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ABSTRACT

The Mn-doped YD‘3Baﬂ_5_xﬂnxCaD'ZCu03_z superconducting
ceramics for 0 < x = 0.15 were prepared under different heatl
treatments and sintering conditions. Electrical resistance and
X-ray diffraction measurements from ambient temperature to 77K
show that samples are either nonsuperconducting (for x > 0.07) or
multiphase systems. The high temperature superconducting phase
shows Tconset BSOK. The resistance does not approach to =zero
value up to 77°K. Results indicate that likely occupancy sites for
Mn are Ba and/or Ca-sites rather than Cu(l) or Cu(2) sites.
Somewhat gross “structural modifications” in the neighbourhood of
Mn-sites is responsible for depression of Tc and the appearance of
low Te phase (below 77K). The effect of inereased MHn content is

adverse on the superconducting properties of the samples. ESR

studies of Mn-doped samples in dil. HCl are also reported.

(iii)



INTRODUCTION



CHAPTER — 1

INTRODUCTION

The transition temperature of a superconductor,
defined as the temperature at which superconductor lases
resistance, is affected by the presence of impurities.
There is a large body of literature dealing with the effect
of magnetic and non—magnetic impurities of the properties of
supercnnductar5.2_10 Small concentrations of non—-magnetic
impurities remove the crystalline anisotropy of the energy
gap and thereby reduce the transition temper‘ature.lltl3 For
larger impurity concentrations, numerous other effects such
as shifts of valence electron concentration, electron and
phonon band structure, electron—-phonon interaction becoma

impnrtant.14

Magnetic impuritieslﬁ’lb

generally have a tendency
to lower the transition temperature because the exchange
interaction between valEﬁEE electrons and spinning impurity
atoms leads to non—conservation of the electron spin, which
may affect the formation of Cooper pairs. There are
examp1e5,3 however, where no localized moment occurs and Tc

is increased. In addition, magnetic impurities can lead to

gapless superconductivity within a limited range of



cnncentratimn17'18. This important effect was predicted by

Abrikosov and Gar"knvl9 and observed by Reif and Wolfzo.

Interest in the study of superconducting materials
has increased largely after the discovery of high Tc
superconductor La — Ba — Cu — 0 by Bednorz and Hu119r21
because these materials have a variety of technolaogical
applications such as camputer switching elements, bolometers
and superconducting electromagnetszz. The effect of chemical

3 ; o PB2D
daoping (Ag, Li, Pt, Zn, Al, Cr, Mn, Fe, Co and Ni) at

cu sites, on physical properties of high Tc superconductors,

has been investigated.

It has been found that all rare earth can be
substituted for yttrium in Y—Ba—Cu—026 without much change

in Te. The substitution at cu site by transition metals

(Mn, Fe, Ni,)27’28 in a small amount (£ 20%) decreases Tc
: 2 z = 29 i 50
drastically. Substitution of strontium and calcium on
the Ba sites in Y-Ba-Cu-0 have also been investigated

Strontium doped compositions show depression of Tc which has
attributed to structural changeszq. Though Ba, Sr and Ca
have identical valence states, Ca has less effect on Tc
reductionso. No attempt has been made to study the effect of
transition metal atoms (Ti, V, Cr, Fe, Mn and Zn)

substitution, on structure and superconducting properties,



at Ba sites in Y—Ba-Ca-Cu—-0. In the present work, the effect
of Mn (an antiferromagnetic element) substitution on Ba

sites in Y—-Ba—-Ca-Cu—-0D has been studied.

It is more interesting to study the effect of Mn
substitution at Ba sites,on structure and superconducting
properties of Y-Ba-Ca-Cu-0. It may be helpful in explaining
the mechanism of superconductivity and the effect of Mn
substitution on saome other physical properties such as
transition temperature, structure and magnetic

susceptibility.

