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NMR and EPR spectroscopic studies of fluorinated Bi-2212 HTSC
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NMR and EPR spectroscopy were used to analyse the structural changes caused by fluorination in Bi-2212
HTSC compounds. Synthesis of the fluorinated HT SC was carried out by a solid state method, using different
fluorinating agents. The dependence of structural and superconducting properties on the nature and
concentration of the fluorinating agent was explored. It was shown that substitution of fluorine for oxygen
takes placein different preferred positions of the Bi-2212 lattice for different fluorinating agents; substitution
in the {CuO,} layers, with formation of {CuOsF} and {CuO,F;} structural blocks, occurs in the best way
when using PbF,, CuF,, BiOF and SrF, as fluorinating agents. An increase of T. was observed for the same
fluorinating agents when added in optimal amounts.

HTSC / Bi-2212 / Fluorination / Fluorinating agents/ NMR / EPR

Introduction - in [8] a low-temperature fluorinating method with
NH4F as fluorinating agent was used;
Bismuth-based B6nCa,.1CuOs2n COMpounds - in [3,4] a high-temperature solid state synthesis

(BSCCO), for example Bs,CaCuyOg (Bi-2212), are with fluorinating agents such as Gu&nd PbEk was
promising HTSC materials and have already found used.

applications in industry. From the very moment of It is possible that the substitution of fluoriner f
discovering high-temperature superconductivityhiea t oxygen takes place in different positions of the
Bi—Sr—Ca—Cu-0 systeifd], attempts to improve the Bi-2212 lattice when different fluorine agents are
superconducting properties have been made by used.

substitution in the anionic or cationic sublatticeshe Solid state NMR spectroscopy was used to
Bi-2212 structure. The greatest attention is nowada investigate fluorinated Bi-containing HTSC ceramics
directed to the substitution of fluorine for oxygen by the authors of9]. The presence of at least two

The research on the influence of fluorination on types of fluorine atom in different positions ofeth
the properties of Bi-containing HTSC has not given elemental lattice was detected. An NMR investigatio
clear results. Some author$2-4] claim that of fluorinated Y-123 ceramics was carried ouflif];
fluorination of the Bi—Sr—Ca—Cu-O system causes an the signal in the NMR spectrum was decomposed into
increase of the critical temperature by 5-10 K.éth  two Lorentzians, which were correlated to fluorine
researcher$s-7] say that the critical temperature of atoms in the {Cug}, layers and in positions apical to
the obtained superconducting samples does not these layers.
change, because the fluorine atoms do not occupy EPR spectroscopy was used for the investigation
positions in the {Cug}, chains, which are responsible  of structural changes in HTSC ifi1,12] It was
for carrying the superconductive current. The argho  assumedl1] that EPR signals in Bi-containing HTSC
of [8] report that the critical temperature of the appear due to the presence of point defects in the
(Bi-2223)F phase falls down to 71-75 K. {CuO,} structural units. The auhors ¢f2] observed

The disagreement between the reports is related to the superhyperfine structure of two fluorine atoms
the serious dependence of the properties of the located in the coordination sphere of copper in the
samples on the way of preparation (method of structure of the superconducting compound
synthesis, fluorinating agents, starting materits): SLCUGF; 4.

Chem. Met. Alloys 6 (2013) 163



S.A. Nedilkoet al., NMR and EPR spectroscopic studies of fluorinde@212 HTSC

Aim of work

The aim of this work was to investigate, by NMR and
EPR spectroscopy, fluorinated HTSC Bi-2212
ceramics obtained by adding fluorides of the metals
present in the Bi-2212 structure (BbEuk, Euk;,
BiOF, Cak, and Srg) and ammonium fluoride NJH,

and to study the changes in the superconducting
properties of the samples as a function of their
structure and compositida3].

Experimental

The samples were obtained by a two-stage high-
temperature solid-state synthesis. At the firgjestdne
initial compounds — strontium carbonate, calcium

carbonate and copper oxide — were homogenized by

grinding in an agate mortar, and calcined for 2&th
900°C for complete decomposition of the carbonates.
The concentration of carbonates in the powder was

checked by IR spectroscopy. At the second stage,

bismuth(lll) oxide and the selected fluorinating

agent were added. The mixture was homogenized,

pressed into pellets and calcined for 50h at
820°C with intermediate grindings. Samples with

Biz_pr(srzcaCQOS_xFZX (0 < x < 04, PbE),
Biz_wasrzcaCQO&l_nggx (O < x < 0.2, EUE),
Bi,Sr,CaCyOg,Fx (0 < x < 0.2, NHF, Cak, BiOF
and Srk; 0<x< 0.3, Cuk).

