


I.1- General introduction:

Superconductivity 1

many advantages over

INTRODUCTION

5 a multi-faceted-phenomenon that offers

current technology. Superconductors are

materials that conduct electricity with practically no resistance at all at

very low temperature.

None of the electrical is lost when flowing

through a superconductor. The field of superconductivity has many

aspects. For most materials, which are normal conductors, whenever

electrical current flows,

there is some resistance to the motion of

electrons through the materials. It is necessary to apply a voltage to

keep the current going to replace the energy dissipated by the.

resistance. Electronic is

based on components in which the resistance

changes under control of an input voltage; these components are made

of semiconductors. In a

conductor, a current would quickly diminish

due to resistance. However, in a superconductor, a current can continue

to flow forever because there is nothing to stop it.

Superconduictivity is the name given to a remarkable combination

of electric and magnetic properties, which appears in certain metals

when they are cooled to

extremely low temperatures. The temperaturc
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at which a superconductor loss resistance is called its superconducting
transition temperature or critical temperature; this temperature, T; is
different for each metal. The first metal discovered to be a
superconductor was merdury by a Dutch physicist, Onnes,' in 1911. He
discovered thél the mercury lost all the resistance to the flow of
electricity when cooled to about 4°K. Also he induced a current in a
supercondﬁctor that was formed in the shape of a ring , and cooled it in
liquid helium.' The .ﬁrst concept that comes to mind upon hearing the
word superconductor is Zeto resistance. However, there is anothér
cqually significant aspe¢ct of superconductors that s less widely
recognized the unique magnetic properties of superconductors. The
important discovery about the superconductors is the Meissner effect,’
which was found experimentally in 1933 without any theoretical basis.

The Meissner effect is the expulsion of a magnetic field from within a

superconductor. A metal expels any magnetic field inside it when it
cools through T, and be¢omes supercondu¢ting. By expelling the field
and thus distorting nearby magnetic field lines, a superconductor will
create a strong enough force field to over come gravity. Tﬁis gives rise
to the meﬁlorable ‘photos of a small magnet floating freely above a

cooled block of superconductor.




. Since a supercond

nctor has no resistance, it carries current

indefinitely without requiring voltage or expenditure for electricity.

Once the current is

superconductor is kept ¢

started, it continues, provided that the

old. For many years it was thought that all

superconductors behaved according to a basically similar pattern.

However, it is now realiZ

ed that there are two kinds of superconductor,

which are known as type-I and type-II. Most of elements which are

superconductors exhibit
generally exhibit type-II
properties in common

magnetic behavior.

type-1 superconductivity, whereas alloys
superconductivity. The two types have many

but show considerable difference in their

1.2- High temperature supercoductors:

The history of hi

distinct from ordinary sy

3

rh-temperature superconductivity as a ficld

perconductivity is very brief. It began in late

1986, Bednorz and Muller had reported the observation of

supercondctivity in lant]
strontium at temperatu

excitement because 38

hanum copper oxides doped with barium or

res up to 38 K. This caused tremendous

K was above the ceiling of 30 K for

superconductivity that had been theoretically predicted almost 20 years

earlier. Once the barrier

was broken, hundreds of scientists rushed to




try various chemical ¢
highest T.. In 1.987’

superconductor with a ci
yttrium barium copper

entire research commun

pounds to see which one would give the

i.l‘.l et al* reported that they discovered a

ritical temperature of 92 K for the compound
oxide (YBCO). This discovery excited the

ity because a significant barrier had been

broken. Subsequently, aftention was focused on 'copper oxides, and

before long the bismuth

system was f;mnd5 witl

discovery® in 1988 of

(TBCCO), with T, =125
little attention prior to
extremely toxic, and ther
Almost five years elapse

oxide compound,” (HgB

strontium calcium copper oxide ( BSCCO)
1 T, = 105 K. That was followed by the

thallium barium calcium copper oxide,
K. fhe thallium compounds were given very
1991, because of fears that thallium was
efore was dangerous to have in the laboratory.
d before the mercury barium calcium copper

pCaCuQ), boosted the T, record to 133 K.