A1l superconducting materials are extensively
studied in order to know the mechanism of superconductivity.
Various theaories are formulated to explain this novel
phenomena. One of the theory is due to Bardeen, Cooper and
Schriefferl which states that at low temperature in certain
metals and alloys, interactions among electrons and phonons

can result in paired electrons, called Coaper pairs. The

formation of paired electrons in singlet state is
responsible for the superconductivity. Anything that
destroys the Cooper pairs will destroy the

superconductivity.

Several experimental studies have been made to



investigate the mechanism of superconductivity and these

include ESR studies in Y Baz Cu3 07 ,31#35 as well as raman
=

studies in Y Ba_, Cu_ 0O e . In order to elucidate the
2 3 TS

influence of the magnetic moment at Cu sites, Cu ions were

substituted with other ions such as Fe, Co, Cr, Ni and

Mn 37538

In the present work an attempt is made to
substitute Mn at Ba sites in Y-Ba-Ca-Cu—-0xide superconductor
with a view to study 1its effect on superconducting
characteristics. Moreover, Mn 1s also used as a microscopic
probe to investigate the effect of Mn substitution by
measuring ESR spectra. It is known that Y Ba2 Cu3 D?—x ar
the calcium substituted ceramic oxide show no ESR spectra in

solid state. ESR spectra of Mn—doped Y-Ba-Ca-Cu—-0 have been

studied in dilute HC1 (&M) solution.
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CHAPTER - 2

21 HISTORICAL REVIEW

Superconductivity was discovered in 1711 by
Kamerlingh Onneszz. He found that mercury lost its
resistance below 4.15°K within a fraction of a degree
temperature change and the “resistance became effectively
zero. Onnes declared,;" No doubt is left of a new state of
mercury in which its resistance has practically vanished".
Mercury has passed into a new state which 1is called the

superconducting state.

After the discovery of Onnes, most of the
praoperties of superconducting state were established and a
number of other superconducting materials discovered. ~Among
these superconductors subsequently discovered are lead, Tin
and Aluminium. In 1935, the number of known superconductors
was about eighty. In 1933, Meisnerldiscavered the flux
expulsion, called the Meisner effect. In 19250, the number of

superconductors was slightly over ane hundred?2

In 1957, J. Bardeen, L.N. Cooper and J.
Schriefferl presented the general quan tum theory of

superconductivity, called BCS theory. The BCS theory states



that the electrons are paired due to the interactions
between electrons and phonons at low temperature, so that
the momentum of each pair is zero. If impurities are added,
the electrons are still paired but the total momentum of
each pair is not zero. The same year during the studies of
magnetic properties, type Il superconductors were

discovered.

In 19264, superconductivity in certain
semiconductors was predicted—by M.l. EchenSq. Upto 1976, the
highest critical temperature was POl (of Nb35e
cumpuund)4o. The temperatue at which there is a phase
transition from a state of normal electrical resistivity to
zero is called the critical temperature of superconductor
(Tc) .

Over the years, though several attempts were made
but not much success was achieved in raising the Tc.
However, some useful ruleszz were deducted by researchers
working on supercnductivity. Some of these are the

following:— ‘

h P Only metals are superconductors.
23 No ferromagnetic or antiferromagnetic materials
are superconductors.

3. In metallic elements, superconductivity is only



found when the number of valence electrons per
atom lies between two and eight.

4. In transition metal elements, the critical
temperature varies in a periodic manner with the
number of valence electrons per atom and exhibit
sharp maxima. In non-transition elements, the
critical temperature increases as the number of

valence electrons per atom increases.

