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Phonon thermal conductivity in doped La2CuO4: Relevant scattering mechanisms

C. Hess,1,* B. Büchner,2 U. Ammerahl,3 and A. Revcolevschi3
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Results of in-plane and out-of-plane thermal-conductivity measurements on La1.82xEu0.2SrxCuO4 (0<x
<0.2) single crystals are presented. The most characteristic features of the temperature dependence are a
pronounced phonon peak at low temperatures and a steplike anomaly atTLT , i.e., at the transition to the
low-temperature-tetragonal phase~LTT phase!, which gradually decrease with increasing Sr content. Compari-
son of these findings with the thermal conductivity of La22xSrxCuO4 and La2NiO4 clearly reveals that in
La22xSrxCuO4 the most effective mechanism for phonon scattering is impurity scattering~dopants!, as well as
scattering by soft phonons that are associated with the lattice instability in the low-temperature-orthorhombic
phase~LTO phase!. There is no evidence that stripe correlations play a major role in suppressing the phonon
peak in the thermal conductivity of La22xSrxCuO4.

DOI: 10.1103/PhysRevB.68.184517 PACS number~s!: 74.25.Fy, 74.72.Dn, 66.70.1f
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I. INTRODUCTION

The segregation of spins and holes into stripelike arran
ments appears to be a common feature of doped M
insulators.1–5 These so-calledstripe correlationsseem to be
of particular importance in understanding the electro
phase diagram of high-temperature superconductors, wh
competition between a static stripe phase and the super
ducting phase is widely discussed.6–8 Such a competition is
expected to be reflected by the dynamics of stripes, i.e., s
stripes should reduce the superconducting order param
while stripes should be fluctuating in the presence of fu
developed superconductivity. Indeed, there is growing
perimental evidence for such a scenario.2,9–12 While many
experiments give evidence towards static stripes of holes
spins,2,13,14 signatures of stripe fluctuations currently on
comprise magnetic correlations.15–17A direct observation of
fluctuating charge stripes, however, is still missing. A pro
ising alternative approach to study stripe dynamics invol
the phonon heat transport which is an indirect prob
method. Since charge stripes lead to lattice distortions, a
sitivity of the phonon heat transport to the dynamics as w
as the degree of periodicity of stripes can be expected.

The thermal conductivityk of doped La2CuO4 has repeat-
edly been the subject of experimental research, yet no
tailed understanding of the rather complicated and str
changes of the temperature dependence ofk upon partial
substituting Sr and/or small rare earths~RE! like Nd or Eu
for La has been achieved. For example, in the antiferrom
netic insulators La22y(RE)yCuO4, a huge peak at room tem
perature which arises due to magnetic heat transport is fo
in the thermal conductivity parallel to the CuO2 planes
(kab), while the thermal conductivity perpendicular to th
CuO2 planes (kc) is purely phononic without a high
temperature peak.18 Similarly intriguing is a strong suppres
sion of the phononic low-temperature peak in bothkab and
kc , which is found in the superconducting doping levels
La22xSrxCuO4.19 There is a seeming correlation betwe
this suppression and superconductivity because a phon
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low-temperature peak reappears in overdoped, nonsuper
ducting La22xSrxCuO4 as well as in La2-x-y(RE)ySrxCuO4,
where superconductivity is suppressed in favor of sta
stripe order.9,10,20 Baberski et al.20 qualitatively explained
these observations based on the idea that in supercondu
compounds fluctuating stripes provide a new scattering ch
nel for phonons. In recent studies by Sunet al., such a scat-
tering channel plays an important role in the da
interpretation.21–23

There is clear-cut evidence that in isostructural stripe
dering La22xSrxNiO4, the phonon thermal conductivitykph
is closely correlated with both the dynamics and the peri
icity of stripes. Whilekph is almost unaffected in the pres
ence of static and long-range ordered stripes, it is stron
suppressed as soon as the stripes become disordere
dynamic.24–26 Apparently, in these compounds the therm
conductivity is indeed a probe for stripe correlations. O
might question, however, whether this is true also in
cuprates for two reasons. First, the electron-phonon coup
in the nickelates is much stronger than in the cuprates.27–32

Therefore, the effect of stripes onkph can be expected to b
much smaller in the cuprates. Second, from a structural p
of view the situation in the nickelates is much simpler than
the cuprates. In the latter, a structural instability exists and
a consequence a number of structural phase transitions o
as a function of temperature as well as of Sr and RE conte9

Since the structural instability involves soft phono
modes,33–36enhanced scattering of the heat carrying phon
is likely.

