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EPR studies of Mn-doped YBa,Cu,0,_5 composites
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The preliminary results of EPR experiments on superconducting Mn-YBaCuO composites are reported. The
measuremenis were done in X band in the temperature range 4-300 K. Three distinct EPR components were observed
possessing different g-factors and a rather different temperature behavior. For similar nonsuperconducting samples,
only two signals were observed. The nature of the different components is discussed from the comparison of the results.
It is shown that, among the superconducting samples, two of them originate from Mn“* paramagnetic centers while the
third one presumably comes from Cu“* paramagnetic center. For the nonsuperconducting samples, a magnetic phase
transition in an ordered state has been revealed at 25 K. This transition seems to be stimulated by the presence of Mn
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ions or clusters, probably located in the CuO chains.

I. Introduction

The magnetic properties of high-T . cuprates have

becn extensively investigated' during recent years be-
causc it has been suggested that antiferromagnetic
interaction between Cu ions in the CuO, layers plays

an important role in the superconductivity. Different
methods, including neutron scattering, NMR, muon
rotztion and magnetic susceptibility have been suc-
cessfully used for the high-T, compounds studies.

The idea of Cu substitution by of other ion from the
transition-metal group provides new possibilities for
probing the magnetic interactions of high-T', cupra-

tes. The structural, magnetic, transport and super-

conducting properties of YBa,Cu; M O, ; and

Laz_xerCul_yMyO4 , where M = Ni, Co, Fe, Zn
have been reported [1]. The problem in question, in
experiments of this type, is how the doping affects the
Cu electronic state in the CuO, plancs. By increase in
the doping element, the way in which the T is sup-
pressed can be studied. This provides additional in-
formation on the electronic state of Cu ions and the
charge mobility in CuO, planes {2-4]. Also, incor-
poration of paramagnetic ions serve as a probe in EPR
experiments, giving evidence of the low frequency spin
dynamics of superconducting cuprates [5,6 ]
Recently a new, unexpected aspect of the substitu-
tion technique has been discovered [7-91. 't was
found that doping of YBa,Cu,0,_; (noted YBCO)

materials by a small amount of Mn ur Nb atoms sti-
mulates, instead of suppressing, the <uperconductivi-
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ty. In the presence of small Mn concentration the
temperature of superconducting phase transition of
YBCO reaches 94-95 K [7,8 ] while in the case of Nb
doping, T, increases up 10 97 K [9].

In this communication, preliminary results con-
cerning the EPR investigation of the superconduc-
ting Mn-YBCO composites are reported. The
results are compared with similar nonsupercon-
ducting Mn-YBCO samples, in order to analyze and
interpret the different observed signals.

' I1. Sample preparation and characterizations

Composites were formed by mixing the two mic-
rons-sized YBCO and Mn powders, varying the Mn
weight from 2 to 7%. The thermal cycle consisted in
heating the samples under argon flow, up to tempera-
tures, T, in the range 820~980 °C. The nonsuper-

st
conducting samples were obtained by quenching from
T,. down to 77 K. The superconducting samples we-
re prepared using the same therm'al cycle'up to I
and then the sintering was decreased down to 200 °C,
in oxygen atmosphere, with a step at 450 °C for two
hours. Systemalically, different characterizations we-
re carried out on the samples: 1) alternative resistance
measurements in a classical, closed-cycle helium cryos-
tat, in the range 20 to 300 K, R(T); ii) Scanning
Elcctron Microscopy study with energy diffraction
spectroscopy analysis; iii) x-rays diffraction meas-
urements. Variations of the sample sintering tempe-
rature, from 820 to 970 °C, provide information con-
cerning the evolutive electrical and chemical behavior
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Fig. 1. Evolution of T, (zero resistance) versus sintering tempera-
ture T » in the range 820~980 °C for two different Mn concent-
rations of the Mn-YBCO composites. The T, of pure YBCO was mea-
sured at 91 K.

of the material, especially by changing its stoichio-
metry.

The R(T) curves of the superconducting Mn-YBCO
composites are characterized by: a metallic behavior
and small R,,, value in the normal state; a sharp

superconducting transition (width of about 2 K) with
a zero resistance temperature varying up to T’ cmax =

= 94 K; the reference of pure YBCO ceramic exhi-
bited a zero resistance at 91 K.
The total evolution of the T of the Mn-YBCO com-

posites vs. T, for two different Mn concentrations is

presented in Fig. 1. From this Figure it can be seen
that a similar behavior is observed whatever the Mn
concentration is. It is clear that: i) T, is increasing for

sinterin'g temperature up to 860 °C, whatever the
value of x; ii) T, is stabilizing from 860 °C and up to a

T, value dependent on the x-Mn content; the cor-

responding measured T . are 93.8 and-93 K for

composites with 5 and 7% Mn (sintered at 930 and
920 °C, respectively). Compared with pure YBCO, one
improvement of T, is obtained for each x value; iii)

T is decreasing, in a more pronounced manner, when

both x and T, increase. Figure 1 shows that the

higher Mn content is, the lower the T;q, NECESSAry to

int
optimize Tcmax .