2.2 IMPURITIES IN SUPERCONDUCTORS

It was observed that addition of impurities in
already known metallic superconductors caused striking
changes in their superconducting properties. Addition of
impurities41 led to enhanced and drastic changes such as
lack of precision in superconductive transition (broadening
of line width), disorder in structure, change in mean free
path (smaller mean free path), and change in scattering life

o-14

time t. Thus a collision time of 7 = 1 sec. 1implies an

uncertainity in energy of the order of ht * that is about
0.1eV which is well above the usual energy gap of a few meV.
Thus one should expect an increase in the energy gap on
adding impurities, whereas experimentally little change 1is

observed, provided the impurities are non—magnetic. The

impurity concentration in the pure substance also depressed



the critical temperature Tc. For instance in Lal—dex system

0.8%Z Gd concentration reduces Tc from 69K to 1DK42.

Clean and dirty superconduc tors can be
distinguished on the basis of Ginzberg—Landau1 constant K,
K = ¢/1. In clean superconductors, the electron mean free
path is much larger than the coherence length "&" and 1in
dirty superconductors, the 1 << ¢&¢. Clean superconductors,
often referred to as pure superconductors, are metals and
other pure substances and diéty superconductors are alloys

and metals containing impurities.

We can classify impurities in the superconductors
into two main groups non—magnetic impurities and magnetic

impurities:

2.3. EFFECT OF NON-MAGNETIC IMPURITIES

The addition of non—magnetic impuritiesz2 has
various quantitative effects on their properties in the
superconductive state. Low concentraion of non—magnetic
impurities, of the order of O0.5%, decreases the critical
temperature of the superconducting material irrespective of
the nature of impurity. For higher concentration, the

critical temperature begins to increase if the valence of



the impurity atoms is larger than that of the atoms of the
host metal and decreases if the valence of the impurity atom

. S 2
is less than that of the host atom (as shown 1in Fig. 2.1)2 »

Lynton, Serin and Zucker43 found that initial
reduction in Tc seemed to be a universal function of the
residual resistance of the specimen. However as the
concentration is increased, other effects rapidly became
dominant. The critical concentration above which tﬁis

behaviour occured was extremely small (< 0.1%).

In second order perturbation theary43 the free
energies of both the normal and the superconducting state
are depressed. The decrease of energy is slightly greater
for the normal than for the superconducting state.
Consequently, the transition from the superconducting to the
normal state will occur at a lower temperature than in the
absence of impurity. In second order perturbation, the
scattering of electrons from one plane wave state to another
(with or without possible spin reversal according to whether
the interaction is spin dependent or not) contributes to the
lowering of free energy. For electrons whose initial and
final energies are remote from the Fermi energy, the
reduction in free energy is about the same in the normal and

superconducting states. When both initial and final states



are within a neighbourhood £ (the energy gap) of the Fermi
o

surface, the reduction of the free energy is greater for

the normal state. Because 1in the normal condition, the

energy denominator can go to zero, it cannot become smaller

than Zsoin the superconducting state.

Let ¥ = NH/L be the impurity concentration. In
order to relate the value of ¢ required to reduce the
transition temperature from Tc to TE » one may calculate the
free energies Fn(TE } = £ 6Fn{TE ) of the normal and
Fs(Té ) A EéFa(Té ) of the superconducting state, and equate

the two, giving

Fn(Té) -~ Fs(Té )
SEFn( TC*) - &Fs( TC*)

This formula fails to predict the linear behaviour
for the 'initial decline of Tc versus ¢ in the case of

no—magnetic scattering. It predicts

dT
ag + 0 as & » O.
. 5 , 43 .
The reason for this difficulty is that when the
impure superconductors behave in the same way as a pure
superconductor then its energy gap must go to =zero at

Tg. There are two ways to solve this problem.

i) To determine the effect of impurities an

10



electron—phonon interaction which leads to
modification in the effective electron-electron
interaction.

ii) To calculate the change in temperature “from
a safe distance" assuming the impure substance to
obey the law of corresponding states. Thigaaw
gives universal proportionality between the energy
gap at absolute zero and the transition
temperature.