In this paper we reinvestigate the phonon thermal cond
tivity kph of doped La22xSrxCuO4 and present new experi
mental results on Eu-doped single crystals. The single c
talline data allow us to investigate the anisotropy of thek
tensor and provide more precise absolute values ofk. In
previous measurements on polycrystals,20,37 this information
was not available. It is, however, necessary in order to ju
the strength and therefore the importance of various sca
ing mechanisms for phonons. The analysis of our data yie
compelling arguments that both impurities~dopants! and soft
©2003 The American Physical Society17-1
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phonons, which are associated with the lattice instability
these compounds, strongly scatter phonons and there
must not be neglected in the data interpretation. Data
La2NiO4 corroborate this conclusion and allow us to qua
tatively understandkph of La22x2y(RE)ySrxCuO4 in a wide
doping range. In particular, it is not necessary to includ
stripe induced scattering channel.

The structure of this paper is as follows. After a bri
description of the experimental details in Sec. II, we revi
previous results on the thermal conductivity of dop
La2CuO4 in Sec. III, before we proceed to the presentation
our new experimental results on La1.82xEu0.2SrxCuO4 in Sec.
IV. Our main results will be discussed in Sec. V.

II. EXPERIMENT

We have prepared single crystals of La1.82xEu0.2SrxCuO4
(x50, 0.08, 0.15, 0.2! as well as of La2NiO4 utilizing the
traveling solvent floating zone technique.k of these crystals
was measured as a function of temperatureT. We used a
standard steady-state method on pieces cut along the pr
pal axes with a typical length of 2 mm along the measur
direction and of about 0.5 mm for the two other direction
The thermal gradient was determined by measuring the t
perature differenceDT between the junctions of a differen
tial Au/Fe-Chromel thermocouple. The junctions of this th
mocouple have been glued onto the sample using
varnish.38 DT varied between 0.5% and 2% of the absolu
temperature, which has been stabilized for each data p
Errors due to radiation loss, which could occur at high
temperatures, are avoided in our experimental setup.
ichiometric oxygen contents in La1.8Eu0.2CuO4 and La2NiO4
were achieved by annealing in high vacuum and CO/C2
atmosphere, respectively.

III. PREVIOUS RESULTS

Prior to discussing our new experimental results, we
view previous results19,20 on the striking doping dependenc
of the thermal conductivity of doped La2CuO4. At first, we
concentrate on the low-temperature phononic peak in
thermal conductivity of La22xSrxCuO4. As is evident from
the lower panel of Fig. 1, which reproduceskc of
La22xSrxCuO4 (x50, 0.1, 0.15, 0.2, 0.3! as published by
Nakamuraet al.,19 this peak evolves nonmonotonically wit
increasing Sr content. A well pronounced phononic lowT
peak inkc is only present atx50 andx50.3, whereas a
intermediate doping levels (0.1<x<0.2) a peak structure is
hardly identifiable. Note that the material is a superconduc
in this doping range whereas it is insulating and metallic
x50 andx50.3, respectively.

Baberskiet al.have pointed out that the suppressed lowT
peak at intermediate Sr doping reappears upon RE dop
provided that this doping induces the so-called LTT ph
~low-temperature-tetragonal! and thereby suppresse
superconductivity.20 This is illustrated in the upper panel o
Fig. 1, where k of polycrystalline Pr- and Nd-dope
La22x2y(RE)ySrxCuO4 at the finite Sr contentx50.12 is
shown. The Pr-doped compound does not undergo the t
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sition to the LTT phase. Like La22xSrxCuO4, it remains in
the so-called LTO phase~low-temperature-orthorhombic!
and is a superconductor.39 Its thermal conductivity monotoni-
cally decreases with decreasingT and hence is very simila
to the aforementioned findings by Nakamuraet al. for k of
La22xSrxCuO4 at 0.1<x<0.2. The situation is completely
different in the nonsuperconducting, Nd-doped compou
which is in the LTT phase belowTLT'80 K. Here, kph
abruptly enhances atTLT and exhibits a well pronounce
phononic peak around 25 K.

The doping dependence ofk described above must b
attributed to strong changes in the phonon thermal cond
tivity kph of this material. Nonphononic contributions tok
can be excluded in the out-of-plane direction, since the e
trical conductivity40,41and the magnetic coupling42 along the
c axis are too small to allow significant electronic and ma
netic thermal conduction. Concomitantly, the doping dep
dence of the low-T peak is evident along all crysta
directions19 ~cf. also the data below!.