II1. Results and discussion

EPR experiments in X band were performed with a
Bruker ESP 300 spectrometer, using a gas-flow cryo-
stat (Oxford ESR9) and Varian rectangular dual ca-
vity (TE104). The spectra of the two types of samp-
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les, using the 5% Mn concentration, were collected
from 300 to 4 K.

Though the Mn-doped YBCO materials are very
rarely discussed in the literature, it seems that Mn2t
is the most promising substitution candidate for EPR
purpose, having a S-ground state with a well defined
g-factor that is very close to 2. We took advantage of
the Mn ions presence in YBCO ceramic, trying to
shed more light on the unusual effect of the T, stimu-

lation by a small Mn concentration.

a) Superconducting samples

Figure 2,a shows the typical shape of EPR spectra
collected at room temperature for the superconduc-
ting 5% Mn-YBCO sample, sintered at 930 °C. The
observed signal, represented by the solid line, has
two distinct components and can be fitted by two Lo-

T=300K

di/dH, arb. units
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Fig. 2. EPR spectra of 5% Mn-YBCO superconducting composite
sintered at 930 °C at v = 9.38 GHz. The solid line represents the
observed signal. The two Lorentzian components used in the fitting
procedure are also shown (dashed lines). @) T=300K; b)) T =
= 150 K. The narrow line (noted as the a-component in the text)
corresponds to the CuZ+ signal and the broad one (noted as the b-

component) — to the Mn2* signal.
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rentzian lines, with the following parameters: g, =
= 2.11, AH, = 160 Oe and 8= 2.02, AH, = 660 Oe,

respectively (here and in the discussion that follows,
AH stands for the peak-to-peak linewidth). Taking
into account the g-factor values of the detected com-
ponents we can identify them, respectively, as a Cu
signal (noted a-component, narrow line) and a Mn
signal (noted b-component, broad line). It is worth
noting that the relative amplitude of the observed
components [, /I » depends on the sintering tempera-

the I /1,(Tg,) depend-

ence exhibits a maximum around Ty = 930 °C and

two deep minima around 830 and 70 °C. This obser-
vation can give some indications on the distinct line
origin.

When temperature decreases, the observed EPR
spectrum undergoes the following transformations.
The first line (e-component) displays changes in the
fposition and linewidth when temperature approaches

ture in a similar way as T'; :

c *
component (b-component) presents a linewidth that
decreases substantially, passing through a minimum
near T, , and then increases very rapidly (Fig. 3). Its

position, which, at first, changes only slightly downgfo
T,, then becomes strongly temperature-dependent,

reaching a g-factor value = 3.1 (Fig. 4). Finally, this
EPR component disappears completely below 10 K,
due to a strong broadening effect.

A detailed analysis of the line shape temperaturﬁ;
variations of the b-component of the observed spectra
shows that it deviates progressively from a Lorentzian
shape when temperature decreases below 250 XK. Fig-
ure 2,b shows the EPR signal pattern at 150 K (solid
line) and examples of the simulated spectra (dashed
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Fig. 3. Temperature dependence of the linewidths of the comporting
of the observed EPR signal in the superconducting sample sintered
at930 °C, T (zero resistance) = 94 K.

754

and disappears below T, . The initially broad .-
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Fig. 4. Temperature dependence of the effective g-factor of the
components comprising the observed EPR signal in the supercon-
ducting sample sintered at 930 °C, T (zero resistance) = 94 K.

lines). It is clear that while the sum of two Lorentzians
fits the central part of the observed spectrum rather
well, a systematic deviation between them in the wings
of the spectrum cannot be accounted for by two Lo- -
rentzian approximations. Analysis of the intensity
temperature dependence of the observed spectra leads
to the same conclusion: below 250 K, there is a sys-
tematic redistribution of the signal intensity from center
1o the wings of the signal. The difference between the
observed signal and the sum of the two Lorentzian
curves can be treated like a third Lorentzian com-
ponent (noted c-component, see Fig. 3), with a g-fac-
tor close to 2.0 = 0.1. Considering this g-factor value,
we ascribe this component to a Mn2* signal. Such a
deconvolution provides a satisfying fit of the tempera- -
ture dependence of the results. An additional point in
favor for introduction of a new EPR component has
been found by investigating the nonsuperconducting
Mn-YBCO samples (see below).