Under extremely high pressure,® T. can be pushed over 150 K, The

discovery of oxides with

above the boiling point ¢

a superconducting transition temperature (Tc)

of liquid nitrogen has revitalized the study of

superconductivity and has stimulated a large volume of research in this

arca.




I.3- The bismuth strontium calcium copper oxide (BSCCO) system:

The bismuth strontiu

m calcium copper oxide ( BSCCO) system

has been chosen for this work because it has many advantages: the row

materials is sheep, has 4
laboratory than the thallius

Michel et at.” were
Bi-Sr-Cu-Q system and
closed to the composition
of 7-22 K. Akimitsu et
transition with onset te

coppositioh of BiSrCuOy

Maeda et al.” discoy

the Bi-Sr-Ca-Cu-O syste
BiSrCaCu,;0Ox has T, of a
more than 10 K. In th
necessary to obtain high
extremely stable in waf
superconducting propert

cycling between 4 K ang

good T, and it is easy to handle in thg
m compounds and mercury compounds.

the first to find superconductivity in the
isolated a new superconductor compound,
Bi,Sr;Cu; Oy midpoint criticél temperature
al.'® have also observed a superconducting
mperature near 8 K for the phase with
in the same system.

rered a new high-T, oxide superconductor of
m without any rare earth element. The oxide
bout 105 K, higher than that of YBa;Cu;O7 by
is oxide, the coexistence of Sr and Ca is

T,.. Also it should be noted that this oxide is

er and moisture and that no change in the
ies has been observed even after the thermal

| room temperature or above. Furthermore, the




oxide has two phases wit]
al.'' have determined
Biy(Sr,Ca)sCusOi64y . It b
and c= 3.06 nm. The rej
phase is present. Adachi
in a Bi-Sr-Ca-Cu-Q sy
observed: one has a tran
two transitions at 80 K an
latter superconductor has

Nobumasa et al."’

phase above 100 K in a

h different T, and their structures. Tarascon et
the crystal structure of the compound
as a tetragonal unite cell with a = 0.3817 nm
sistivity curves indicated that more than one
et al.'” studied the superconducting properties
stem. Two types of superconductors were
sition temperature of SOIK and the other has
id 110 K. XRD measurements suggest thét the
at least two phases.
reported that the high T, superconducting

Bi-Sr-Ca-Cu-Q superconductor was found to

appear in proportion to the time of the sintering just below the melting

temperature. Also the X

y diffraction pattern indicated that the high

T. phase contains triple Cu-O layers sandwiched by two Bi;O, layers.

The mechanism of the

T. phase formation is proposed such that a

disproportionation into triple and single Cu-O layers occurs from 80 K

phase - with double Cu-O layers to form the high T. and a

semiconducting phase. It

Ca-Cu-Q system has st

and the chemical composition is closed to Bi,(Sr,Ca);Cu,O,.

was reported that the 80 K phase in the Bi-Sr-

\cture similar to the Bi,Ti;O:; type structure'
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Subramnian et al.!

as BizSr1,CaCuyOg+y Wi

onset behavior near 120

repor

ted a new superconductor has been identified

th x ranging from about 0.4 to 0.9. It displays

. Koinuma et al.# synthesized thin films of

Bi-Sr-Ca-Cu-O superconductors on a polycrystalline YSZ (2.5%

yttrium stabilized zirconia) substrate by the 50 Hz ac sputtering

method. The films d
amorphous insulators. T}
on the annealing conditig
superconductivity of low
the standard Bi,Sr.Ca(
susceptibility data estz
BiSr4Ca;CuQ,,sustains

large Meissner signal. It

posited without intentional heating were
ne superconductivity of these films depended
in. Chatterjee et al.> have been investigated a

bismuth containing system, as compared with

w0z system. Electrical resistivity and AC

blish that the sample, with composition

bulk superconductivity below 74K with a

apperas from the X-ray diffrection pattern that

the symmetry and the positibn of the atoms in the units cell of this

sample are different from those of the Bi;Sr,CaCu,Os system, though

the unit cell dimensions are more or less the same.