In crystalline materials, the low-T peak in kph is very
sensitive to scattering of phonons. Generally, the heigh
this peak reduces with increasing phonon scattering ra
One important mechanism in this regard is scattering
phonons by impurities. In alloyed compounds like dop
La2CuO4, this phonon-impurity scattering is induced b
nonuniform ions on one lattice site. Upon alloying, th
should lead to a gradual reduction of the phonon pea43

Even though phonon-defect scattering inevitably must
present in this material, it is not a scattering mechani

FIG. 1. Bottom: Temperature dependence ofkc of
La22xSrxCuO4 for x50, 0.1, 0.15, 0.2, and 0.3. Data are repr
duced from Ref. 19. Top: Thermal conductivity of Pr (y50.85) and
Nd (y50.6) doped La1.882y(RE)ySr0.12CuO4 polycrystals normal-
ized tok ~150 K! as a function of temperature. Data are taken fro
Ref. 20.
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PHONON THERMAL CONDUCTIVITY IN DOPED . . . PHYSICAL REVIEW B68, 184517 ~2003!
which solely dominateskph, because the phonon pea
evolves nonmonotonically upon Sr doping and even re
pears at additional RE doping.

Another scattering mechanism for phonons in this ma
rial is suggested by the abrupt change ofkph at the structural
phase transition, which occurs in the Nd-doped compoun
appears that phonons are scattered stronger in the L
phase. This interpretation is confirmed by neutron-scatte
studies on Nd-doped La22xSrxCuO4 at TLT . The acoustic
phonon line width abruptly decreases at the transition fr
the LTO phase into the LTT phase, signaling a proportio
decrease of scattering processes.44 Anomalous phonon ther
mal conductivity in the vicinity of structural phase trans
tions is well known from a number of perovskite oxides a
for example, SrTiO3 and KTaO3. There, a suppression ofkph
is caused by enhanced scattering of acoustic phonon m
due to their energetic degeneracy with soft optical phon
modes.45,46Indeed, soft phonon branches do exist in the LT
phase of doped La2CuO4,33–36which could cause a suppre
sion of kph ~in the following this scattering mechanism wi
briefly be named ‘soft-phonon scattering’!. The change of
kph at TLT then would follow from the discontinuous hard
ening of the soft phonon branch in the LTT phase35,36and an
associated reduced scattering rate of acoustic phonons.47

Since all compounds with a suppressed phonon peak
in the LTO phase at lowT, soft-phonon scattering could b
important for understanding the suppression of the pea
well.49 There is, however, not a one to one correlation
tween the LTO phase, i.e., the possible presence of soft
non scattering, and the suppression of the peak. This is m
obvious in La22xSrxCuO4, because the soft phonon prope
ties only slightly change forx<0.2, whereas the phono
peak is maximum for La2CuO4.

Baberskiet al. have noticed that both impurity scatterin
and soft-phonon scattering separately do not allow to un
stand the suppression of the phonon peak. They there
suggested that the suppression of the phononic peak cou
correlated with the superconducting properties, since
peak suppression occurs whenever the material
superconducting.20 In their model, they proposed that stripe
couple to phonons and thereby cause an unconventional
tering mechanism for phonons depending on the dynamic
stripes. A suppression of the phonon peak then is the co
quence of fluctuating stripes, which are present in the su
conducting compounds, whilekph exhibits a usual phonon
peak when stripes are static or even absent in the nonsu
conducting cases. There, static stripes are only present in
LTT phase. Therefore, instead of being caused by an ab
softening of optical phonon modes, the jump ofkph at TLT
could just as well originate from a change of the stripe d
namics from static~LTT! to fluctuating~LTO!. Even though
a consistent interpretation of the data discussed afore is
sible within such a model, its validity is questionable b
cause the actual role of impurity- and soft-phonon scatte
remains unclear.

IV. NEW RESULTS

In order to elucidate the importance of this conventio
scattering mechanisms we now turn to our measurement
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single crystals, which provide profound information in th
regard.

