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Dopping Effect of Fluorine Atom on the Superconductivity of YBa,Cu,0,_F,
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The normal and fluorinated high-Tc superconducting materials, Y Ba,CusO7_F, with 0.25<x<0.55 and 0.00<y<0.30, were
synthesized to investigate the dopping effect of fluorine atom on the superconductivity of Y123 and studied by X-ray diffraction
analysis and electron probe microanalysis, resistivity and thermopower measurements, and polarized micro-Raman spectros-
copy. The reproducible micro-Raman spectra were recorded and analyzed. The coherent assignments could be suggested
for the spectra of normal and fluorinated samples. The fluorine atoms introduced were found to be substituted for oxygen in
pyramidal Cu-O units rather than in Cu-O chains. The unit cell parameters were decreased upon the substitution of oxygen
by fluorine atom. From the decreasing cell parameters and Tc, the increasing thermopower, and the possible assignments of
the vibrational modes, it could be suggested that the dopping of fluorine atom localizes the superconducting electrons in

Y123.

Introduction

The thermopower measurement has been considered to
be a fine method to study the electronic properties of super-
conductor based on its sensitivity to the electron energy-
band structure and the electron-excitation interactions.
Since the experimental results as well as their interpretations
differ from one to another!™, this is true only if the obtained
experimental results are comprehensive and interpreted ex-
actly. It is well known that the oxygen content in a supercon-
ducting YBa,Cu;0,_, is an important parameter to determine
its superconductivity. In this point of view, it is important to
study the thermopower of the new oxide superconductors as
a function of the oxygen content for a exact superconducting
properties.

The thermopower of YBa,Cu,0,, superconductive
ceramic samples was measured as a function of oxygen con-
centration based on the different baking temperatures of the
samples'®. Choi et al.'° found that both the magnitude and the
temperature dependence of the thermopower strongly de-
pend on the oxygen deficiency in the YBa,Cu,0,._,.

It was also found and suggested that the magnitude of the
thermopower as a function of oxygen deficiency varied con-
sistently with the change of the superconducting electron
density and the magnon-drag effect should be considered

seriously for the superconducting YBa,Cu,0,_,.

On the other hand, it is helpful in order to understand
superconductivity of YBa,Cu 0,_, to investigate whether the
fluorine atoms are substituted for oxygen atoms in the chain
Cu-0 or the pyramidal Cu-O of the superconductor YBa,Cu,
0., by Raman spectroscopy. It has been reported by several
workers''"'® that the Cu-O vibrations in the superconducting
Y123 system are consisted of Cu~-O bending, chain Cu-O
stretching and pyramidal Cu-O stretching based on Raman
spectroscopy studies. The Raman lines at 335,506 and 601
cm™! have been assigned to Cu-0Q bending, pyramidal Cu-O
strectching and chain Cu-O stretching vibrations, respec-
tively. The symmetric and asymmetric pyramidal Cu-O
stretching vibrational modes have also been observed at 502
and 589 cm™ respectively in Y123 superconductors'31%,

The aim of this work is to investigate the dopping effect
of the fluorine atom on the superconductivity of the fluori-
nated Y123 system from X-ray and electron probe micro-
analyses, resistivity and thermopower measurements, and
Raman spectroscopy.

Experimental

YBa,Cu,0q 75 was prepared from the following mixture:
0:5000 Y,03, 2.000 BaCO; and 3.000 CuO. Y1230, F,
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phases containing varying amounts of fluorine atoms were
prepared from the following sets of mixtures: 2.950 CuO,
0.0500 CuF,, 0.5000 Y,0, and 2.000 BaCOj; 2.925 CuO,
0.0750 CuF,, 0.5000 Y,04 and 2.000 BaCO,; 2.900 CuOQ,
0.1000 CuF,, 0.5000 Y,0; and 2.000 BaCOjs; and 2.850 CuO,
0.1500 CuF,, 0.5000 Y,04 and 2.000 BaCQO,. Each mixture
was ball-mill-mixed, finely ground, calcined at 840 °C for Sh
in air, sintered at 920°C for 8h in air, annealed at 740°C for
13h in air, and then cooled to room temperature in air at a
cooling rate of 40°C h™!. The well-mixed powder was press-
ed into a pellet under 49.03 MPa and the pellet sintered at
910°C for 14h in air and then annealed at 520°C for $h. After
annealing, each specimen was furnace-cooled to room tem-
perature at a cooling rate of 40°C h™!, Assuming that no hy-
drolysis exists and the CuF, is stable, the expected composi-
tions are close to Y1230 4:F( 0 Y123046,Fq 15 Y1230455
Fo20 and Y1230 45F 3.

