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The structural phase transition from the tetragonal to the orthorhombic

phase of doped and undoped samples of L^-zSrxCuC^ has been

investigated by using inelastic neutron scattering techniques. The

rotational nature of the soft mode leads to moderate electron-phonon

coupling and the mode is unlikely to enhance significantly conventional

phonon mediated superconductivity.
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I. INTRODUCTION

The occurence of high superconducting temperatures TQ of doped

(Ref. 1) and YBa2Cu3C>7_$ (Ref. 2) is not understood

yet. Several mechanisms have been suggested the most important ones

being electron-phonon coupling and pairing of the charge carriers by

means of magnetic interactions.

Doped and undoped L^CuO* undergoes a structural phase tran-

sition from the high temperature tetragonal phase I4/mmm to the

orthorhombic structure Cmca (Ref. 3). Recent inelastic neutron

scattering measurements4'5 on non-superconducting single crystals

La2_iSriCuo.g5Lio.0504_^ (crystals MIT # 1 and # 2 in table 1.)

revealed that the structural phase transition is caused by a rather

conventional softening of a transverse optic phonon whose eigenvector

(symmetry X4) is closely reproduced by calculations based on an ionic

model.6 In addition it was shown that the predicted softening of the

oxygen breathing mode which would couple strongly to the electron

system7 does not take place. However, several problems could not be

resolved, mainly because of the small sample size and the inadvertedly

incorporated Li; for example i) the detailed temperature dependence of

the soft phonon could not be determined, ii) the expected degeneracy

of the soft phonon in the orthorhombic phase was not observed and

iii) the influence of the metal to insulator transition on the lattice

dynamics could not be studied.
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Recently several experimental groups have succeeded in growing

large single crystals (V c- 2 cm3) L^-xSrxCuC^ from CuO flux. At

Sr concentrations x > 0.08 the crystals exhibit bulk superconductivity.

Because of the larger sample size a thorough investigation of the

lattice dynamics by means of neutron scattering becomes now feasable.

We report in this paper on the temperature and concentration depen-

dence of the soft phonon in superconducting and non-superconducting

The experiments were conducted on the triple axis spectrometer

h7 at Brookhaven's High Flux Beam Reactor using a fixed final

energy Ef — 14.7 meV and different combinations of 20' and 40'.

collimating elements depending on the conflicting requirements of

reasonable intensity and good resolution. Higher order neutrons were

removed by a pyrolytic graphite filter mounted after the analyzer

crystal. The crystals (see table 1.) were grown at MIT and at

the Institute for Molecular Science. The volume fraction of bulk

superconductivity in our crystals is about 20 %, somewhat smaller

than the 40 % observed in powder samples.

II. SOFT PHONONS

The measurements of the soft TO phonon were performed near the

(0 2 3) superlattice peak in the [001] direction (Cmca space group),
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which corresponds to the (1.5 1.5 2) peak and the [110] direction

in tetragonal notation. We will use orthorhombic notation throughout

the paper. Fig. 1 shows that the intensity of the superlattice peaks

decreases with increasing temperature and To decreases with increasing

doping concentration as expected.8 These results indicate that the

phase transition is of second order.

Fig. 2 shows the temperature dependence of the phonon spectra at

f = 0.075 for pure L^CuO* . The soft phonon near 3 meV disappears

on approaching To from above. Below 7b the n = 2 degeneracy is

lifted and two inelastic peaks at about 3 meV and 8 meV are clearly

observed. The integrated intensities of the peaks is proportional to

l/E2 (Ref. 9) as expected for a coherent one-phonon cross section.

Similar results are obtained at other momentum transfers and larger

dopant concentrations x. The phonon peaks sharpen significantly

with decreasing temperature. The solid lines are fits to two damped

harmonic oscillator functions and a resolution limited Gaussian at

E = 0 convoluted with the instrumental resolution function.

A summary of the temperature and concentration dependence of

the phonon energy is given in Fig. 3 for f = 0 and f = 0.075.

The most remarkable feature is the pronounced softening of the lower

branch below 200 K for x < 0.08, which is almost absent in the sample

with x = 0.18. To be more specific: The phonon energy at 10 K is
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actually almost independent of x. It is the maximum energy of the

phonon at intermediate temperatures which depends on concentration:

For i = 0 we find Emax — 5 meV and for x cz 0.08 we find Emax — 4

meV. The dispersion of the x = 0.18 sample is almost flat.

m. DISCUSSION

The present results on the soft phonon behaviour in La2_xSrxCuC>4

are in good agreement with previous measurements and confirm that

the phase transition shows conventional soft phonon behaviour.4'5 The

degeneracy below To escaped detection in our previous studies because

of the significantly smaller sample size. The most remarkable result

is the renewed softening of the lower phonon branch with decreasing

temperature in the pure sample. One is tempted to speculate that

La2CuC>4 is close to a further incipient phase transition. However,

the simultaneous narrowing of the line width may contradict such

an interpretation. Another possible mechanism that can cause the

softening of a phonon branch is the increased screening of the

conduction electrons with increasing dopant concentration when the

material changes from an insulating to a metallic state.

At this stage it is very difficult to argue about the interplay

between soft phonon and superconductivity. First of all the small

energy scale is not favourable for high-T^ as explained in Ref.
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5. Secondly the rotational nature of the soft mode couples at

most moderately to the electron system. According to Cohen10 the

main effect is ah enhancement of the electron density-of-states near

the Fermi surface in the orthorhombic phase. We have looked for

effects of the superconducting phase transition on the energy and

line width of the soft phonon mode because such effects have been

seen in Nb3Sn (Ref. 11) and Nb (Ref. 12) and lead to a direct

measure of the electron-phonon interaction.13 We did not see such

effects. Possibly because only a volume fraction of about 20% is

superconducting, making the unambiguous detection of effects related

to superconductivity very difficult.
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Table 1.

Crystal Parameters in Cmca notation.

Sample

La2 Cuo.95Lio.o5 O4 -1

Label

MIT#1

MIT#2

MIT#10

IMS#1

MIT#13

K

351 ± 1

423 ± 1

502 ± 5

385 ± 10

225 ± 5

TC

K

-

-

-
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FIGURE CAPTIONS

1. Superlattice peak intensities in La2_zSrxCu04 . The solid lines

are guides to the eye.

2. Temperature dependence of the soft phonon at (0 2 3.075) for

undoped La2CuO4 . Below To the n = 2 degeneracy of the phonon

is lifted. Solid lines are appropriate fits.

3. Concentration and temperature dependence of the soft phoaon for

C = 0 and f = 0.075. Solid lines are guides to the eye.
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