A study by Kijima

et al.'® of the varying nominal composition in

the Bi-Sr-Ca-Cu-O system indicated that the phase concerned with the

superconducting transiti

bn near 75 K in this system has a composition




of Bi,CaSr, sCu;0Oy and a lpyered structure with an c;ﬂhorhombic unit
cell of a=5.40, b=27 .0 and £=30.6 A°.

‘Kuroda et al 2 obtained a superconducting film of Bi-Sr-Ca-Cu-O on a
(100) MgO substrate by sequential deposition of Cu, Bi, CaF; and
SrF,, followed by annealing in oxygen at 1133-1163 K. All the films
exhibited a strong preferfed orientation, with their c-axis direction
normal to the subétrate sufface with a length of 30.605 A°. The films
anncaled at 1143 K exhibjited a large and sharp drop in resistance at
110 K.

Mori et al.? studied the effects of sintering temperature and of Cu
and Ca contents for Bi-Sr-Ca-Cu-O system based on 'BiSrCaC_uz_;gO,\- :
compouﬂd. A maximum| T, value of 85 K was obtained for the
composition BiSrCaCu; 20, but its single phase was not obtained.
Cava et al.2 reported that a sﬁperconductivity above 100 K has been
observed in a multiphase samples of Bi-Sr-Ca-Cu-Q. They foimd three
phases of Bi-Sr-Ca-Cu-Q systeﬁ showing a superconductivity at T.’s
near 120, 105 and 80 K. Also they studied the crystal structure and the
physical properties of single crystals, grown by a flux technique.

Pena et al?’ showed the effects of annealing under various

atmospheres on the superconductivity of Bi-Sr-Ca-Cu-O materials.




Samples of nominal coj
under vacuum or nitroge
flows. Fully reversible ai

the 110K and 85 K phase

Sun et al.?® reported t

mposition 1112, 2212, 2202 were ‘annealed
n gas, then reacted under oxygen or NF; gas
hd opposite effects on T, are observed when

s are annealed under the same conditions.

t the phase decomposition of high quality

Bi;Sr,CaCu;Q, single crystals annealed at 1023 K for 1h in air,

vacuum, flowing oxygen|or nitrogen atmospheres, is studied by X-ray

diffraction. It is found that the decomposition of the Bi,Sr,CaCu,0,

phase is dependent on the annealing atmosphere. The variations of

superconducting transition of crystals after annealing in different

atmospheres were me

ured by AC susceptibility and could be

explained by the oxygen configuration. The structural changes and

oxygen diffusion influen
content and superconduct

The effects of lead
been studied by several g
for bismyth induces a ng

also appears to affect the

ce each other and both act on the oxygen

ivity of Bi;Sr,CaCu,0, single crystals.

substitution in Bi-Sr-Ca-Cu-O system have

roups.?*3! They reported that lead substituted

'w phase. Furthermore, thé lead substitution

speed of reaction so that similar material can

be produced in have the time. Tang et al.” reported that liquid nitrogen

quenching of the compognds Bis.<Pb,SrsCa,CusO, (x = 0.7, 0.9, 1.0,




1.1 and 1.2) is required

10

td produce superconductors having T.’s well

above the transition tcmperatufe of the host “2212” superconductor.

The X-ray diffraction patferns of those compounds are those of the

“2212” structure (with

a few weak lines of the 2223 struclure

appearing). The resistivity| curve for the higher doped compounds (x =

0.7 and 0.9) indicates thg existence of two super-conducting phase

transitions, one at around 105 K and another around 89K. For the

heavier doped compounds (x =1.1 and 1.2), the resistivity curves show

only a single transition.

general, the zero resistivity temperatures are

seen to decrease with in¢reased Pb doping. Imao et al.** synthesized

the 110 K-phase Bi-Sr-Ca-Cu-O ( Bi-based) superconductors using a

- variety of Pb-oxides (PYO, PbO,, Pby0s), also the superconducting

properties for the samples were investigated. They found that the

doping of Pb;0O; into

Bi-based superconductors was effective in

forming a 110 K-phase| The XRD results showed that the volume

fraction of a 110 K-phasg in the prepared samples increased by doping

Pby0ns.