X-ray diffraction powder analyses were carried out on a
diffractometer (Philips, PW1710, CuKe) equipped with a
curved graphite monochromator in a selected beam path.
Electron probe microanalyses were performed to see if
BaCuO, microcrystals were incorporated in the larger nor-
mal and fluorinated Y123 polycrystals, since the Raman
spectra lines due to this BaCuQ, impurity phase as well as
the present normal and fluorinated Y123 superconductors
were observed at frequencies of 630-640 cm™. No BaCuO,
phase was detected by electron probe microanalyses (EP-
MA, JEOL JCX 333).

A specimen of about 1.4 x 6.0 x 15 mm? in volume was
cut from the pellet and used for resistance measurements by
a standard four-probe a.c. technique. Copper wires were
employed as electrical leads and were attached to the sample
with conducting indium. The current used for the resistance
measurements was 5-30 mA. The resolution of the voltage
measurement was 1 x 1077V. The potential difference was
measured with a lock—in amplifier (EG & G Co., PARC 5210}
up to 10 £V on an IBM-PC/AT and the frequency was fixed
near 110Hz. The temperature was measured with a copper-
constantan thermocouple. A multiplexer board (PCLD 789
MUX; Advantech Co., Ltd.)) and a 14-bit A/D converter
(PCL 714; Advantech Co., Ltd.) were used to convert voltage
into temperature, and the error range of temperature was
+0.01°C. The measured resistance was converted to resis-
tivity using cell parameters. The thermopower was meas-
ured by employing the dc method. A sample with a typical
volume of about 10 x 2 x 0.2 mm® was mounted on two cop-
per blocks, one of them was heated by a nichrome wire. The
temperature gradient across the sample was monitored by a
Chromel-Constantan thermocouple mounted independently
on the copper blocks. The resistivity was measured through
the low-frequency a.c. four-probe technique.

Polarized Raman spectra of selected micro—crystals ex-
tracted from sintered samples were recorded at room tem-
perature on a Dilor micro-Raman spectrometer (Omars 89)
equipped with a photo-diode array multichannel detector
and an ion argon laser source (Spectra-Physics 164) emitting
a line at 514.5 nm.

Results and Discussion

The typical powder X-ray diffraction patterns of the nor-
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Figure 1. X-ray diffraction patterns of YBayCuz0Og 75(a) and YBa,
Cu30¢ 45F ¢ 30(b) superconductors.

Table 1. Unit Cell Parameters for the Normal and Fluorinated
YBayCu307_,F, Superconductors with Orthorhombic Symmetry

x y a(A) HA) dA)
0.25 0.00 3.855 3.895 11.77
0.55 0.30 3.800 3.840 11.62
0.45 0.20 3.820 3.860 11.68
0.40 0.15 3.830 3.870 11.71
0.35 0.10 3.840 3.880 11.74

mal and fluorinated Y123 samples are shown in Figure 1.
Based on X-ray diffraction patterns and electron probe
microanalysis, the present normal and fluorinated Y123
samples are all identified as essentially a single phase with
the layered perovskite structure. The phase of the sample
was found to be an orthorhombic and oxygen deficient perov-
skite with a chemical composition of (.25<x<0.55 determin-
ed from redox titration'”. The X~ray powder diffraction data
of the sample were successfully indexed on the basis of an or-
thorhombic symmetry with the cell parameters listed in
Table 1. The cell parameters indicate that the present com-
pounds are typical perovskite-type, showing the length of
the ¢ axis is approximately three times as long as that of the «
or b axis. The substitution of oxygen atom by tluorine atom
decreases the unit cell parameters as considered from the
difference in ionic radii. The unit cell volume (Vm) decreases
with increase in fluorine atom amount in the ftluorinated
Y123 superconductor, as shown in Figure 2.