The final equation is

o 2 &Fn (£, O0) — SFas (¥, O)
LR N(m & 3 0):
SFn is not dependent on concentration, while &Fs
depends on it only through ao . N“” is the number of states

per unit energy range near the Fermi surface, and sD(E,O),
th#energy gap at concentration ¢ and temperature zero.
Faor non—magnetic scattering, Tc versus ¢ is

initially linear but Té approaches zero with steadily

dimié%hing slope.

2.4. EFFECT OF MAGNETIC IMPURITIES
CABRIKOSOV AND GOR'KOV THEORY)'*»**
Addition of magnetic impurities causes striking

changes in the properties of a superconductor, for instance,

11



a rapid decrease of the transition temperature with
increasing impurity concentration. This problem was studied
theoretically by Abrikosov and Garkcv44 on the basis of s—d
exchange model. In this model the interaction between the
conduction electron and the magnetic impurity atom is
described by the Hamiltonian.
H=V - JdS.¢

Where V is the ordinary impurity potential, J 1is the s—d
(s—f in case of rare earth impurities) exchange integral, S
is the impurity spin and ¢ is the conduction electron spin.
The second term of this Hamiltonian gives the s—d exchange

scattering of electrons by localized spins.

Abrikosov and Bc:rkcw44 made the following
assumptions and approximations while developing their
theory.

2 1 The order parameter is assumed to be spatially
constant. This required that the spin impurities
be randomly distributed on the host lattice.

P The impurity spins are assumed to be unpolarized
and uncorrelated. This implies the absence of
magnetic ordering effects and spin fluctuations
which involve more than impurity spins.

3 » The effect of impurities on the Green's function

is treated only in the first Born approximation.

1z



The essential feature of the effect of the s—d
exchange scattering upon the superconductors according to AG

theory, is as follows:

The zero field superconducting normal transition
is second order and the zero field coexistance curve which
separates the superconducting and normal phases is given by

the simple relation

In () + y (172 + p) -y (1/2) = 0
o

Where B = -‘-—2"-?_-[—:}:?? and
ax

(tr Y*= nn N éil: S(9 + 1).

f}ﬂ is simply gamma function, Tc and Tca are the transition
temperatures in the presence and absence of magnetic
impurities respectively. T is the scattering time
associated with the exchange scattering (of strength
Jex)from the magnatic impurities. N«” The density of
states at the fermi energy for both spins and S§ the total
spin of the impurity atom. If the spin—impurity has non—zero
orbital momentum and complete spin orbhit coupling, the
factor S(S+1) must be replaced by (J.Slzf J(J+1), since the

conduction electrons see only the time averaged projection

of S on Jd (J is the total angular momentum).

13



The s—d exchange scatteringql, also, makes the
life time of the Cooper pairs finite in contrast to ordinary
potential scattering where the life time remains infinite.
Due to this depairing effect, Tc decreases. The finite 1life
time of the pairs causes an energy spread potential to the
inverse life time and this broadens the BCS density of
states curve. As a result the superconductor becomes gapless

at high impurity concentration.

In addition to this, Abrikosov-Gorkov'' predicted
a linear temperature dependence of the electronic specific
heat. The AG theory has been successful in explaining the
epxeriments on the electron tunneling the critical field and

the specific heat.

241 ELECTRON TUNNELING

The first really convincing verification of the AG

theory was provided by the electron tunneling experiments of

Woolf and Reifzo. The experiments were carried out in a He

calorimeter with thin film samples which were evaporated

onto cryogenic substrates. Various samples were studied (e.g

Fe_ , Fbl_xﬂnx)zo all of which exhibited at

Pb Gd, , In _ Fe

1—x X
least qualitative agreement between theory and the

experiments. The best agreement was obtained with the

14



Pb Gd system.
X X

242 SPECIFIC HEAT STUDIES

Philips and Hathias45 attempted to determine
whether superconductivity extended throughout a sample 1n
presence and absence of magnetic order by measuring the
specific heat in the presence and absence of a magnetic
field large enough to quench the superconductivity. The
entropy differences between the normal and superconducting
states determined in this way were of the right order of
magnitude for the Lal—xsdx system. However, because of lack
of knowledge about the nature of nfdered magnetism in the
Lal_dex45, they could not verify that the change in entraopy
upon the application of magnetic field could be attributed
solely to the superconducting and normal states. The
application of a magnetic field produces a decrease in
entropy in paramagnetic system, an increase in entropy in

antiferromagnetic system, and essentially no change in

entropy in a ferromagnetic system with long range order.