With regard to the role of the Pb substitution, Yamada et al.**

synthesized new high-T superconductor Bi-Sr-Ca-Cy-O with additive

of Pb. They found that increasing Pb content increased the zero
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resistivity temperature T.. A maximum T, value of 85.5 K was
obtained for the composition Big sPbg sSrCaCuQ,0y. So Pb substitution
may induce a mixed valence state also in Bi besides the Cu mixed

valence state, and that may result in T. enhancement. Kambe et al.?

found that the increasg in the hole concentration obtained by

substitution Pb*" ions for some Bi*" ions in a bismuth superconductor

(80 K) lowered the T. fo 77 K. Also Liu et al.* reported that the
oxygen content in Pb-doped Biz(Sf,Ca)3Cu20y superconductors does
not rem:v;lin constant as more lead is substituted, thus thé changes of the
copper valency with Pb substitution is not straight-forward matter. Jao
et al.¥” found that the superconductivity of Bi-Sr-Ca-Cu-O sample is
determined by both anpealing environments and the Pb content.
Oxygen annealing tends to degrade the supercé.nductivity as Pb= 0.3,
while it improves the superconducting properties of samples with Pb =
0.4.
Stephens et al.”® have deveioped a solutioﬁ route to bulk Bi-Sr-
Ca-Cu-O superconductors based on triphenyl bismuth ( Ph;Bi), an
extremely soluble Bi- organometallic. The results indicated that the

Ph;Bi-based solution mgthod yields materials that are comparable t

those produced by the common solid-state approach, while offering




definite advantages over
materials.

‘Several groups have
films either of the 2212
doped with lead, (B,
resistance below 85K for
2223 phase.®>*® Brous:

Bi,Sr,Ca;Cuy Oy and (Bi

other solution routes to bulk superconducting

demonstrated the possibility to prepare thin
phase, Bi,Sr,Ca;Cii,04, or of the 2223 phase
Pb),Sr,Ca;CusO10, by sputtering, with zero
the 2212 oxide,”**” and below 110K for the
e et al.”’ have been prepared thin films of

Pb),Sr,Ca;Cu3010 on monocrystalline (100)

MgO substrates, using a laser ablation method with post annealing

treatment. The influence

of substrate temperature and oxygen pressure

during deposition wgre investigated. Electric and magnetic

measurements have been used to characterize the films. A study by

Flower et al® shown

the effect of substituting lead for bismuth

superconductor and compared with the previous work. Two

superstructures are observed with .one being present only at lead

concentration greater than 0.1. Analysis of X-ray diffraction patterns

show that the unleaded and 0.1 Pb content material is tetragonal,

whereas the samples

containing higher amounts of lead are

orthorhombic. The second superstructure is only found in

orthorhombic material.
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Sakai et al.*! reported that micro-probed Raman scattering spectra of
optic phonons in Bi-Sr-Ca-Cu-O have been observed as a function of
temperature near the transition temperature T, using both the as-grown
and annealed samples. In Bi-Sr-Ca-Cu-O, phonon mddes in the as-
grown sample increase |their peak freqtiencies mo’nbtonically with
decreasing temperature. Also Shimada et.*? observed phonon strﬁctures

in the tunneling conductance of Biysr;CaCu, Q3. There is no particular

phonon-mode whose contribution to T, is larger than 12 K. The

resistivity and the nuclear-spin relaxation rate calculated using the
spectral function. Several Group (634’35 have studied the propertics and
crystallization of Bi-Sr-Ca-Cu-Q glasses, with some similarities in
results. Glgsses—transitio temperatures (T,) range from 643 to 703 K.
Differential thermal analysis (DTA) shows a sharp éx‘othcrm at 723 K,
typically followed by weaker traﬁsitions around 833 K. There is
usually an endotherm ound 1033 K, with overlapping exo- and
endothermic events at higher temperatures. The superconducting glass-
ceramics. generally exhibit fine. |

Koma_ltsu et al® obtained samples by . quenching 1.5:1:1:2
(Bi:Sr:Ca:Cu:0) melts |between iron plates. They observed no

superconductivity after annealing these samples at 873 K for 4 hour. A




glass-ceramic consisting

Also Hinks et al.* obtain

14

mostly of 2212 with Jmaller amounts of CuQ.

i
|

ed glasses from splat+quenched 2:2:2:3 melts.

