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Infrared study of relevance of Nd,CuO, structure
to superconductivity of La-Sr-Cu-O system
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A comparative study of the infrared spectra of Nd,Cu,_,Ag,O4 and La1gSrg,Cuq_,Ag,O, is
reported. It is shown that the appearance of an absorption peak at ~680 cm~" is due to local
distortions around the Ag impurities, and the appearance of this peak need not imply a
structural transformation from Nd,CuO, type of K,NiF, type. It is shown that Nd,CuQO,
structure is not important for the superconductivity of La-Sr-Cu-O system. © 7999 Kluwer
Academic Publishers

1. Introduction La; gBag2CuQy is important for the superconductiv-
After the exciting discovery of superconductivity in ity of this compound. It is natural that their arguments
La; gBag2CuQy by Bednorz and Muller [1], there has must also apply to LgsBag2CuO, as well, since the
been great interest in oxide superconductors both fronR spectra are essentially similar. In this paper, through
applied as well as basic points of view. Although a comparative study of Ag substituted;lgBay ,CuOy
there are now several different superconducting oxand NgCuQ,, we show that the above conclusion of
ide systems known, an understanding is still lackingOhbayashiet al. is not valid. Our data shows that
due to conflicting experimental evidences. Infrared relLa; sBag2,CuO, does not necessarily have MO,
flectance and transmittance experiments [2—4] havstructure, and even if it does, the structure is notimpor-
shown energy gaps in the ranga 2kg T, ~ 1.3-2.7  tant for superconductivity of the La-Sr-Cu-O system.
well below the BCS prediction of 2/kgT.=3.53. The features of the IR spectra may be explained on
Tunneling measurements [5-8] have shown gaps in ththe basis of local distortions produced around the Ag
range 2\ /kgT.~ 3.5-6, at least as large as the BCSimpurities.

prediction. No isotope shift has been observed [9] in
YBa,;CusO7, while very small shift has been observed
in La-Sr-Cu-O system [10]. These facts suggest thatsuz- Experimental
perconductivity of these systems may not be of the con= P

ventional BCS type. The superconductivity of Y-Ba- The samples of NelunAgxOa (x =0.05, 0.1) were

i el repared by mixing NgD3, CuO and AgO in stoi-
Cu-O and La-Sr-Cu-O systems has been related to th(%‘niometric proportions, calcining them at 70D for

antiferromagnetism of the parent compounds [11—13]6
We may note, however, that all these systems contain

planes of Cu-O to which the superconductivity seem ray diffraction the samples were found to be sin-

e pecore® MGl phise wih NeCuC Srctre. The ltice paran:
P 9 P ters are found to b@=03.943A andc=12154A for

various technlques thgt can prope the electronic syster)r(1: 0.05 anda — 3.945A andc — 12 157A for x — 0.1
and the lattice and their interaction.

. . samples. Infrared spectra were recorded in KBr matrix
Shortly after the dlscover_y of La_Sr Cu-0 system, using a commercial cw IR spectrometer. The samples
Stavoleet al.[14] reported an interesting result from in-

. for IR were prepared by mixing 0.1 wt % of the sample
IL??VC\’,: Zfr%rr?g%%g?gﬁgﬁg;ﬂfg&?? S#Sfa?]; with KBr and grinding and pressing into pellets.
v, =517 cnt?, the first one gradually decreases in in-
tensity andfinally disappearsxat= 0.15 which is found
to be the optimum concentration for the occurrence3. Results and discussion
of superconductivity. Ohbayasét al.[15] have com- The IR study of La_4Sr,CuQ, system by Stavolet al.
pared the IR spectra of LgBay ,CuO, to that of tetrag-  reveals that the; line of La,CuQ, gradually decreases
onal (T; phase) LaCuO, and tetragonal NdCuO,  inintensity and finally disappearsy@at= 0.15. This con-
(Tx phase) and they conclude that 1lgBayCuQy centration also happens to be the optimum for the oc-
has N@CuQO, type structure and not #iF4 type. curance of superconductivity. Fig. 1 shows the IR spec-
They go further to say that the MduO, structure of  tra of La; gSrp2Cuy_xAgxO4 compounds. We find that

h and then at 1000 for 12 h. Afterwards they were
ressed into pellets and heated for 4 h at 1@S0From
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Figure 1 Infrared spectra of LggSry 2Cui—xAgxOs compounds.
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Figure 2 Electrical resistivity of LagSr2Cui—xAgxO4 as a function
of temperature. Note thaf; is nearly the same fox=0.0 and 0.05

while for x=0.1 it is clearly lower. The transition becomes broader

with increasing Ag concentration.

the v1 line reappears upon Ag substitution. This has
been attributed by us to local distortions around the
Ag ions [16]. These defects give rise to local charge
disproportionation and hence to some infrared activ-

ity. The Ag impurities lower thel, slightly and make
the transition broader (see Fig. 2). Ohbayashal.

have presented in their paper [15] the IR spectra of 0 6(1)0 00
La,CuQy which changes from an orthorhombic phase

to a tetragonal phaseTli) that is of KyNiF4 struc-
ture. The structure of LgBay,CuQ, has been de-
duced from X-ray diffraction to be JNiF4(T;) type.
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However, Ohbayastdt al. propose another tetragonal
structure Tx phase) for LagBay.CuQ, which can-
not be easily distinguished frofy phase by X-ray
diffraction. According to Ohbayasteét al. the strik-

ing difference betweeil; and T, phases is that th§
phase shows two absorption peaksi(at- 680 cn!
andv, ~ 510 cnt?) while in the T, phase the line

is absent. Thdy phase, they point out, has the same
structure as NgCuQy as this compound also has a
similar IR spectrum. From this they go further to say
that the superconductivity is specifically related to the
Nd,CuQy type structure of LagBag 2CuQy. Naturally

the same arguments also apply to the La-Sr-Cu-O sys-
tem. If we apply the arguments of Ohbayashial.

to LapgSroCu_xAgxO4 system it implies that by
Ag substitution, we have switched the structure from
Tx to T; and yet retained superconductivity in the sys-
tem. This immediately contradicts their contention that
Nd,CuQy structure is important for the superconduc-
tivity. We therefore, suggest that superconductivity is
not related to the NgCuQ; structure at all. What, how-
ever, isrelated to superconductivity is the drastic change
in the electronic structure brought about by Sr sub-
stitution which turns the material into a metallic one.
Therefore, it appears that it is incorrect to correlate the
appearance/disappearance of ithéine to a structural
transformation. The explanation based on local distor-
tions is more likely from this point of view. The results
of IR absorption on NgCu;_yAgxO4 strongly support
this explanation. NgCuO, shows an absorption peak
at around 510 cm! and no line corresponding ta
[17]. We find that upon Ag substitution a second ab-
sorption line appears (see Fig. 3) which corresponds to
thev, line. From the data we find that = 675 cnt 1 for

x =0.05 and 670 cm! for x = 0.1 compounds. Since
we are directly substituting Ag into thg, phase, we
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Figure 3 Infrared spectra of NgCu—xAgxO4 compounds.



can assume that the Ag substituted compounds are o
the same structure as the parent8dO,. The fact that

a vy line appears in th@y phase implies that the ab-
sence of this line is not characteristic of thephase.
Rather, it appears due to local distortions of the lattice
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