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The Cu K-edge extended X-ray absorp tion line st ructure (EXAFS ) st udies in YB a2Cu30 7_0 and Y0.4Pr0_1,B· 2_x Sr,Cu30 7_ 

8 with 0::; x::; 1.25 have been carried out to exami ne the changes in near neighbour environment of Cu as a funct ion of Sr 
dopi ng. There is a sudden shi ft of apical oxygen 0 (4) towards the CuO planes in compounds wherein superconducti vity is 
restored. This contraction in the Cu(2)-0(4) bond length seems to weaken the Pr-O hybridizati on and thereby restoring 
su perconductivity. Infrared absorp tion studies on these compounds also support th is picture. 

1 Introduction 

Suppress ion of superconducti vity in Pr doped 
RB a2Cu 30 7 ( I 23) system, (R is a rare earth except 
Ce) and its subsequent revival by Sr doping at Ba 
site has attracted a lot of attent ion in recent past 1

·
4

• 

Rev iva l of superconductivity was first reported by 
Cao et a/. 2 in YoA Pr0r,BacCu,0 7_0 and was attributed 
to ion s ize effect at Ba site . Sr, be ing a smalle r ion 
than Ba, at la rger doping concentrati ons decreases 
the Cu-0 (2,3) (planar oxygen) distance and 
increases the Pr-O (2,3) di stance. Thi s reduces the 
Pr-O covalency thereby re leas ing the local ized ho les 
and rev iving the superconduc ti vity. The photo
emiss ion and Raman studies on the same series5 

showed that Sr substituti on for Ba leads to an 
enhanced Ba!Sr-0 inte ract ion coupl ed with 
weakening of Pr-O cova le ncy. Zelenay ct aU also 
hinted at weaken ing of hybridization between Pr(4j) 

-0 (2prr) orb ita ls along with reducti on of di sorder in 
the chains as the cause of rev iva l of 
superconduct ivity in Nd0_7Pro3Ba2_,Sr,Cu30 7_6. The 
weakening of hybridi zation was brought about by Sr 
probably by weake ning the anti -fe rromagne tic 
interactions of Pr in the I 23 latti ce. 

In order to study the local e nvironment of 
copper ions in Sr doped samples, ex tended X-ray 
absorpti on fine struc ture (EXAFS) spectra at the Cu 
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K-edge were recorded in these materia ls. The Cu-0 
bond lengths were obtained from the ana lys is of the 
EXAFS data. The c hanges in the local structure 
a round copper ions were dete rmined as a fun ct ion of 
dopant concentration s. 

2 Experimental Details 

The compounds with nomi na l compos ttt on, 

Yo.4 Pror,Ba2_xSrxCu,0 7_6 with 0 S x S I .25 were 
prepared by the standard ceramic procedure. Hi ghl y 
pure ingredients , in appropri ate stoich iometric ratios 
were thoroughl y mi xed in aga te morta r and pestle. 
The mixtures were calc ined in a ir severa l times wi th 
inte rmit tent grindings. The ca lc ined samples were 
co ld pressed and annea led in oxyge n for 24 hr at 

935 °C and for another 24 hr at 600 oc_ The samples 
were then characterized by X-ray d iffract ion using 
Ri gaku X-ray diffractomete r (D Max II-C) and four 
probe resi stivity measurements. The diffract ion 
pattf'.rns indi cated that samp les we re essen ti al ly 
s ing le pi,ase wi th traces of impurity phases at hi gher 

values of x (~ 0.75) . Res istivi ty measurements 
showed restoration of supe rconduct ivity with 
inc reas ing S r concentrati on. Oxyge n content was 
dete rmined by iodometric titrati on. The X-ray 
di ffrac ti on, resisti vity and iodometry result are 
presented in Tabl e I . 

Ex tended X-ray absorpti on fine structure 
(EXAFS) at the Cu K-edge o f Yo.4Pr0 6 Ba2.xSr,Cu,OH 
(YPBS 123) system was recorded at room 
temperature using Johansson type ben t c rystal X-ray 



spectrometer with a Si(311) crystal plane as 
monochromator and white radiation from rotating 
anode X-ray generator. The total number of incident 
photons recorded was = 3 x I 05 at each data point. 
The energy was referenced to the Cu K~ 1 emiss ion 
line, which was assigned the tabulated energy of 
8905 .14 eV(Ref. 6). The cubic spline interpolation 
for generating equidistant points in k-space along 
with adequate smoothing to remove the noise from 
the raw data was employed. The data analysis was 
done using UWXAFS 3.0 (Refs. 7-10). 

Table I - Latti ce parameters (a, b, c), unit cell volume (V), 

critical temperature (TJ and oxygen content (7-8) for 
YB a2Cu30 H and Y0.4Pr0. ~B a2.,Sr,Cu30H 

X a(A) b(A) c cA> V(A') (K) 7-8 
Y-123 3.826 3.898 11 .694 174.40 89 6.89 
0.00 3.856 3.902 11 .706 176. 12 NSC 6.80 
0.50 3.852 3.880 11.640 173.96 NSC 6.67 
0.75 3.872 3.872 11.61 6 174. 15 NSC 6.90 
1.00 3.864 3.864 11 .592 173 .07 NSC 6.85 
1.25 3.852 3.862 11.556 171.46 19 6.92 

NSC- Non-superconducting 

The IR spectra of the series have been studied at 
room temperature in the range of 400 to 800 cm 1 

using a Shimadzu FTIR spectrophotometer. 

