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The Raman spectrum of polycrystalline sintered YBa2Cu307 has been measured 
at several temperatures between 10K and 300K. Ten Raman active phonon modes 
are observed with frequencies of 153,217,291,309,  335 ,441 ,493 ,506 ,  601 and 
640 cm -t. The 335 cm -1 mode shows anomalous behavior: Above T e it increases 
in frequency on cooling but below T e its frequency shift changes sign as the mode 
begins to soften. The fact that most of the mode frequencies we observe do not 
coincide with the measured infrared frequencies supports the assignment of the 
symmetry of the crystal to a centrosymmetric space group. 

Introduction - Intense interest in oxygen deficient 
perovskite superconductors has been generated by the 
discovery of superconductivity at >30K in the 
La-Ba-Cu-O system by Bednorz et al. 1,2 and above 
90K in the Y-Ba-Cu-O system by Wu et al. 3 and Zhao 
et al. 4 The role of phonons and electron-phonon 
coupling in the mechanism of superconductivity is a 
central issue. Proposals have been made 5.6 that 
structural instabilities associated with the 
superconducting transition might be expected in this 
class of materials. Raman scattering is a sensitive 
probe of such anomalies and the Raman spectra of 
superconducting (Lal_xSrx)CuO 4 have been 
reported. 7 We have undertaken a study of the 
temperature dependence of the Raman spectrum of the 
Y-Ba-Cu-O system above and below the 
superconducting transition temperature T c = 92K. 
We find a weak anomaly in the the temperature 
dependent frequency shift of the 335 cm -1 mode. 

Experimental - The material used in this study 
had the nominal stoichiometry corresponding to 
YBa2Cu307 which was identified to be the 
superconducting phase in the Y-Ba-Cu-O system. 8-1° 
It was prepared by the technique described by Engler 
et al. 11 The sample used here had been annealed in air 
and slowly cooled from 900°C to 200°C over five 
hours. Resistivity measurements showed the onset of 
the superconducting transition at 94K and vanishing 
resistance at 92.5K. 

Rosen et al. 12 recently reported the room 
temperature Raman spectrum of YBa2Cu307 
containing significant amounts of other phases such as 
BaCuO 2 and Y2BaCuOs. They showed that Raman 
scattering is a sensitive probe of impurity phases and 

they identified the spectra of these phases. Using their 
results we are able to say that our samples contained 
the essentially pure superconducting phase 
YBa2Cu307. The possibility of a small residual 
impurity, BaCuO 2 is mentioned below. 

Raman measurements were carried out using a 
standard Jobin-Yvon double monochromator as 
described previously. 12 The temperature dependent 
spectra were obtained using a stationary sample 
mounted in an Oxford Instruments flow cryostat. The 
sample was surrounded by approximately 1 arm. of 
helium exchange gas and irradiated with 100 mW 
5145 Ar + laser beam focused by a cylindrical lens to 
give a line image on the sample with a maximum power 
density of 50 W / c m  2. The temperature was measured 
by a Ge sensor mounted in the cooling chamber and 
also checked by an iron eonstantan thermocouple 
mounted directly on the sample. The temperature of 
the laser excited volume was estimated by measuring 
the anti-Stokes/Stokes intensity ratio for the 504 cm -1 
and 337 cm -1 lines at room temperature. This was 
consistent with the laser heating being much less than 
10K. Similar conclusions were reached by a 
consideration of the heat flow prob]em. 13 

Results and Discussion - Figure 1 shows the 
Raman spectra obtained at five temperatures (10K, 
60K, 90K, l15K and 295K) with 4 cm -I resolution 
and a total time per scan of about 15 hours. Ten 
Raman active modes were observed with frequencies 
given in Figure I. The weak line at 640 cm -1 may be 
due to small amounts of BaCuO 2 since it coincides 
with the strongest line of that phase. The 601 cm -1 line 
matches that of the strong scatterer Y2BaCuOs, 
however, the spectrum does not contain the 380 cm -1 
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Figure 1. Tempe ra t u r e  dependence  of the  R a m a n  
spec t rum of s in tered  pel lets  of YBa2Cu307.  The 
supe rconduc t ing  t rans i t ion  t em pe r a t u r e  is 92K. 
Spectral  reso lu t ion  is 4 cm- I  and the run t ime  per  t race 
was t 5 hrs. 
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Figure 2. (a) Tempera tu re  dependence  of the 
f requency of the 337 cm -] mode  showing the  
anomalous  sof ten ing  below T c and  (b)  the 504 cm -1 
mode, in cont ras t ,  shows a normal  mono ton ic  
f requency increase on cooling. The curves  are d rawn  
for visual aid only. 

moae  of Y2BaCuO5 so this  phase  is t hough t  to be 
absent .  