They observed no superconductivity after iheat treatments below

800°C. However, after
resistivity drops T, at 1]
K. Skumryev et al.%® gj

plates, and obtained 22

|
an unspecified heat ﬁea@ent, they reported

0 and 85 K and zero kesistivity at a T, of ~80

plat-quenched 1:1:1 i melts between copper

12 after heating at 1053 K for 4 hour in

1

oxygen. Thls material showeg aT,of 115K d a Tc'of 45 K. Bi-Sr-

Ca-Cu-O glass-ceramic
substantial amounts of t
2:2:2:3, 2:2:3:4, and 2:]
87Q°C for 10 days resul

slight trace of the 80

have shown to beg capable of yielding

he 110 K phase. ShJ et al.® splat-quenched
i
:4:5 melts. Heating the 2:2:3:4 material at

ted in zero resistivilf at 105 K. however, a

K phase was evidént in their magnetic
|

susceptibility measurements. However the majority phase in the X-ray

diffraction (XRD) patte

rm was still 2212. jHeating any of these

composition at 1123 K, 9r for a shorter times #t 1143, always resulted

in a substantial or long
al.* have examined seves

treatments on the superc

|
superconducting trangition at 85 K. Tomy et
al compositions and l#w effect of several heat

pnductivity in Bi-—Pb—bb—Sr—Ca—Cu—O system.




The onset and the Zero 1
heat treatment.

Motoi et al.” studie
conditions of temperaturs

pressures from 0.0 atm

15

to 1.0 atm. on t

Biz_Sl‘zC&Clley. The h

enhances the T; of Bi;S1,CaCu,Oy up to 94 1

have prepared samples of Bi-Sr-Ca-Cu-QO with

and heat treatments, re
elements. They analyzeq
in each case by using
influence of the heat trea
stability of the phases.

Superconductors off
| that might be exploited
electricity without energ

conventional conductors

lacing part of the bi

d the effect of an

s from 673 K to 107

at treatment under

esistance temperatures are dependent on the

nealing under various
3 K and oxygen pértial
he superconductivity in
reducing conditions
(. Malachevsky et al.”’
different compositions

ismuth by other heavy

| the presence of the different phases formed

X-ray diffraction.

tments and composi

er a lot of benefits””

in applications. Su

Iso they reported the

jons in the quantity and

over normal conductors

perconductors conduct

y loss, so they might be used in place of

to save energy. Be

rcause superconductors

have no electrical resistance, They do not %ive off any heat. In a

conventional conductor, |

as heat. This heat has lim

the energy lost due to resistance is given off

ited the degree to which electrical circuits can
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be packed together. Using superconductors, electrical circuits can be

packed tightly together
advantage to supercond
magnetic fields. Very po

~ small superconducting el

with no concern for heat built-up. Another
uctors is their ability to generate powerful
werful fields can be generated from relatively

pctromagnets.

1.4- The lanthanum copper oxide system:

High Temperature

superconductivity in oxocuprates was first

observed in the lanthanum copper oxide system,’ and this system has

remained of central interest for the understanding of the electronic

properties of these pha

stoichiometry. The base

However it can be con

ses due to its simplicity in structure and
matertal La;CuQy, is itself a semiconductor.

verted to a superconductor cither by partial

isomorphous replacement (La**- M**) or by insertion of additional

oxygen into interstitial ppsitions at high oxygen pressure and elevated

temperatures (L.a;CuQy.y

copper (Cu™-Cu™) in th

). In both cases, mixed valence systems of

e CuQ; planes result, which exhibit metallic

behavior above the critical temperature T..

