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Abstract
*"Fe - and '°Sn Mdssbauer effect studies on 0.5at%"Fe (or *Sn) doped
nop-superconducting La, 5sNdy ¢St 15CuQ, in the temperature region 300 K
2 T 2 4.2 K reveal an onset of local magnetic ordering occuring at T, ~
32 K for both *"Fe - as well as ''*Sn-doped samples. The local magnetic
ordering shows up in the presence of a very large transferred hyperfine field
of Buy 2 11.0(5) T at the '°Sn nuclei. Since such a large field is neither pre-
sent in antiferromagnetic La,CuQ;, nor in superconducting La, 45Sry.1;CuO,
or overdoped La,...Sr,CuQy (x = 0.4), the occurrence of such local spin corre-
lations seems to be a signature of the non-superconducting low temperature

!:egrt_agc@d phase of Lal_”Nda,QSI'o_“CUOQ.
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The low temperature (LT) structural phase transition from the orthorhombic
to a tetragonal (space group P4;/ncm) phase occuring in
(La:..Nd, ), 4s5r5.15CuO, at a temperature T,y seems to be in competition
with the superconducting transition at T, [1,2). The compound remains in
the LT orthorhombic (LTO) phase and is superconducting as long as T, »
Trr, which is the case for x < 0.18. When T,y becomes larger than T,
(extrapolated from the Nd-dependence of T.), which is the case for Nd-
concentrations x > 0.18, the compound transforms in the LT tetragonal
(LTT) phase, wherein there is no longer bulk superconductivity. The ma-
gnetic properties of this gog-superconducting LTT phase are of great interest
especially with respect to the Cu-moments. Susceptibility (x) measurements
[3] show that x essentially is determined by the N d-moments with a parama-
gnetic behavior down to the lowest measured tempera.fﬁre (=~ 2 K). There is
no indication of any long-range magnetic ordering of the Nd- or Cu-moments
for T > 2 K in these experiments. Recent neutron diffraction atudjesI[4] on
single crystals of La, 44Ndo 5Sr0.12Cu0O4 also do not show long-range spin or-
der in the LTT phase. The authors suggest a glassy state for the explanation

of their observed results.

Massbauer Effect (ME) spectroscopy, on the other hand is a microscopic
method, which offers the possibility to study the local magnetic properties:
one observes a magnetic hyperfine field at the Mdssbauer nuclei (*"Fe or 198n)
if the system exhibits any static local magnetic order. It is for this reason that
we have studied *"Fe - as well as '*Sn-doped La, 5sNd, ¢Sty 15Cu0, by means
of ME spectroscopy. ME experiments on superconducting La, 4sSr,,sCuO,
doped with *'Fe as well as '*Sn already have been performed by other groups
[5-8]. Therein it was concluded that the dopant atoms occupy the Cu-site.
This conclusion was drawn from the fact that both Fe- and Sn-doping lead
to a strong reduction of T, already at very low dopant concentration (T. is
decreased by 2 10 K for both 0.5 at%Fe- and 0.5 at % Sn-doping (5,8]). *'Fe-
and ''’Sn-studies on gop-superconducting La, 3sNdo ¢Sr5.14CuQ,, therefore,
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will give informations on the local magnetic order around the Cu-site in this
compound.

Samples were prepared by standard solid state reaction. The stoichiometry
of the samples was checked by energy dispersive X-ray (EDX) and chemical
analysis. Powder X-ray diffraction showed the samples to be single phase.
ME experiments were performed in a variable temperature liquid He cryostat
in the temperature region 4.2 < T < 300 K. The **Co:Rh- and Ba!'*"SnQ,
-ME-source always was kept at room temperature.