X-ray diffraction experiments were performed
with a powder diffractometer Shimadzu using
Ni-fitered CuKa radiation. Phase analysis and
calculations were performed with the Match! and
FullProf software packages; the PDF-2 database was
also used for the phase analysis. NMR studies were
performed with a Bruker Avance 400 spectrometer;
the MestReNova software package was used for
analysis and deconvolution of the NMR spectra. EPR
studies were performed with a CMS 8400 EPR
Spectrometer.  Resistivity =~ measurements  were
performed by the standard four-contact method & th
temperature range 77-298 K.

Phase analysis

According to the XRD patterns, all of the samples a
single-phase and isostructural to the Bi-2212 phase
(space group4/mmm), except for the samples with a
large amount of fluorine, where the formation ofadim
amounts of Srj-phase was observefig. 1). For the

the following compositions were synthesized: samples with low fluorine concentratiox & 0.3)
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Fig. 1 X-ray diffraction patterns of the samples®,CaCuy0O; ¢ 4 (CuR,) (1) and Bj ¢Phy sSHCaCuyO; 4Fo 8
(2). The line from the impurity phase $iiE marked with a red dot.
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the XRD patterns are similar to the XRD patterns of
the unsubstituted Bi-2212 phase. With increasing
fluorine concentrationx(> 0.3) a redistribution of the
intensities of the (1 05), (107) and (0 0 10pk=e
was observed for the samples obtained with ,PbF
(x = 0.3 andr = 0.4). This points to a redistribution of
the electron density between structural units, Wwhic
may facilitate the formation of Cooper pairs anddle
to the appearance of the Meissner effect diredthr a
the synthesis, without additional calcination.

The cell parameters were refined for all of the
samples Tablel). The volume of the unit cell
decreases with increasing fluorine concentration fo
the series of samples that were obtained with;Eni
Cak, but remains almost unchanged in the case of
NH4F and Cuk The changes of the volume of the
unit cell correlate well with the values of the ion
radii of the cations.

NMR studies

NMR *°F spectra were used for the investigation of
structural changes caused by the substitution of
fluorine for oxygen in the structure of Bi-2212. An
unsplit signal was observed in the spectra of the
samples obtained with PRFCuF,, Euk;, NH4F, and
CaFk, as fluorinating agents; this signal appeared to be

a superposition of several signals that had not bee
separated due to both dipole-dipole interactiond an
the influence of paramagnetic copper-containing
structural units Kig. 2). In the case of the systems
obtained with BIOF and SgF another type of
spectrum was observed — well separated signals
with different chemical shifts, which correspond to
fluorine atoms in different chemical surroundings
(Fig. 3).

The NMR *°F signals were correlated with the
fluorine nuclei in different chemical surroundings
the Bi-2212 lattice by comparison with the spedfa
model compounds. Pure fluorides of the metals that
form the cationic sublattice of Bi-2212 were used a
model compoundsT@ble?). The comparison of the
values of the chemical shift and integrated intiesi
of the NMR™F signals showed that the fluorine atoms
concentrate in different positions of the Bi-2212
lattice when different fluorinating agents are usEae
structure of Bi-2212 is shown on the drawing in
Fig. 4. Substitution of fluorine for oxygen takes place
in the {BiO}, {SrO} and {CuQ,} layers (where Cu
appears to be either in €wr CU* form) depending
on the fluorinating agent; fluorine atoms also qmcu
positions in the {Ca} layer and between {BiO} and
{SrO} layers. The values of the NMR integrated
intensities correlate with the relative content of
fluorine in the above-mentioned positiofisble3).

Table 1 Unit cell parameters of fluorinated Bi-2212 HTSC.

