observations agree
g 20[ 4 20emi(a) R with the spectroscopic ellipsometry results reported by
E 181 4.7 a 1 Kircher et al. (see Figs. 4 and 5 in Ref. 27and do not
2 16l 1 follow the same oxygen content dependence as the intensity
_.E 14l 1 of the “forbidden” CuO chain-related Ram_an lines. The lat-
5 (ol Coa ] ter are not present fox=6.5, are well defined only fox
E ’ >6.5, have a maximum around=6.7, and disappear in
g 10 Fo%svo P el g ] fully oxygenated samples correspondingxte 7 2% More-
e 08f ¢ 1 over, we have not observed within our experimental error
any difference of the absorption spectra taken before and

0

Bl e

20 30 4?;3 eefatZ?e ?g} 90 100110 after laser-light illumination. An example of this is shown in
P Fig. 4 forx=6.35.
FIG. 3. Annealing temperature dependence of the Raman inten-

sity (integrated area of Lorentzian fits to the dafar the B,4 Ra- ) )

man allowed peakopen circlel and for the chain-related “forbid- C. Discussion

den” copper modes at 230 cm in z(b,b)z configuration (full Two related issues need to be discussed: first, the assign-

circles andz(a,a)z configuration(full triangles. ment of the additional Raman lines in the spectral region
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YBa,Cu3;?0g , microcrystals with*0, indicates that a peak
in the same spectral region appears upon the incorporation of
oxygen atoms at the chain sites, disappearing later for in-
creasing mean chain lengtfsA group theory analysis of
the proposed Cu-O chain fragment modes can be found in
Ref. 16. Second, this assignment is also consistent with the
copper and oxygen Ramalowed vibrations of thedouble
Cu-O chains of the “124” YBaCu,Og compound?® ob-
served around 250 cm. Third, these modes have maxi-
mum intensity aroundk=6.7, and are not observed far
, . , . =6.5 andx=7, for which the most stable ortho-II and
1.6 18 20 22 24 26 ortho-l structures, respectively, are characterized by infi-
Energy [eV] nitely long chains. All vibrations involving the movement of
FIG. 4. Transmission spectra taken at 77 K for GgBa0,  &0ms in these “infinite” chains are Raman foybidcféﬁ?
thin films of different oxygen content. Note the small absorption 1€ reason for the activation of these modes in finite frag-
observed around 2.2 eV, probably associated with the “yellowMents can be easily explained in a practical way starting
resonance”(Ref. 14 of the CuO-chain-related additonal modes. from a bond-polarizability mode(BPM), as explained in
The dashed curve was taken without moving the sample after a longef. 11. The BPM implies that the main part of the observed
expossure to green laser light. No difference in the absorption spedRaman signal arises from vibrations of the atoms at the end
tra, within experimental error, was observed before and after illu0f Cu-O fragments, the other neighbors contributing with
mination. rapidly decreasing intensitié$lt follows that the magnitude
of these modes can be used asoanterof chain fragments.
230—-290 cmi ! and, second, the description of the observed The above picture is able to explain the appearance of
annealing and photoexcitation dependencies of these peakaman signals in the spectral region around 250 tnit is
based on this assignment, and its implications concerning theot sufficient, however, to describe the details of the spectra,
microscopic mechanism for the phenomena of PPC and PSvhich are characterized not by one, but a series of well-
In the most recent publications on the subject, basicallydefined peaks. For samples of different origins the number of
two assignments have been given to explain the appearanpeaks is not always the same, but they are alveayse same
of these additional lines, namely, vibrations of copper atomdrequencies. The most prominent one is observed at room
localized at the end ofshort chain fragment$®!’ and  temperature around 230 crh smaller ones appearing at
infrared-active chain vibrations made Raman active by reso260, 290, and 305 cnt.!®1224The relative intensities of
nant processes alectronic statesocalized at chain endd.  these secondary peaks, on the other hand, do not follow a
Several of our results can be used to discard this secongeneral rule. Panfiloet al? have proposed that they are due
option: (i) an absorption is, in fact, observed around 2.2 eVto local ordered chain arrangements leading to a folding of
that could be related with the electronic intermediate statethe infrared-active chain mode dispersion and thus to an ac-
responsible for the resonant behavior of the Raman effitivation of newk=0 modes. Such kind of folding is well
ciency, but its variation with oxygen content and illumina- known to occur and leads to new observable Raman modes
tion cannotaccount for the respective dependencies of then, for example, artificially grown semiconductor multiple
Raman lines{ii) we have observed that both in thin filhs quantum well$® It is difficult to reconcile, however, this
and single crystals, the additional “forbidden” modes in- description for the additional peaks with the experimental
crease their intensity with increasing temperature, somethingbservations noted above and our annealing results: first, a
difficult to explain from the point of view of resonant pro- new periodicity common to all the studied samples with dif-
cesses. Though it is true that the number of chain ends irferent oxygen contents would be required to account for the
creases with disorder, any resonant process should heiversally observed phonon frequencies. Second, if present,
washed out by the reduced lifetime of the intermediate electhe folding periodicity and consequently, the Raman modes,
tronic states. The latter is determined by the movement oghould disappear with annealing induced disorder, in contrast
oxygen atoms within the CuO planes, and is known to bewith our observationgsee Fig. 1 and Ref. 11 Third, the
drastically shortened above room temperaftfféwe hence stretching chain modes should have a negakivispersion
conclude that the photobleaching of the Raman peaks cannsb that the folded modes should hdwerer, and not higher,
be due to the variation of the number of intermediate resoenergy compared with the main 230-Chvibration. And
nant states responsible for the yellow resondfice. fourth, the relative intensity of the observed peaks does not
The peaks under consideration have been recently asgree with the expected decay for increasing folded mode
signed toA,-symmetry stretching vibrations of copper atomsorder?® Note, in particular, that in our spectra polarized
at the end ofhort chain fragment$®” Within this picture, alonga [Fig. 1(b)] the relative intensities aneversed
these modes become Raman active in oxygen-deficient We have proposed in Ref. 11 a tentative assignment for
YBa,Cu;O, due to the loss of inversion symmetry of the the Raman peaks observed in our GgBaO, thin film
atomic sites, and are thus forbidden for infinite long with  experiments. In these films, in addition to the larger line at
respect to the laser wavelengtthains. This identification, 230 cm 2, a single broader peak was observed around 270
confirmed by detailed studies of local oxygen arrangementsm™*. We suggested, following Ivanoet al,'®’ that the
(microdomaing'’ is based on several observations. First, amain line derives from copper atoms vibrating at the end of
site-selective  isotopic  substitution  of tetragonal finite fragments, while the broader higher-frequency peak re-