Fig. 1 shows the *'Fe ME spectra for temperatures between 300 and 70
K. These specira can be fitted with one quadrupole doublet {9-11), whose
hyperfine (bf) parameters essentially are identical with those reported for
*"Fe-doped La, 4551y 15CuQy [5,6]. In fig. 2 the bf parameters (center shift §,
quadrupole splitting AEq) in the temperature region near the LTO — LTT
phase transition are presented. The straight lines in this figure are drawn in
such a way that they extrapolate to the measured hf-data at 300 K. From
this we can conclude that the LTO — LTT phase transition at T,y ~ 80 K
[1,2] has no measurable influence on these hf parameters. This is what one
would expect, since there is no measurable volume change (AV/V < 10~°)
between the LTO and LTT phase [12].

A drastic change of the *’Fe-ME spectrum, however, occurs around 32 K: at
this temperature the quadrupole doublet becomes strongly asymmetric [see
fig. 3(a)), indicating the onset of local magnetic ordering or slow paramagne-
tic relaxation. The *Fe-ME spectrum is fully magnetically split at 4.2K [see
fig. 3.(b)). The apparent asymmetry in the relative line intensities indicates
that this spectrum is composed out of two sextetts with slightly different
hf parameters. This is due to the already above mentioned fact that there
are two Fe-sites with slightly different sourroundings in La, ¢5Sr,.,5sCuQ, and
La, 3sNdq 6510.15CuQy, respectively. This point is not essential for the purpose
of the paper, but it has to be taken into account in order to give a satisfac-



tory fit to the 4.2 K-spectrum. The spectrum has been fitted taking the
complete Hamiltonian (magnetic and quadrupole interaction) and assuming
that the quadrupole interaction for both sextetts is given by the AEg values
measured between 110 and 70 K and extrapolated to T — 0 [AEg(0) ~ 1.64
mm/s]. The hf-data of these two sextetts are: (Bas): = 45.9(2) T, (Bs)a
= 46.7(2) T, center shift (relative to o-Fe at 300 K): 6, = 0.48(2) mm/s,
8 = 0.31(2) mm/s. The angles ©; between the direction of (Bss )i and the
main component Vz; of the electric field gradient (EFG) tensor are small,
namely ©, = 7(1.5)° and ©, = 28(1.5)°. Our result on the local magnetic
order in 0.5 at%"*"Fe-doped La, 2sNd, ¢Sr,,5CuQ, is in contrast to that found
in 0.5at%""Fe-doped superconducting La,; 45Sr0.15CuQy [11): there an onset
of local magnetic ordering occurs at much lower temperature (=~ 8 K) and
the angle © is ~ 90°, changing to © ~ O° for Sr-concentrations > 0.2 only.
The magnitude of B,, in La, 1sNdy 4815,5Cu0y, on the other hand, is slightly
larger than that in La, 4510 ,4Cu0, (By; ~ 42 T).

In order to check if the observed local magnetic ordering occuring at Ty, ~
32 K is due to the Fe-moments, we additionally have performed !'*Sp-ME
experiments on 0.5at%"'*Sn-doped La, ;5Nd, ¢Sto.14CuO,. Sn, in contrast to
Fe, is diamagnetic and does not carry any magnetic moment. Fig. 4 shows
the ''*Sn-ME spectrum at 300 K. This spectrum essentially is identical with
that observed in 0.5at%''*Sn-doped La, 45Sro.,4Cu0, [7.8]. It can be fitted
with one quadrupole doublet with AEq = 0.72(3) mm/s, § = 0.12(2) mm/s
relative to Ba''*"SnQ, at 300 K and linewidth T = 0.97(2) mm/s. The 4.2
K - 1Sp-ME-spectrum of La, 3sNdq Srp.15CuQ,, shown in fig. 5, is quite
remarkable: it shows a large transferred magnetic bf field at the majority
of the ***Sn nuclei. The spectrum has been fitted using a magnetic and
non-magnetic (B,y; = 0) component and assuming the same quadrupole in-
teraction for both components. A broad hf field distribution for the magnetic
component was simulated by introducing an additional line broadening pro-
portional to the line position. The average hf field was found to be By ~

CBPF-NF-046/93 ~
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11.0(5) T. The obtained quadrupole interaction is =< -0.6 mm/s, close to the
value observed above the magnetic ordering temperature. The fraction of
the non-magnetic component was found to be ~ 7%.