In Fig. 2, we present the complete data set ofk of
La1.82xEu0.2SrxCuO4 (x50, 0.08, 0.15, 0.2! measured along
the c axis (kc) and parallel to theab planes (kab) in the
temperature range 7 –300 K. All compounds are in the L
phase atT,TLT , with a variation ofTLT between about 110
K and 130 K. ForT.TLT andx<0.15, the structure is LTO
in the investigated temperature range. Atx50.2, the com-
pound undergoes a further structural phase transition f
the LTO into the so-called HTT phase~high-temperature-
tetragonal! at THT'220 K.10

Herekc of La1.8Eu0.2CuO4 @cf. panel~a! of Fig. 2# exhib-
its a low-temperature peak around 20 K with a falling ed
that continuously extends toTLT'130 K. A jumplike de-
crease occurs atTLT , followed by a constantkc up to room
temperature. The inset of Fig. 2 depicts a cooling and hea
curve ofkc in the area of the jump. A clear hysteresis bei
a characteristic feature of first-order phase transitions is
dent.

FIG. 2. Thermal conductivity of La1.82xEu0.2SrxCuO4 @x50,
0.08, 0.15, 0.2, panels~a! to ~d!# along thec axis (kc , open circles!
and parallel to theab planes (kab , closed circles! as a function of
temperature. Inset:kc for x50 nearTLT at cooling~full circles! and
heating~open circles!.
7-3
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HESS, BÜCHNER, AMMERAHL, AND REVCOLEVSCHI PHYSICAL REVIEW B68, 184517 ~2003!
For T&50 K, the thermal conductivity along the CuO2
planes,kab , is comparable tokc . The peak centered aroun
20 K is slightly smaller; we findkc

max/kab
max'1.3, which is

similar to the findings in nondoped La2CuO4 and isostruc-
tural La5/3Sr1/3NiO4.19,24 For T*50 K, the temperature de
pendencies ofkab andkc differ completely. With rising tem-
perature,kab strongly increases and evolves into a bro
peak at room temperature. A steplike anomaly is presen
TLT , which is in a similar way hysteretic as the anomaly
kc ~not shown!.

The panels~b! and ~c! of Fig. 2 showkab and kc of
La1.82xEu0.2SrxCuO4 for x50.08 andx50.15, respectively.
For both compoundskab and kc exhibit a low temperature
peak, where the peak ofkab is again slightly smaller than
that ofkc . The temperature dependence ofkc is very similar
to that of kc of La1.8Eu0.2CuO4 in the whole temperature
range. As in the case atx50, kab deviates from the qualita
tive T dependence ofkc above;50 K and evolves into an
increase with rising temperature. A steplike anomaly atTLT
exists in each case, but no high-temperature peak a
La1.8Eu0.2CuO4 is present.

A comparable anisotropy as in the previous compound
also evident atx50.2 @cf. panel~d! of Fig. 2#, but the low-
temperature peak inkc is almost completely suppressed a
kc slightly increases forT*75 K with nearly constant posi
tive slope. The low-temperature peak is even absent inkab .
Here, kab(T) monotonically increases upon heating in t
entire temperature range. AtTLT'110 K no anomaly is
present, neither inkab nor inkc . Apparently, the transition a
THT also causes no anomaly in the thermal conductivity.

V. DISCUSSION

A. Anisotropy

As mentioned before,kc is purely phononic, since elec
tronic and magnetic contributions can be ruled out for h
transport along thec axis. In order to understand th
anisotropies ofk for T*50 K, it is reasonable to distinguis
the casesx50 andx.0. It has been shown in Ref. 18 that
insulating, antiferromagnetic La1.8Eu0.2CuO4 the high-
temperature peak ofkab must be explained by magnetic co
tributions. Upon Sr doping, the doped holes destroy the m
netic order, which leads to a strong suppression of the h
temperature peak~cf. Fig. 2!. Simultaneously, the materia
becomes electrically conducting within theab planes.18,19

Therefore, the much smaller, but apparently still existing
isotropy in the Sr-doped compounds is due to electro
rather than magnetic, contributions tokab . Indeed, an esti-
mation using the Wiedemann-Franz law yields electro
contributions of the same order of magnitude as the obse
anisotropy forkab and negligible electronic contributions fo
kc . The magnetic and electronic contributions tokab be-
come important forT*50 K. Below this temperature,kab
can be considered to be primarily phononic with a simi
magnitude ofkph as kc .52 This is nicely confirmed by the
very similar temperature dependence ofkab and kc in this
temperature range, as shown in Fig. 3. It is remarkable
for all compounds the phonon peak ofkc is slightly larger
18451
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than that ofkab as long as a peak is clearly resolved in bo
quantities. A possible explanation could be related to sligh
different velocities of the acoustic phonons along theab and
c directions.53