In 1986 Bednorz and Muller’ were the first to give evidence of

superconductivity near 3

5 K in these cuprates by partial substitution of




- barium for lanthanum. A §
substitution of strontiumni

method of converting
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similar phenomenon was later observed with
78,79 . . .
. More recently, a highly interesting

La,CuQ, at ambient temperature into a

superconductor with T, of 43 K was found simply by anodic oxidation

of the ternary phase.™

The electrochemical

highly oxidized phases as
superconductors. Summar

produced from both elect

The intrinsic reactivity o
surface chemistry of this ¢

Wattiaux et.al ¥ fi

oxidation technique provides difect access o
a route for the synthesis of high temperature
ized below are characteristics of this material
rochemical and cherﬁical oxidation reactions.
f La,CuQa.x and its precursor determine the
sopper oxide system.

rst reported that La,CuQ, can be oxidized in

an aqueous base using the electrochemical technique. They observed

électrochemical intercalg
cyclic voltammetry stud
solution. It haS been sugg
of oxygen into the La
descriptioh is given in Eq

LayCuQ4 + x o -

> La,CuOgux + 2xe

tion of oxygen at ambient temperature in

es of LayCuOj electrodes in aqueous KOH

ested that this reaction proceeds via insertion
.CuQ, lattice during electrolysis; a formal

juation 1.

[1]




They found two intri
superconducting phase: (
compared with La;CuQOy,
high pressure oxygenated

the 35 K obtained by of
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guing physical properties of this ncw

1) it shows a larger orthorohombic distortion
instead of the smaller distortion found in the

samples 838 and (2) its Tc =~ 44K surpasses

timum Sr doping.” Subsequent experiments

showed that controlled potential electrolysis of La;CuQ; results in the

formation of a bulk La,C;

1044« Superconductor.

85-90

Rudolf et al.”' reported galvanostatic oxidation data showing a

continuous variation of th

and indicated that the

They also described the 1

electron / hydroxyl ion
state of copper.

A study by Chou et

a maximum oxygen conf
oxygen evolution poten
reaction forms La,CuO
phases found at x=0.(

electrochemical oxidatig

e potential with the composition up to x=0.07
¢lectrochemical deintercalation is reversible.
reaction process of the anodic oxidation as an

transfer process leading to a mixed- valence

al.” reported very similar oxidation data with

ent x = (.08 obtained at potentials below the

tial. They conclude that the electrochemical
..., with two distinct bulk superconducting
13 (T~ 32K) and x20.08 (T~45K). The

on of the La,CuQs did not appear to be




reversible. They were in ¢

Rudolf et al.”!
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strong disagreement with the interpretation of

Bhavaraju et al.”* have carried out galvanostatic and potential step

experiments also showii

oxidation are completel
quantitatively added and
electrochemically in 1
ele.ctrochemical data

deintercalation of Oxyg

| prepared electrochemica

1g that the oxygen étoms intercalated on
y removed on reduction. Oxygen can be
removed from La;CuQOy (0 < x = 0.085 )
M KOH at ambient temperature. Their
show, however, that intercalation and
en occur far from equilibriﬁm. Samples

lly show superconducting transitions with

temperatures of ~ 30K and ~ 42 K, depending on the oxygen content.

Takayama et al** re
superconducting La;Cu(
solid state reaction was
The product included exq
superconductivity below
phases appeared upon ing
the other had a larger ong
Electron diffractic_;n pat]

ordering the interstitial o3

ported a chemical oxidation route to
Dx- :The La;CuQO, obtained by the normal
pxidized in an aqueous solution of KMnQ,.
less oxygen up to x = 0.09 and showed bulk
about 40 K. Two different oxthorhombié
reasing X; one had a smaller distortion while
, compared with the stoichiometric La;CuQ,.
lerns suggested a complicated manner of

[ygen atoms in the sample with x =0.09.
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The sarﬂe group indicated that La;CuO,. having various x values
could be prepared by thef KMnO;, oxidation method with the aqueous
solution heated to 333 K. Some samples oxidizéd in concentrated
KMnOy solutions underwent spinodal decomposition resulting in
products having x ~ 0/01 and x ~ 0.22. The former showed a
supercdnducting transition at ~ 14K, the latter at 40 K.*”*

Rajaram et al’®| also found that La,CuO; becomes
superconducting at T, =44 K when subjected to an electrochemical
oxidation in IN NaOH at room temperature. However, they claimed
that superconductivity in an elcctrochcm;cally oxidized La,CuQy pellet
is not confined to the surface, as expected for a prdcess with small

diffusion coefficients.