Since the absence of EPR signal from Cu ions in
pure YBCO compound is now widely recognized, a
basic problem of EPR spectroscopy in high-T, ma-

terials is the EPR signals assignment. Whether the
signals are due to spurious phases or not is the most
impoiiant question to be resolved. While it is possible,
in principle, that the observed signals come from im-
purities, several features argue for their YBCO lattice
origin. The first remark we can make is that, in our
Mn-YBCO samples, we have not found any trace of
the so called «green phase» which was observed with
pure YBCO material.

We shall start to discuss the problem of the lines
origin from the s-component of the spectra. Several
characteristics are of importance for this line assign-
ment. First, a quasi-one-dimensional low-tempera-
ture behavior exhibiting both strong line shift and
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line broadening in the large temperature interval can
be due to a growing role of antiferromagnetic fluctua-
tions. This shows that we are dealing with a magneti-
cally concentrated system of Mn?* jons, witha strong
exchange interaction that geometrically is one-dime-
nsional. Second, a significant correlation exists be-
tween T, and the observed linewidth and line posi-

tion. This fact kas been checked on samples present-
ing a lower 7', to avoid an coincidence; it demonst-

rates that the one-dimensional Mn2* clusters some-
how «see» the supeconducting phase transition.
Third, the b-component signal crosses T . Without
changing its intensity and this gives an indication
concerning the place of the Mn-clusters in YBCO
crystals. Presumably, we assume thai this signal co-
mes from one-dimensional Mn clusters located in the
walls between the different crystallographic twins,
which usually demonstrates an oxygen deficit and,
therefore, can give a dielectric response without a scree-
ning effect.

A strong correlation have been observed for the a-
and c-components between the signals intensity and
the onset of superconductivity in the metallic samples.
This argument cannot usually be used in favor of a
bulk origin of the signals; however, in combination
with the observed broadening of the a-component in
the metallic phase, which starts at 150 K, this correla-
tion strongly proves the bulk origin of the signals (see
Fig. 3). We identify them as copper and manganese
signals for the a- and ¢-components, respectively, pro-
bably belonging to the CuO chains in the YBCO lat-
tice. Justification of this assignment is given by the
measurements of the EPR signals of nonsupercon-
ducting YBCO samples.

b) Nonsuperconducting samples

Their EPR spectra are presented in Fig. 5. They
look different from those of the superconducting samp-
les. Two Lorentzian lines fit the detected EPR spectra
quite well for all temperatures, except for the low-
temperature region, below the magnetic phase transi-
tion near T, =25 K. Slight changes in the room

temperature g-factor values of the two Lorenizian
components, g =J2.11 andg, = 2.01, have been seen

when the temperature decreased, in the region above
T, . Below T, , the two EPR components exhibit

both line narrowing and line shape distortion. At T =
= 4 K, the average effective g-factors are g, =213

and g, = 2.18. Note that the g-factor values and the

temperature dependence of the a- and c-components
of the nonsuperconducting sample (Fig. 6), in the
range 100-300 K, are very similar io those of the q-
and c-components of the superconducting samples.
This gives an a posteriori justification for introducing
the c-component in the superconducting case and gives
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Fig. 5. EPR spectra of 59, Mn-YBCO nonsuperconducting com-
posite sintered at 930 °C atv = 9.38 GHz and 7" = 150 K. The solid
line represents the observed signal. The two Lorentzian componentis
used in the fitting procedure are also shown (dashed lines).

strong indications about the out-of-CuQO,-plane

origin of the two components. A gradual increase in
the c-component linewidth when temperature
decreases, behavior which is typical for one-dimen-
sional antiferromagnetic systems and the strong
linewidth narrowing of both components (a- and ¢-),
observed below T,, , support the idea of their CuC
chain origin. The resulis observed at T < T,, and also
the observed parallelism in the two components be-
havior indicate an ordering process in the antifer—
romagnetic CuQ chains in the YBCO lattice {10]. In
this case T, is the ordering temperature of the CuO
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Fig. 6. The linewidth temperature dependence of the two
components of the EPR spectra in nonsuperconducting sample of
the 5% Mn—-YBCO composite.
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chains, which can be thc Neel temperature of these
chains.

1V. Conclusion

In conclusion, using EPR experiments on super-
conducting and nonsuperconducting Mn-YBCO com-
posites, it is possible to analyze the dopant behavior.
Our important finding concerns the Mn2* position in
the YBCO lattice. Most probably, the Mn2* ions en-
ter the CuO chains in YBCO lattice and somehow
control the sample oxygenization process and also
some structural oxygen ordering. This question
should be clarified in the experiments on single crys-
tals which are currently being carried out. Another
important observation-is that, in the Mn-YBCO
samples, prepared by the composite technology, we
have not found any trace of the so called «green pha-
se» which, evidently, plays a negative role in the
sample oxygenization and Cu stoichiometry of the
YBCO material.
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