Composition (fluorinating agent Unit cell parameters
indicated in brackets) a, nm c, nm V, nnt
Bi,Sr,CaCuyOg 0.3835(4) 3.082(3) 0.453(1)
Bi 95Ply 0sSHCaCuyOy o 1 0.3845(4) 3.091(4) 0.457(1)
Bi; sPhy s5SrCaCuyOy g4 0.3858(4) 3.091(4) 0.460(1)
Bi, 7Phy s5SrCaCuyO; o6 0.3839(4) 3.089(6) 0.455(2)
Bi1_95ELb_og,Sr2CaCLQO7_925FO_15 03825(4) 3075(4) 0450(2)
Bi,SrL,CaCuy0; of 1 (BiOF) 0.3848(7) 3.096(7) 0.458(3)
Bi,Sr,CaCuyO; oF » (BIOF) 0.3841(6) 3.095(6) 0.457(2)
Bi,Sr,CaCuyOy; ¢F 4 (BIOF) 0.3839(6) 3.088(6) 0.455(2)
Bi,Sr,CaCuyOy; od9.1 (NH4F) 0.3829(3) 3.086(3) 0.453(1)
Bi,Sr,CaCyO; oFg » (NH,4F) 0.3829(2) 3.083(2) 0.452(1)
Bi,Sr,CaCuyO; gFg 4 (NH,4F) 0.3826(3) 3.080(4) 0.451(1)
Bi,Sr,CaCuyOy; o1 (Cak) 0.3838(5) 3.086(3) 0.455(2)
Bi,SrL,CaCuy0;, oy, (Cak) 0.3823(4) 3.078(3) 0.450(1)
Bi,SrLCaCuy0; gFq 4 (Cak) 0.3809(4) 3.069(3) 0.445(1)
Bi,SLCaCuyO; od0 1 (SrR) 0.3857(9) 3.108(9) 0.462(3)
Bi,SrL,CaCuy0; gFy, (SrR) 0.3842(6) 3.093(6) 0.457(2)
Bi,SrLCaCuy0; gFy 4 (SrR) 0.3840(7) 3.092(7) 0.456(3)
Bi,SLCaCuy0; of 1 (Cuk) 0.3843(3) 3.086(3) 0.456(1)
Bi,Sr,CaCuyO; oFg > (CuR) 0.3845(3) 3.086(3) 0.456(1)
Bi,Sr,CaCuyO; ¢Fg 4 (CuR) 0.3848(5) 3.084(5) 0.455(3)
Bi,Sr,CaCyO; 6 (CuR) 0.3844(4) 3.088(4) 0.456(2)
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Fig. 2 ¥F NMR spectrum of the sample,Br,CaCuy0; gFq 4 (NH4F) and computer simulation of the signal.
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Fig. 3 '°F NMR spectrum of the sample Br,CaCuyO; ¢ 4 (STR).
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Table 2 %F NMR chemical shifts& ppm) for
model compounds.

Compound 0 F, ppm
BiOF -43
Srk -83
Cak -105

-18
Pbk 61
Cuk -135
cu* -111
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Fig.4 Unit cell content of the structure of
Bi-2212; {BiO}, {SrO}, {Ca} and {CuO,}
structural layers are indicated.

The results show that the fluorine atoms mostly
occupy positions between {BiO} and {SrO} layers
when NHF is added, which correlates with the results
reported in[8]. With other fluorinating agents it is
possible to increase the relative amount of flusrin
that substitutes for oxygen in the {CyQ layers,
which may lead to an improvement of the
superconducting  properties of Bi-2212  after
fluorination. The relative content of fluorine ihese
positions increases in the order GUPFbk, BiOF, and
SrF,. Consequently we propose to use these
fluorinating agents for the synthesis of fluorirhte
Bi-2212 HTSC.

EPR studies

For the purpose of exploration of structural chanige
the {CuQy}, chains after fluorination, EPR data were
used Fig.5). The ratio of the intensities of the
spectral components correlates with the fluorine
concentration in the samples. The EPR spectrum of
the unsubstituted compound Bi-2212 has an isotropic
signal withg =2.05 and an axially symmetric signal
with gL =2.05 andg, =2.27 [11], while the EPR
spectra of samples obtained by fluorination of Bi-2
have at least 3 signals withy; =2.189+0.005,

02 = 2.041+0.095, andy; = 2.400+0.082, where the
change ofg, and gs correlates with the fluorine
concentration of the samples.