Transmision [arb. units]
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flects an unresolved series of closely lying frequencies arisOsquiguil et al,® extra charge is transferred to the conduct-
ing from monomers in different local environmersccu-  ing CuG; planes by photoinduced oxygen ordering, thus gen-
pied or unoccupied neighbor oxygen sites, coupling to otheerating a metastable state with lower resistiMiBPQ and
monomers, etg. A “monomer” is defined by the shortest higher superconducting transitidn, (PS.

possible fragment, i.e., Cu-O-Cu. We believe this is a plau- Knowledge of the vibrations involved in the Raman
sible explanation that can be extended to account for theeaks, however, enables a much richer view into the micro-
richer single-crystal spectra. In fact, irrespective of the oxy-SCOpIC processes under play. As argued above, the larger
gen concentration all these Cu-O arrangements should Heeak at 230 cm* due to phonons involving the Cu atoms at
present®'” and might be spectrally discernible in high- the end of chain fragments, can be used through an appro-
quality single crystals. We believe that the somewhat largePriate modeling as a probe of the fragment distribution. It is
sensitivity of the additional smaller peaks to photoexcitation nteresting in this context to discuss the anisotropic behavior
together with the observation of their larger intensity for thedisplayed in Fig. 3. Unfortunately, we do not have reliable