B. Phononic peak and jump atTLT

The development of the low-temperature peak ofkph
upon doping can be viewed in Fig. 3. Obviously, the pe
size is gradually reduced as the Sr content increases. A s
lar result is found for the size of the jumpDkc at TLT , which
is shown as a function of doping in the inset of Fig. 3. Wh
the gradual reduction of the peak size can straightforwar
be explained by phonon-impurity scattering, the reduction
the jump atTLT requires further comments. First of all, w
stress the presence of a jump in insulating La1.8Eu0.2CuO4. It
clearly proves that it is caused by soft-phonon scattering
the LTO phase, which therefore has to be regarded as
important scattering channel for phonons indeed. When
scattering channel becomes active in the LTO phase, the
tive importance of phonon-impurity scattering is reduce
The gradual reduction of the jump sizeDkc with increasing
Sr content may therefore be attributed to doping induc
phonon-impurity scattering as well. However, we shou
note that the structural differences between the LTT and L
phases diminish with increasing Sr content. Therefore, a
from phonon-impurity scattering, structural reasons play
role in the suppression of the jump atTLT . This is consistent
with the observation by Baberskiet al., that the jump disap-
pears, whenever the tilting angle of the CuO6 octahedra be-
comes lower than a critical value.20

FIG. 3. Doping dependence of low-temperature peak in the th
mal conductivity of La1.82xEu0.2SrxCuO4 along thec axis (kc , top!
and parallel to theab planes (kab , bottom!. Inset: Doping depen-
dence of the jump sizeDkc at TLT .
7-4
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PHONON THERMAL CONDUCTIVITY IN DOPED . . . PHYSICAL REVIEW B68, 184517 ~2003!
It is now very instructive to considerkph of pure
La22xSrxCuO4 ~cf. Fig. 1! for comparison. Apparently, dop
ing Sr into La2CuO4 suppresses the phonon peak much m
effectively than in the Eu-doped counterpart. On one ha
the phonon peak of nondoped La2CuO4 is by a factor of
about 2 larger than in nondoped La1.8Eu0.2CuO4. On the
other hand the phonon peaks in La1.82xEu0.2SrxCuO4 are
clearly better developed for finite Sr contents with high
maximum values as in La22xSrxCuO4. One has therefore to
conclude that a further scattering mechanism exists
La22xSrxCuO4 which becomes more important upon dopi
and which is absent or at least much weaker in the Eu-do
compounds. In this case, this mechanism must cause a
effective scattering than the surely present phonon-impu
scattering induced by the Eu ions. One plausible candid
~besides scattering due to dynamic stripes! for such a mecha-
nism is soft-phonon scattering connected with the struct
instability of the LTO phase since the soft-phonon energ
decrease further upon Sr doping54 and hence enhance sof
phonon scattering.

In order to judge the relevance of soft-phonon scatterin
measure for its strength with respect to phonon-impu
scattering is necessary. Such a measure could be achi
for example, by comparison with a compound where neit
a lattice instability nor doped impurities are present. Thou
being no cuprate, isostructural La2NiO4 is yet a well suited
candidate perfectly fulfilling these requirements. The phon
spectra of La2CuO4 and La2NiO4 are almost identical55,56

because the atomic masses of Ni and Cu are very simila
low temperatures (T&73 K), this compound is in the LTT
phase and hence a structural instability does not exi57

Moreover, no phonon-impurity scattering is present in t
nondoped compound.

Figure 4 presents our result for phononic58 kab of electri-
cally insulating La2NiO4 in comparison with kab of
La2CuO4 as measured by Nakamuraet al. and with kab of
La1.8Eu0.2CuO4. It is intriguing that the phonon peak o
La2NiO4 is about one order of magnitude larger than t
peak in both La2CuO4 and La1.8Eu0.2CuO4. At TLT'73 K,
the structure changes from LTT to LTO, which also in th
material causes a jumplike decrease in the thermal con

FIG. 4. Temperature dependence ofkab of La2NiO4 in compari-
son with kab of La2CuO4 and La1.8Eu0.2CuO4. The data for
La2CuO4 are reproduced from Ref. 19.
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tivity. Compared to La1.8Eu0.2CuO4 the jump size is larger by
a factor of about 10. In the LTO phase,kab is of the similar
size as in La2CuO4.

It immediately follows from this observation that i
La2CuO4 as well as in La1.8Eu0.2CuO4, the heat carrying
phonons are subject to severe scattering at low temperat
In both cases this scattering obviously suppresses the pe
kph by about one order of magnitude. Translated to
strength of the two discussed scattering mechanisms,
means that referring to a non-impurity-doped LTT pha
both, soft-phonon scattering and phonon-impurity scatter
independently of each other reduce the peak ofkph by almost
the same amount.