Takeda et al.”’ carried out two means io dope the oxygen in

La;CuQ, structure; one is annealing under high oxygen pressure at
high temperature and the other, electrochemical oxidation in an
aqueous alkaline solution at ambient temperature.

Electrochemical oxidation has thus been shown by many workers
to be extremely efficient for doping oxygen into a LaCuQOy type
compound. Thi; method performed at néar roo:ﬁ temperature is now a

standard technique for chemical processing giving a non-equilibrium




state, which is difficulty 1
only a few hundred mV

power than considerable ¢

Radaelli et al.*® stud
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realized by a normal bulk reaction. In effect,
of electrode potential has a more oxidative
)IXygen pressure.

ied different samples of La;CuQu.x prepared

by electrochemical oxidation with different x values using neutron

diffraction. Also the mis¢ibility gap of La;CuQg:x was investigated.”

Feng et al.'®

reported a preparation of superconducting phase in

LayCuQOy.x at ambient temperature by electrochemical oxidation over

the nominal composition

phase with T, ~32-34 K i

range 0< x <0.1. A stable superconducting

s observed for x < 0.05. In contrast, samples

with x > (.05 are found fo be unstable either at room temperature or

upon annealing between 298 K and 383 K...

Bennett ei al.'”' dg

monstrated a new eclectrochemical process

which is reversible to spme degree and allows reproducible control

over the superconducting

properties of La;CuO, at room temperature.

They used an electrochemical cell of the type:

L32C1104 / H+

(0.005 N H,SO4 in methanol) / Pt

in which La,CuQ; is the [working electrode and platinum wires served

as the reference and coynter electrodcs. The cell anode was held at




+1.6 V with respect
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p the Pt electrode. The total duration of

polarization, including the relaxation periods, ranged from 50 to 150 h.

In 1996 Chou et
La;CuQg4+x by using an
.0xidat1'0n took place at
months. Neutron scatteri
oxygen- rich phases in t
that observed in undoped

Lees et al.'® carried

al.'” synthesized large single crystals of
electrochemical process in 1M NaQOH. The
room temperature and continued for two
ng studies of these crystals reveal that the
hese crystals have a structure different from
or Sr-doped' La;CuQ,.

out room temperature chemical oxidation on

four La,CuQ, thin films using an aqueous sodium hypobromite

solution. They combined

laser ablation and aqueq

the seemingly disparate techniques of pulsed

us room temperature chemical oxidation to

provide a versatile, facile method for producing superconducting

La;CuQOy+x thin films.

Scarfe et al.'™ repg
was used to obtain bulk g
grown crystals. Samples
current in the range 5-]

samples were annealed af

rted an electrochemical oxidation technique
xidized La,CuQa. single crystals from the as
were prepared by galvanostatic oxidation with
|0 nA and different charging times. Some

383 K m flowing oxygen. The quality of the
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crystals was evaluated by transmission X-ray Laue photography, and
by measuring rocking curves for several fundafpental peaks.

Copper containing oxides with perovskite- related structures have
been known where the gxygen atom (oxide ion) can be intercalated
into the perovskite structures when they were used as an electrode for
‘'water electrolysis at room temperature. 105 So,electrochémists tried to
dope the oxygen in YBayCu3;O7; when this 90K class superconductor
was found in 1987. However, this oxide was too unstable to be dealt
with in a wet atmosphere| La,CuQy, on the contrary, is relatively stable
to water and incorporates oxygen in the lattice according to the
electrode reaction.