Perhaps  the  mos t  in teres t ing  fea ture  of the  
R a m a n  spectra  p resen ted  in Figure  1 is the anoma lous  
t empe ra tu r e  dependence  of the  337 cm -1 line which  
exh ib i t s  a normal  increase  in f requency on cool ing 
f rom room t empe r a t u r e  to  the  superconduc t ing  
t rans i t ion  t empera tu re  Tc~90K.  Below T c, however ,  
the  t empe ra tu r e  dependen t  shif t  changes  sign and the  
mode  softens,  fal l ing 7 cm -1 by 10K (Figure 2a).  
Whi le  this  is a re la t ively  small  anomaly ,  it is c lear ly 
associa ted wi th  the  superconduc t ing  t r ans i t ion  
t empera tu re .  In addi t ion ,  i t  may signal larger  changes  
a t  o the r  k values  or p h o n o n  frequencies.  In con t ras t ,  
the  504 cm -1 mode  exh ib i t s  a normal  mono ton i c  
f requency  increase  of 5 cm -1 on cooling to 10K (Figure  
2b) .  It is also in te res t ing  to note  tha t  inf rared  
measu remen t s  14 show a shif t  to  lower  f requencies  by 
4 cm q for the 279 cm q and  310 cm -1 IR ac t ive  modes  
on cooling be low T c. 

A detai led ass ignment  of the  mo t ion  associa ted 
wi th  each Raman  ac t ive  mode  would require  a full  
la t t ice  dynamics  ca lcula t ion ,  which is no t  yet 
avai lable .  However ,  we have  car r ied  out  a symmet ry  
analysis  of the v ibra t iona l  modes,  based on the  
s t ruc tu re  of the uni t  cell shown  in Figure 3. It  has been  
proposed in a n u m b e r  of X- ray  15 and  neu t ron  
d i f f rac t ion  t6,17 studies tha t  the unit  cell is 
o r t h o r h o m b i c  wi th  cen t ro symmet r i c  space group 
Pmmm.  It is now general ly agreed tha t  the  oxygen 
vacancies  are essent ial ly  ordered:  No oxygens occur  
in the  plane of the  y t t r ium a tom and the Cu(1)  a toms  
are  connected  in r i bbons  wi th in  which  
O(1 ) - C u (  1 ) -O(1  ) chains  occur.  Perpendicu la r  to this  
d i rect ion,  C u ( l )  has two  oxygen vacancies ,  which  
resul t s  in an o r t h o r h o m b i c  r a the r  than  t e t ragona l  
s t ruc ture .  The exact  oxygen s to ich iomet ry  of this  
mater ia l  depends somewhat  on cool ing ra tes  and  
a m b i e n t  a tmosphere  so tha t ,  more  commonly ,  there  
are 7 - x oxygen a toms  per  cell wi th  x ~ 0.1. One  
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Table 1. Classification of modes associated with 
displacements of atoms at specific sites in 
YBa2Cu307. (See Figure 3 for atomic positions.) 
Tmal of 39 modes: 15 Raman active, 21 infrared 
active, 3 accoustic 

atoms mode classification 

Y Big + B2g + B3g 
Ba Ag + Big + B20 + Blu + B2u + B3u 
Cu(1) Big + B2g + B3g 
Cu(2),O(4) 2(Ag + Big + Bzg + Blu + B2u + B3a ) 
O(1) Big + B2g + B3g 
0(2)  Ag + Big + B2g + Blu + B2u + B3u 
0(3)  Ag + Big + B3g + Blu + B2u + B3u 

xygen 

opper 

Figure 3. Unit cell of YBa2Cu307 showing the 
positions of the atoms. The orthorhombic cell, 
containing~ one formula unit has dimensions a = 
3.8863(1 )A. b -- 3.8231(1),~. c = 11.6809 (2)/k. 14 

feature of the structure, in addition to the oxygen 
deficiency, is that O(I)  exhibits a large vibrational 
amplitudeJ 6,17 Four unit cells are shown in Figure 3 
highlighting copper oxygen planes and ribbons which 
are thought to play a major role in the 
superconductivity. 

There are a total of 39 vibrational modes, 15 of 
which are Raman active with symmetries at k --- 0 of 
5Ag + 5Big + 4B2g + B3g. The representations of 
mmm(D2h) are given here in the Bethe nota t ion)  8 The 
21 infrared active modes are 7(Blu + B2u + B3u ) and 
there are three acoustic modes. The symmetries of the 
modes associated with the motion of particular atoms 
is given in Table 1. The most interesting result is that 
the motion of Cu(1) and O(1) do not contribute to 
Raman active modes, but they are infrared active. The 
0 (4 )  motion in the "flat" part of the Cu(1) ribbons 
may contribute to a Raman active mode however. 

The infrared reflectivity of YBazCu307 has been 
measured 13 and a number of infrared active modes 
identified with frequencies of 151,191,279,  310, 548 
and 609 cm -1 at 105K. With two exceptions (151 and 
310 cm-1), there is no correspondence between the 
Raman and IR frequencies, supporting the assignment 
of a centrosymmetric structure. However TEM 
studies of similar material 19 has shown the presence 
of smaller amounts of material with the 
noncentrosymmetric Prom2 structure. It is possible 
that the lines which coincide in the Raman and IR 
spectra are due to this phase. 
In conclusion, we have measured the temperature 
dependence of the Raman spectrum of essentially pure, 
single-phase, high T c superconducting YBazCu307. 
While no dramatic structural changes are observed, 
consistent with previous neutron diffraction work,]6,17 
a very interesting anomaly is observed in the 
temperature dependent frequency shift of the 335 
cm -1 mode in the vicinity of T c. This may suggest the 
possibility of larger changes in the phonon spectrum 
occurring at non-zero wavevectors. 
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