In order to determine the onset temperature of local magnetic ordering in
0.5at%"?Sn-doped La, ;5sNdq¢5r51sCu0O, we have measured the area A of
the central quadrupole doublet (= By,; = 0) as a function of temperature as
shownin fig. 6. A sharp decrease of A is observed around Ty = 32 K (Notice:
the straight line for T » 32 K extrapolates to the geasured value of A at T =
300 K). This temperature coincides with that observed for 0.5at%*Fe-doped
La, 2sNdy 4514 15CuQ, [see fig. 3(a)]. We thus can conclude that the onset of
local magnetic ordering in this compound is pot caused by the Fe-moments

but must be an intrinsic temperature of the system.

Our '*Sn-ME results at 4.2 K on 0.5at%-""*Sn-doped pon-superconducting
La, isNdp ¢Sro.15CuQy are quite in contrast to those found in 0.5at%-'1"Sn-
doped superconducting La, 4sSr0.,;Cu0, by Abd-Elmeguid et al. [8]: no in-
dication of any static local magnetic order has been seen by these authors.
Shinjo et al. [7], on the other hand, report on a large transferred hf field
of By 22 10 T at the majority of the **Sn nuclei in La, 4Sr, ;;CuO, doped
with 1at% and 2at% *'*Sn, respectively. An additional weak, non-magnetic
component with By, = 0, similar to our finding in La, ,sNd, Sro_I;CuO4
also was seen in these experiments. The seemingly contradictionary re-
sults of Abd-Elmeguid et al. and Shinjo et al., together with our results
on nop-superconducting La, 3sNdo ¢Sy 15CuQ,, can be explained in the fol-
lowing way: high Sn-doping (> 1at%) of superconducting La, ¢5Sro.15Cu0,
leads to inhomogenous samples, where most of the sample is in a pon-
superconducting state with a large B,\, at the '*Sn nuclei. The remaining su-
perconducting phase gives the non-magnetic part of the '*Sn-ME spectrum.
The fact that the 4.2 K - '*Sn-ME spectrum of our pomn-superconducting
La, 3sNds ¢5ra 1sCuQ, sample also contains a non-magnetic component (~

7% of total intensity, see fig. 5) is an indication for a non-complete LTO —
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LTT phase transition. The superconducting LTO fraction, as obtained from
X-ray analysis is < 5 %. This discrepancy between ME and X-ray results
can be explained if we assume that the remaining (>~ 7%) LTO phase, seen
in ME experiments, mainly is present in form of microcrystalline domains
not detectable by X-ray diffraction.

We thus come to the conclusion that local magnetic ordering of Cu-mo-
ments occurs at Ty =~ 32 K in the pon-superconducting LTT phase of
La, 3sNdo ¢516.1sCuO,. The coincidence of T, with the superconducting tran-
sition temperature T, of the LTO phase at the critical Nd-concentration x
0.18 where bulk superconductivity dissappears may be just accidental. Ad-
ditional experiments with different Nd-concentrations in the region 0.18 < x
< 0.6 are planned in order to check if Ty depends on X.

Local magnetic ordering of the Cu-moments also has been found in
La,_,Ba,Cu0, around x = 0.12 by positive muon rotation (13,14]. In the re-
gion 0.11 < x £ 0.135 a structural phase transition from the LTO to the nogy-
superconducting LTT phase, exactly like that in (La;-,Nd.,); sSr0.15Cu0, for
x > 0.18, takes phase in La,_,Ba,CuO, [15]. Magnetic ordering of the Cu-
moments appears in the LTT phase of La, ssBag ;;Cu0, below T, = 35 K.
Other evidence for local magnetic ordering of Cu-moment in the LTT phase
of La; ¢sB20 1;CuQ, has been obtained through NMR studies {16).