Earlier studies of the aqueous electrochemistry and the dissolution
behavior of Ba,YCusO;|'® as typical of the cuprates, have clearly
indicated this instability to attack in aqueous media and the ready
reducibility of such cuprtes.'”’ Here, La;CuO; surface reactions in the
unoxidiied’ compound have also been examined by electrochemical
techniques in aqueous media under open circuit conditions at 298K.
Rotating ring-disk electrode. (RRDE) techniques were employed in
both cbllectioﬁ (detectipn of products) and shielding (monitoring

removal of reactants) mofes to follow the surface chemistry.
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The rning results can lead to conclusions  regarding the

stoichiometry of the digsolution reactions.'%'%®

Separately, in basic
solution, the coulombic| efficiency and rate .of formation of the
superconductor phases could be determined by monitoring the oxygen
evolution rate which is in|competition with superconductor formation.
The rotating ring-disk electrode (RRDE) is an extension of the
rotating disk electrode in which the disk is encircled by a ring of
conductive material that functions as a second working electrode. The
disk is used to electrochemically generate or remove a reactive species
which is electrochemically monitored as it is swept by laminar flow
~ past the ring.

The RRDE, as originally conceived by Levich, Fi'umkin, and co-

H09-111

workers, provides the chemist with a powerful methodology for

studying complicated che¢mical as well as electrochemical reactions.
The capability of a E’s ring electrode to detect, virtuaily
simultaneously, species generated at the disk electrode provides an
elegant and convenient solution to this analytical problem.'”® In
addition, tﬁe rigorously defined mathematics of the RRDE geometry

makes it possible to distinguish between faradic (electron transfer) and

non-faradic processes. Also this system allows an accurate description




of the rate of the electroi

surface as a function of
from the rotating disk

control of the flux to

providing a unique experi

The advantage of

attained rather quickly
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n transfer process occurring at the electrode
measurable physical properties. This results
geometry permiting precise hydrodynamic
and from a reacting surface, and thereby

mental variable.

ing this technique is that a steady state is

d measurements can be made with hi gh

precision. In addition, at [steady state, dbuble-layer charging does not

enter the measurement.
surface in this method

that the relative contrib

s0, the rates of mass transfer at the electrode
much larger than the rate of diffusion, so

tion of the effect of mass transfer to the

electron transfer kinetics is both smaller and controllable.

In the RRDE, the ¢
electrode are unaﬁ'écted'
RRDE experiments; involy
the disk, Ep, and that of {
ring, ir), the representati

than that of experiments

current—potential chafactgrisﬁcs of the disk
in flow by the presence of the ring. Since
yed the examination of two potentials (thai of
the ring, Eg,) and two currents (disk, ip, and
on of the results involves more dimensions

involving a single working electrode. RRDE

experiments are usually carried out with a bipotentiostat , which allows

separate adjustment of

Ep and Egr. However, since mest RRDE
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experiments involve steady-state conditions, it is possible in principle
to use an ordinary potentjostat to control the ring circuit and a simple
floating power supply in the disk circuit. Several different types of
experiments are possible at the RRDE; the most frequently are used
collection experiments, where the disk generated species is observed at
the ring, and shielding experiments, where the flow of bulk
electroactive species tq the ring is perturbed because of the disk
reaction.

The advantages of the RRDE shielding technique have been less
exploited than those of collection, and there are a variety of difficuit-
to-follow heterogeneous| chemical processes whose equilibrium and
kinetic parameters become réadily accessible by this means. We have

used both in our study of|the surface reactions in the La;CuQy system.




I.5-_Aim of the work:
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The field of supeucohduc_tivity has moved into the realm of

applied science in recent

possible  because of

years. Even more applications may become

the discovery of high-temperature

superconductors. This thesis studied two systems, first the Bi-Sr-Ca-

Cu-Q (BSCCQO) system
superconducting compou
The work was aimed to
important role in the prej
to improve the T of the

the chemical behavior of

which has many advantages than other
hds, and the second is the L32Cu04 system.
study different parameters, which may play
paration of Bi-Sr-Ca-Cu-O (BSCCO) system,
superconducting phase. Also understanding

La,CuQ, system by using the electrochemical

methods. To achieve these goals the next steps have been followed,;

L.5-i- Bi-Sr-Ca-Cu-O system:

Different ¢

a-
prepared.

b-  Different h
effects on th

c-  The effects

studied.

hmpositions of Bi-Sr-Ca-Cu-O have been

at treatments were applied to study their
e formation of superconductor phase.

of lead doping and barium doping have been