3 Results and Discussion 

Fig. I shows Cu K-edge spectra of YPBS I 23 (x 
= 0 and 1.25) and YBa2Cu30 7_5 (Y 123) along with 
the model compounds, Cu metal and CuO. The 
Y I 23 spectrum is similar to that reported in 
Iiterature 11

• The spectra of Sr doped compounds are 
quite similar to that of Y 123 indicating thereby a 
similar environment for Cu ions in all the 123 
compounds. The EXAFS of CuO, Yl23 and 
YPBS I 23 (x = 0 and I .25) is shown in Fig. 2. The 
spectra are expectedly similar in nature as in all the 
I 23 compounds Cu is surrounded by oxygen atoms 
in the first coordination shell. The magnitudes of 
Fourier transforms (FT) of X(k) along with fitted 
curves are shown in Fig. 3. The fitting was done in 
the region R = 1-2 A. The FT of CuO exhibits a 
peak corresponding to 4 oxygen atoms at an average 
distance of I .9 A. It may be noted here that the 
di stances mentioned in the text and tables are 
corrected for phase shift and it is because of this 
phase shift the peaks in Fig. 3 appear at lower 
di stances as at about I .6 A in the present case. A 
peak at about the same di stance is also seen in the 

273 

Y 123 FT spectrum. Y 123 has an orthorhombic 
structure with a single formula unit-per-unit cell. 
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Fig. I - Cu K-edge EXAFS in Cu metal, CuO, Y 123 and 
Y,~_4Pro_ ~Ba2_x SrxCu 307.0 

(x = 0 and 1.25) 
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Fi g. 2- EXAFS function X(k) versus kin CuO, Y 123 and 
Yo.4 Pro~B az_xSr,Cu ,07 .S 

(x = 0 and 1.25) 



274 INDIAN J PUR E & APPL PHYS, VOL 40, APRIL 2002 

There are two di stinct copper s ites in thi s material: 
the Cu( I ) s ites are 4-fold coordinated by 0 atoms, 
also known as the chain sites because of the Cu( I )-
0 ( I ) cha in s that they fo rm wi th each othe r, and the 
square pyramidal Cu(2) s ites are 5-fo ld coordinated 
by 0 atoms a lso called the planar sites due to Cu-0 
planes formed with the 0 (2) and 0 (3) atoms. The 
fifth oxygen, 0(4), coordinated to Cu(2) is ca lled as 
apical oxygen or bridging oxygen as it forms a 
bridge between Cu( I ) and Cu(2) atoms. The planes 
are s lightl y dimpled with the 0 atoms di splaced 
from the centra l plane by abou t 0.266 A. This g ives 
fi ve different Cu-0 distances as discerned by 
neutron diffracti on 12

• The broad peak at I .9 A ( I .6 A 
in Fig. 3 due to effect of phase shift) is a sum of a ll 
the five Cu-0 corre lation s. The authors have done 
three-di stance f it with some reasonab le constraint to 
reduce parameter corre lati on instabilities. The three
distance fit consists of the following corre lations 
Cu( I )-0( 4 ), weighted average of Cu( I )-0( I ), 
Cu(2)-0(2) and Cu(2)-0(3) and Cu(2)-0(4). S ince 
there are two five-fo ld coordinated Cu sites and one 
four-fo ld coordinated Cu site in the Y- I 23 unit eel I 
the weighted average of the number of nearest 
ne ighbour oxygen atoms is 4.67 . The fitting 
parameters obtained for Y I 23 were used as inpu t 
parameters for the Sr doped compounds. The results 
obtained are presented in Table 2. 

Table 2- Cu-0 hond distances in A of YB a2Cu, 0 7.0 and 
Y114Pr0_6 Ba2_,Sr,Cu 10 7.0 sys tem 

X 

Y-123 
0.00 
0.50 
0.75 
1.00 
1.25 

Cu( I )-0 (4) 

I 85(2) 
1.90( I ) 

I 82(2) 
1.8 1(3) 
1. 82( I ) 
I 83(2) 

Average of 
Cu( l )-0 ( 1), 
C u(2)-0(2) , 
C u(2)-0(3) 
1.9 1 (I) 
1.94(2) 
I. 94(2) 
1.91 (2) 
1.90( 1) 
1.90(2) 

Cu (2)-0(4) 

2.30( 1) 
2.32(2) 
2.3 1 (2) 
2 30( I ) 
2 25 ( 1) 
2.24( 1) 

(Values in bracket indi cate uncert ain ties in the las t di gi t) 