The fact that a large transferred hf field By, at the **Sn nuclei only is obser-
ved in metallic, non-superconducting La, 2sNd, ¢Sro 1sCuQ, and Sn-overdoped
La;_,5r,Cu0O, but pot in the insulating aatiferromagnet La,CuO, [7,8,17]
might suggest that a large B,y is typical for the mmetallic, non-superconducting
state. However, the additional finding by Shinjo et al. [6] that there is
1o large Bis, in overdoped metallic La, 4Sr, (CuQ, shows that the situation
is not that simple. The reason for the dissappearance of superconducti-
vity in La, ;sNdg ¢Sty ,5CuQ, is the occurence of the LTT phase transition

[2}. In contrast to this, the suppression of superconductivity in overdoped
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La,.,.Sr,CuQ, definitely is not due to the occurence of the high-temperature
tetragonal (HTT) phase as concluded by Takagi et al. [18] but caused by a do-
ping effect of the CuO-planes [19]. The latter conclusion is drawn by experi-
ments on (La,_,Pr,), 45Sr.15CuQ,, where the HT'T phase transition is shifted
towards much higher Sr-concentrations, while the dissappearance of super-
conductivity is not influenced by the Pr-substitution. A consequence of this
is, that the Cu-moments essentially dissappear in overdoped La,_,Sr,CuO,,
while this is not the case for the LTT phases of (La;_.Nd, ); 45510 1sCu0,
and La,.,Ba,Cu0Q,, respectively. Strong short range Cu-moment correlati-
ons apparently exist in the latter compounds below T, lead.ing. to a large
By a3 experimentally observed in La; 35Ndy 6S10.15Cu0,. The existence of
a large By, in the LTT phase of La,_,Ba,CuO, has not yet been proven.
198n-doped La, 55Bag1,CuQ, are under way to show that a large By, is a
general signature of the non-superconducting LTT phases.

This work was supported by the Deutsche Forschungsgemeinschaft (SFB
341). One of us (H.M.) thanks the CNPq (Brazil) for financial support du-
ring his summer visit, at the CBPF, Rio de Janeiro, where the experiments
have been performed. Helpful discussions with F.J. Litterst are gratefully
acknowledged.
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Fig. 1: ¥Fe-ME spectra of La, 33Nd, ¢Srs.13Cu0, doped with 0.5at%"'Fe at va-
rious temperatures (70 € T < 300 K). The spectra have been fitted
with one quadrupole doublet.

Fig. 2: Hyperfine parameters (quadrupole splitting AEg, center shift §) of qua-
drupole doublet shown in fig. 1 in the temperature region around the
LTO — LTT phase transition. The straight lines through the data
point are extrapolated to the measured hf parameters at T = 300 K.

Fig. 3: *"Fe-ME spectra of La, 3;Nd, ¢Srq15CuQO4 doped with 0.5at%"*"Fe at T
= 32K [fig. (a)] and T = 4.2 K [fig. (b)]. The 32 K-spectrum has been
fitted with an a.syrﬁmetric quadrupole doublet, the 4.2 K-spectrum with
a combined magnetic and quadrupole interaction as described in the
text.

Fig. 4: '°Sn-ME spectrum of La, ;sNd; ¢Sry 15Cu0, doped with 0.5at% ''*Sn at
T = 300 K. The spectrum has been fitted with one quadrupole doublet.

Fig. 5: '*Sn-ME spectrum of La, 33Nd, ¢St515CuO, doped with 0.5at% ''*Sn
at T = 4.2 K. The spectrum has been fitted with a non-magnetic and
magnetic component as described in the text.

Fig. 6: Resonance absorption area A of non-magnetic part in '*Sn-ME spectra
as a function of temperature around Ty =~ 32 K. The line through the
data points for T < 32 is guide to the eyes. The straight line for T > 32
K is drawn in such a way that it extrapolates to the measured value of
AatT=300K.
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