2(a,a)Z configuration as compared with the 230-chpeak, data on monomers, but a mechanism of redistribution of oxy-
are also consistent with this scenario. Unfortunately, no reliJen 1ons between aa andb direction, as well as between

able calculation of Cu-O fragment or cluster phonon fre-long ch_aln fragment; and monomers, mlght be. as follows. As
quencies in oxygen-deficient YBau,0, are available at the a function of annealing temperature, the first increase of the

moment to firmly establish this point. Such results W0u|d230-Cm I|_ne intensity for .“gh.t polarized alon implies a
pagmentatlon of long chains into shorter fragments and, as

greatly enhance the potentialities of Raman scattering for “~ i
oxygen-dynamics studies in these compounds Indicated by thea spectra, movement of single oxygen atoms
Having established the assignment of the larger 230%cm to the orthogonal vacant sites aloagOn increased anneal-_
line as originating from vibrations at the end of chain ing induced disorder, however, the nu'mbe'r of long cham
fragmentsit1617and thus its intensity as a sort of “fragment fragments alondo should start decreasing in favor of in-
' creased number of monomers. This should result in a de-

counter,” several facts can be drawn from the experiments: f the sianal intensity al hile the sianal al
First, our results demonstrate the connection between boff €as€ ot the signal intensity alobgwhile 1€ signaf along
thermal treatmentannealing above room temperatures atashould keep increasing, as observed. This rather qualitative

constantoxygen contentand illumination with laser light: it descrlp'tlon considers the Raman line intensity as directly
is quite clear thathe same spectral featuresiffer changes p_ropornonal to the fragment number. It. would be_ hl_ghly de-
upon annealing or illumination. Second, the data in Figs. 2'~:‘|rable, however, to have a more detailed description of the

and 3 serve to follow the evolution of the chain fragmentd(:“pendence of the Raman process on the chain length, a
dependence not taken into account in our crude approach.

distribution during the two processes. It can thus be firml X
g P y In summary, we have presented a Raman-scattering study

established that short Cu-O fragments conjoin into longer ) ) .
chains with photoexcitation, and that the long fragmentén a detwinned YB5LU;0s 65 Single crystal as a function of

break into shorter ones with annealing at increasing temper£hotoeXC|tat|on and annealing at constant oxygen content

tures. The latter conclusion is the counterpart of the WeII_that demonstrates the intimate connection between persistent

known oxygen reordering effect that favors the formation Ofphotoconductivity and photoinduced oxygen ordering in
longer chains in samples quenched from high to roomthese superconductor compounds. We hope these results

temperaturé: To be more precise, the above Conclusicmstimulate theoretical work on the phonon frequencies and
could be viewed as a quite general implication of our Rama aman dgfflClenF\c)les of Cu(?t chaln fraglgwehnts W'tB d|fferenth
data, irrespective of any line assignment: the additional “for-Surroundings. kaman scattering wou ence be a muc

bidden” peaks increase their strength with annealing induced©"® powerful tool for probing the concentration depen-

disordet! and, consequently, their bleaching with illumina- dence of the oxygen local order and diffusivityin the

tion reflects the underlying photoinduced oxygen ordering.” B&2CtsOx family of compounds.

This reordering has been previously monitored through Ra-
man scattering in a rather indirect way by analyzing the line
shape of the Raman-allowed band due to treghbor Special thanks are due to J. Azcarate and S. A. Grigera for
apical-oxygen vibration¥3! Use of specific local probes help during sample preparation. Discussions with S. Valen-
such as the chain modes we are discussing here, clearly preuela, P. Etchegoin, and R. G. Pregliasco are also acknowl-
vides a new and more precise means to study such processedged. This work was partially supported by ANPCYT
We note that the conjunction of short fragments into largefPICT97 03-00061-01116 and PICT97 03-00061-01117, Fun-
ones upon photoexcitation, supports the role of oxygen ordacian Antorchas, FundacioBalseiro, and CONICET. J.G.,
dering in the PPC and PS phenoménaAs proposed by E.O., and G.N. are also members of CONICET, Argentina.
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