From the electron probe microanalysis, it was found that
the homogeneous backscattered electron intensities showed
no compositional zoning and the X-ray image of Y atom in-
dicated homogeneous Y-distribution in the normal and flu-
orinated Y123 superconductors. However, very small dips
appeared in the middle of the line profile for the normal Y123
sample and in the corner of the fluorinated Y123, indicating
the rough surfaces of the specimens. In order to identify the
dips, magnified portions of the Y-distributions for both nor-
mal and fluorinated samples were analyzed and gave iden-
tical results. No compositional variation was detected from
the quantitative analysis, showing that no microcrystal im-
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Figure 2. The unit cell volume (Vm) vs. fluorine atom contents for
the fluorinated Y123 superconductors.
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Figure 3. Resistivity ¢s. temperature (K) for various samples: (1)
x=025 v=0;(2) y =035, v=0.10; () x = 0.45, v = 0.20 and (4)
¥ =0.55, v =0.30 in YBapyCuyOy_F,.

purities such as BaCuO, exist in the present YBa,Cu,0,_F,
superconductors. )

The typical resistivities for the normal and fluorinated
Y123 are shown in Figure 3. The zero-resistivity critical
temperatures decrease with increase in the amount of flu-
orine atoms. This implies that the higher electro-negativity
of fluorine atom than that of oxygen atom localizes the super-
conducting electrons and drops the charge carrier mobility.
This phenomenon was also observed in the thermopower
measurements.

As can be seen in Figure 4, the thermopower at 273K is
positive for the fluorinated Y123 and increases with increas-
ing fluorine atom amount. Based on the localization of super-
conducting electrons, the electron concentration and mobili-
ty should be reduced for 0.35<x<0.55 and 0.00<v<0.30 in
the normal and fluorinated YRBa,Cu,0;_F. According to
the simple theory and the sign of the measured thermo-
power, the major charge carrier of the present supercon-
ductor is an electron, since the thermopower of conductor is
approximately inverse proportional to the carrier concentra-
tion. It is satisfied that the positive thermopower of the
fluorinated Y123 increases along with the amount of fluorine
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Figure 4. Temperature dependence of the thermopower of fluori-
nated Y123 superconductors: (a) x = 0.35, y = 0.10; (b) x = 0.40, y =
0.15in YBaZCU3O7-,Fy.
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Figure 5. Typical Raman spectra of microcrystals of the normal
and fluorinated Y123 superconductors obtained at room tempera-
ture: (a) x=0.33, y= 0; (b) x = 0.43, ¥y = 0.10; (c) x = 0.53, v=10.20
and (d) x=0.55, y=0.30 in YBayCu30y_,F,. (a), (b} and (c): data
from ref. (16).
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Table 2. Comparison of Raman Band Frequencies of the Normal
and Fluorinated Y123 Superconductors: (a) x=0.33, v=0; (b) x =
0.43, ¥=0.10; (c) x=0.53, ¥y=0.20 and (d) x=0.55, y=0.30 in
YBazCu3z07,F,; (a), (b} and (c): data from ref. (16)

(@) (b) () (d

220 220 220 220
— 298 298 298
337 337 337 337
445 445 445 445
501 501 501 501
582 582 582 582
623 623 623 623
637 637 637 637

Mode assignments

pyramidal F-Cu-0 stretching
Cu-0 bending

pyramidal Cu-0 stretching

Cu-0 chain stretching

atom. The large magnitude of thermopower implies that the
superconductivity of the fluorinated Y123 is not metallic, but
by the activated carriers. This is also consistent with the
temperature dependence of resistivity shown in Figure 3.

Figure 5 shows typical Raman spectra of micro-crystals
of (x=0.33, y=0), (x=0.43, y=0.10), (x=0.53, y = 0.20),
and (x = 0.55, y = 0.30) in Y832CU3O7_xFy superconductors.
As shown in Table 2, all of the Raman band frequencies are
the same, irrespective of the amount of fluorine atom. A new
Raman band at 298 cm™, however, appears in the fluorinated
superconductors, tentatively assigning to pyramidal F-Cu-O
stretching. The intensity of the 298 cm™! band increases with
increase in fluorine atom amount. This increase of 298 cm™
band intensity reduces the intensities of the other bands,
relatively with the increasing fluorine atom concentration.
Based on these phenomena, the fluorine atom substitutes for
an oxygen atom in the pyramidal Cu-O units rather than in
the Cu-O chains, since the Cu-O vibrations in the Cu-O
chains occur at frequencies higher than 298 cm™. For the
normal Y123, the Cu-O chain stretching vibration takes
place at 623 cm™, but the pyramidal Cu-O stretching does at
501 Cm—l 1‘13—l6.18'

It is concluded that the fluorine atom substituted for an
oxygen atom in the pyramidal Cu~O units from Raman data
(Figure 5) localizes the superconducting electrons and results
in reductions of the mobility and carrier concentration from
resistivity and thermopower data (Figures 3 and 4), in-
dicating the decreasing Tc and increasing thermopower as
the fluorine atom amount increases.
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