This conclusion now allows us to understand the dop
dependence of the phonon peak, when a combination
both, phonon-impurity and soft-phonon scattering is cons
ered. In La1.82xEu0.2SrxCuO4, where the thermal conductiv
ity is already strongly influenced by the Eu ions, Sr dopi
simply further increases the phonon-impurity scattering ra
This consequently leads to a gradual reduction of the pho
peak with increasing Sr content. Soft-phonon scattering
not relevant here.

In La22xSrxCuO4 with the same Sr content than a E
doped counterpart, the phonon-impurity scattering rate
slightly reduced since no Eu ions are present. Yet, the res
ing phonon thermal conductivity is somewhat small
Hence, the effect of a slightly reduced phonon-impurity sc
tering rate must be overcompensated by soft-phonon sca
ing. This is indeed reasonable since it is a qualitatively d
ferent scattering mechanism whose importance upon
doping grows since thereby the relevant soft modes so
further.50

The reappearance of the phonon peak in La22xSrxCuO4 at
high Sr concentrations asx50.3 can now be understood as
natural consequence of the doping dependence ofTHT . For
x*0.22, the LTO phase disappears in La22xSrxCuO4 and the
structure remains in the HTT phase for all temperature59

Hence, forx50.3 soft-phonon scattering associated with t
LTO phase is not active for such overdoped compounds.
result of such decreased phonon scattering is the reapp
ance of the phonon peak.

It is necessary to mention that the growing density
holes as the Sr content is increased in principle could b
further source of scattering and therefore contribute to
reduction of kph and in particular the phonon peak v
phonon-electron scattering. However, since the transition
superconductivity in La22xSrxCuO4 causes no significan
anomaly inkc at Tc ~cf. Fig. 1!, this scattering mechanism i
usually considered to be unimportant in this material and
RE-doped relatives.20 Yet if this scattering channel is activ
in this material no inconsistency to our interpretation aris
because in this case the phonon-impurity scattering indu
by Sr ions can be regarded simply as slightly more effect
than the phonon-impurity scattering induced by Eu ions.

C. Stripes as a scattering mechanism for phonons?

The above discussion ofkph of the insulating materials
La2CuO4, La1.8Eu0.2CuO4, and La2NiO4 provides unam-
7-5
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biguous evidence that phonon impurity and soft-phonon s
tering are important scattering mechanisms for phonon
doped La2CuO4. Since the major doping dependencies of t
low-T peak can be explained based on these mechan
without any problems, there is no compelling reason to
corporate a stripe-induced scattering channel in the data
terpretation. It is unlikely though that stripes in dop
La2CuO4 have no effect at all onkph because the aforemen
tioned stripe-induced phonon scattering in the nickelates24,25

is an unambiguous physical fact. However, it appears
tremely difficult to prove the existence and to study t
strength of purely stripe-induced scattering in dop
La2CuO4 via kph. This is not only because phonon impuri
and soft-phonon scattering are already dominatingkph in in-
sulating La2CuO4; due to the intimate relation of LTT phas
and stripe dynamics, scattering on fluctuating stripes in
Sr-doped compounds could be viewed as an altered bu
ready existing soft-phonon scattering, i.e., from this point
view these two scattering mechanisms are conceptually
distinguishable.

D. High temperature increase ofkph

For completeness, we briefly mention the unusual te
perature dependence ofkc , which is evident at higher tem
peraturesT*100 K. Instead of a decrease as;T21, which
at elevated temperatures is usually expected for thermal
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ductivity by acousticphonons,kc is almost temperature in
dependent or even increases with risingT. As has been
shown in Ref. 60, this strong deviation from the usual b
havior arises due to thermal conduction by dispersiveoptical
phonons in addition to the usual contribution by acous
phonons.

VI. SUMMARY

In summary, we have presented experimental results
the thermal conductivity of La1.82xEu0.2SrxCuO4 for a wide
doping range of Sr. The analysis of our data suggests tha
this material, phonons are strongly scattered on the do
impurities, i.e., Sr and Eu, as well as on soft phonons that
present in the LTO phase of this material. Comparison of
data with the thermal conductivity of La22xSrxCuO4 and iso-
structural La2NiO4 leads to the conclusion that these scatt
ing mechanisms are most relevant in La22xSrxCuO4 as well.
In particular, in contrast to other studies,20–22 there remains
no direct evidence that the stripe correlations cause a
evant scattering channel in doped La2CuO4.
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