] L) o 1 S 1
2500 3000 3500 4000
H (Gauss)

Fig. 5 EPR spectra of samples obtained with
PbF, as fluorinating agenk(= 0.1, 0.2, 0.3).
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The EPR spectra of the obtained samples originate Superconductivity

from the exchange interaction of local magnetic
moments of unpaired &l electrons, which are of
variable effectiveness, and their interaction wiitie
nuclear spins of copper and fluorine. The signahwi
0; = 2.189+0.005 is attributed to the presence offifpoi
defects in the {Cug}, layers[11,12] The signal with

0s =2.400+0.082 is attributed to the asymmetric
structural block, namely {CusB}, which forms after

to 82-85K from 77K
Bi-2212  compound  was
observed for the samples obtained with
such fluorinating agents as BIiOF x%0.2),
Stk (x=0.2), PbF and Cuk (0 < x < 0.2).
The temperature dependence of the resistance
for the sample BBrRCaCuyO;gFp4 (Srh, x=0.2)

An increase of T,
for the pure

substitution of fluorine atoms for oxygen in the is shown on Fig.6. It may be noted that
{CuO,} chains. the mentioned fluorinating agents are
The intensity of the signal with, = 2.041+0.095 those that mostly provide substitution
correlates with thex value for the compounds in the {CuQ} layers according to the
Bi,«PbSr,CaCuyOg,F,, and BpSr,CaCuyOg,Fy,. NMR studies, so the increase Off. correlates
Most probably this signal corresponds to the with  substitution of fluorine for oxygen
symmetric structural block, namely {CyB} with in the Cu surrounding.
oxygen and fluorine bridging atoms.
Table 3'F NMR chemical shiftsq, ppm) and chemical surroundings'® in the Bi-2212 lattice.
Integrated intensities of each component are shiownackets below the values of the chemical shift.
Compound o1 (Bi**, SF) | 0,(SF) | o5 (Ca&) 94 (CU™) Js (CU™)
. -65 -81 -101 -116 -130
Bi1 sPhy 2Sr,CaCy07.¢Fo 4 (PbR) (1.00) (0.86) (1.56) (trace amounts) | (3.06)
. -63 -78 -95 -113 -131
Bi1 8y 5SCaCyY0; o 6 (EUF) (1.00) (159 | (155) | (0.96) (0.77)
. . -58 -141
Bi,SrL,CaCuy0O; g 4 (BIOF) (1.00) - - - (1.09)
-44 (B
; (1.00) _ -105 -118 B
B|28rzcaclé07_8l:0_4 (NH4F) '66 (B|3+, S|2+) (17D (174)
(3.88)
. -65 -80 -138
B'ZSQCaCQO?.BFOA (Ser) (100) (119) (914)
. -89 -112 -137
Bi,Sr,CaCuyO; gFo.4 (CUFZ) - (100) - (155) (088)
0.010 |
0.009
0.008 |
S 0.007
E B
o 0.006—_
X 0.005-
0.004
0.003
0.002
0.001
T T T T T
50 100 150 200 250
T, K

Fig. 6 Temperature dependence of resistance fsBilaCuyO; gFo4 (Srk, X = 0.2); T, (onset) = 82 K.
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When increasing the value tox = 0.3, the critical
temperature decreases again. It means that thists ex
an optimal concentration of fluorine, for which the
maximum T, value is reached. We suppose that this
optimal concentration is achieved fox=0.2,
but this value may change, depending on the
fluorinating agent. It is possible that the forroatiof
symmetric {CuQF;} units with large x values
starts to prevent the superconducting current from
passing through the {Cu® chains, while the
formation of {CuQF} with smaller x values,
on the contrary, improves the superconducting
properties by increasing the concentration of charg
carriers.

Conclusions

Samples of fluorinated Bi-2212 HTSC were
synthesized by the method of high-temperature solid
state synthesis with different fluorinating agenits.
was shown that the substitution of fluorine for gam
takes place in the {Cufplayers with the formation of
{CuO,F;} and {CuGsF} structural units, as well as in
other positions of the Bi-2212 lattice, in parteylin

the {SrO} layers and between {BiO} and {SrO}
layers. Fluorinating agents such as RiEuFR, BiOF
and Srkappeared to be the best for substitution in the
{CuO,} layers.

The samples of fluorinated Bi-2212 HTSC
showed, in general, higher critical temperaturemth
unsubstituted 2212 samples; the increaséoivas,
however, limited to low concentrations of fluoriimaf
agent.
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