It can be seen from the Table 2 that , though 
there is an ex tremely small vari ation in bond length 
there is a general contraction of all the Cu-0 bonds 
on Sr doping whi ch is as expected. It is be lieved that 
in the Pr doped samples, the suppress ion of 
superconductivity takes pl ace due to dec rease in Cu-
0 hybridizati on brought about by the loca lization of 
holes by Pr. Cao et a/. 11 in the ir paper on the same 

compounds have suggested that Sr substitution for 
Ba in the Pr doped non-superconducting system 
leads to an enhanced Ba/Sr-0 interac tion coupled 
with weakening of Pr-O covalency. T hi s reduces the 
Cu-0(2,3) bond lengths which result in increased 
Cu-0 hybridi zation and hence appearance of 
superconductivity in these compounds. Our results 
also show that the average bond length of Cu( I ) -
0( I ), Cu(2)-0(2) and Cu(2)-0 (3) decreases wi th 
increas ing Sr concentration but just within the error 
limi t. Another interesting result observed is, the 
decrease in Cu(2)-0(4) bond length . Thi s implies 
that, the contraction of c-axi s results in shi ft of the 
apical oxygen and of the Ba(Sr) ions towards the 
Cu02 planes. The decrease in bond length however 
is not monotonic , there is sudden jump from 
2.30±0.0 I to 2 .25±0.0 I A as the Sr content is 
increased from 0 .75 to 1.0 (the Sr concentration at 
which the samp le becomes superconduct ing). 
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Fig. 3- Magnitude of Fou ri e r Transform <j>l R) versus R in 

Y 123 and Y0 .4Pr0_, Ba2_,Sr,C u, 0 7-8 

(x = 0 and 1.25). Ex peri mental data is shown as c irc les whi le 
so lid li ne indicates littcd curve 

Infrared absorption spectra of these compounds 
are shown in Fig. 4 . The Y 123 spectra in the region 
from 400 to 800 cm·1 show three IR ac tive modes: 
the peak in the vicinity of 6 17 em 1 can be assigned 
to Cu( l )-0(4) vibrations, the peak around 590 cm·1 

due to Cu(2)-0(2) v ibrati on s 1 ~ and the peak around 
470 cm·1 because of Cu(2)-0(3) vibrati ons" . When 



Pr is introduced up to 60% in place of Y, the sample 
shows semiconducting character that is refl ected by 
the IR spectrum of thi s sample. The first two of the 
three aforementi oned bands show very little change 
in their positi ons. However, it may be noted that the 
band at 6 17 cm·1 considerabl y weakens in intensity. 
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Fig. 4 - Infrared absorption spectra of Y 123 and Y04Pr01,F~ a,. 

, Sr,Cu10 H (0:::: x:::: 1.25) 

But the third band i.e. 470 cm·1 band , shows drastic 
shi ft in its posit ion in the spectrum. T his band 
moves towards higher energy s ide at about 510 cnr 1

• 

Thi s could be possi bl e because there is a change in 
ionic s ize of (R) and hence change in latti ce 
constants, which influence the latt ice vibrat ional 
modes. Further with Sr substi tut ion at the Ba si te the 
intens ity of 6 17 cm·1 band decreases apprec iab ly 
with a d isappearance at x = 0.5 and 0.75 samples. 
However, no change in its pos ition of the 5 10 cm 1 

band is observed. The apical oxygen 0(4) is the 
nearest ne ighbour of Ba. Any site disorder would 
st rongly affect the 0(4) atoms . Substituti ou of Sr in 
place of Ba perhaps introduces a site di ;;order a lso 
be li eved to be one of the like ly causes of 
suppresston of T" in the YBa2.,Sr,Cu,OH sample 16 

This s ite disorder may be the reason for 
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considerable weakening of the Cu( I )-0( 4) stretch 
which points to di sappearance of 6 17 c m·1 band . 
When the Sr content inc reases to more than 50 at % 
superconducti vity reappears and w ith it two 
interesting changes occur in the JR spec tra. The 470 
cm·1 band in the Y -1 23 sample which had moved to 
5 10 cm 1 in the non-superconducting samples, 
moves back to its original position of 470 c m·1

• A lso 
the Cu( I )-0( 4) stretch reappears at a s lightl y lower 
frequency (61 4 cm·1

) in x = 1.0 sample but moves up 
to 6 17 cm·1 in the x = 1.25 sample. Thi s agrees well 
wi th the changes in the Cu-0 bond lengths, 
especially the Cu(2)-0 (4) bond length. The shi ft of 
api cal oxygen towards the Cu-0 pl anes at higher Sr 
concentrati ons probably leads to the inc rease of Cu-
0 hybridi zation thereby resulting in res toration of 
superconductivity. 

4 Conclusion 

The results of the present study impl y that the 
contracti on of c-ax is in Sr doped Y0 ~Pr11 r,Ba2Cu ,OH 

is due to the shift of the ap ical oxygen 0(4) towards 
the CuO, pl anes whi ch decreases the Cu(2)-0(4) 
bond length. T his shift seems to weaken the Pr-
0(2,3) hybri dizat ion thereby restoring the T_. T his is 
a lso we ll corre lated by reappearance of 4 70 and 6 14 
cm·1 stretching modes in the superconducting Sr 
doped sampl es. 
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