243 CRITICAL TEMPERATURE

Crow and Park542 undertook a study of the

intermetallic InLaS_dex system. This system was chosen

15



because of its high critical temperature, and expectation
that the system would exhibit homogenous, monophase, solid

solutions at least for small Gd concentrations, thereby

allowing one to avoid the two-crystal phase problems
inherent in the Lal—xﬁdx studies.
As with the Lal-—x de system an anomalous

departure from the AG curve 1is oobserved for higher Gd
concentrations. However, the results are qualitatively
different from those of the In La3_x Gd_ system which

are shown in Fig. 2.2.

24.4. DEFECTS OF ABRIKOSOV AND GROKOV THEORY:

The defects of AG theory seem: to be due to the

terms which are not considered in the theory. They are:

i) The spatial variation of the order parameter in
the vicinity of impurity atom.
Abrikosov and Garkaov considered the arder
parameter to be constant, while in actual

superconductors the order parameter is expected to
be zero in the vicinity of impurity atom due to
the strong depairing effect of the exchange

interaction. Tsuzuki and TsunetoS7 calculated the

16



iii)

order parameter as a function of the distance from
impurity atom and found that the order parameter
increases with increasing distance with
oscillation. According to their analysis, the
effect raises slightly the critical temperature
given by AG theory. This correction amounts to 1%
at the most. Similar small deviation from AG
theory is expected for other bulk properties of a
superconduc tor.

Effect of the anomalous exchange scattering i.e.
the Kondo EffECt4l.

In the AG theory the effect of the exchange
interaction was treated only in the first Barn
approximation. This fact raised several guestions
concerning the influence of higher terms. Such
terms are, in fact, responsible for the anomalous
behaviour of the normal metal as was pointed out at
first by Kandu?lHe calculated the scattering
matrix of the s—d exchange interaction upto the
second Born approximation and found that a
temperature dependent term like log T appears in
the resistivity as a consequence of the sharpness
of the Fermi surface.

Effect of interaction betwen the impurity spins

and of magnetic urdering41 was neglected by AG

17



theory. But, in fact, the impurity S is a quantum
mechamical aperator and has 25+1 possible
arientations relative to some axis of
quantization. Thus it is quite different from the
impurity potential, which is essentially an
external field. This means AG treated the
components of S as commuting operators, whereas,
in truth, they obey angular momentum commutation

relations i.e.

[ 8 4+ 'S =18 ]
x y z
Thus in general, the effect of magnetic
impurities, was considered to be detrimental to

superconductivity and this situation has persisted till the
discovery of new high Tc superconductors. Due to the absence
of an understanding of the pair formation mechanisms, 1t
remains to be seen whether the AG theory remains applicable
for these systems, or has to be replaced by some other

formulation.

25. HIGH T, SUPERCONDUCTORS AND EFFECT OF DOPING

Superconductivity above 30K was first reported in
the mixed phase La-Ba—Cu—-0 compound system?1 With the steady

improvements in sample conditions and application of

i8



pressure, the superconducting transition temperature
Tc raised to above 40K at ambient pressure and 57K

21
under pressure .

By substituting Y at La sites, Tc 1is increased.
The Y-Ba—-Cu-0 system became a target of material scientists
and many laboratories rushed into this fascinating field.
Later the two phases in the Y-Ba-Cu-0 compound were
separated and identified orthorhombic (Y Ba_Cu._OD é) with

273 T—
0 < & = 0.5 and tetragonal (Y BazCu307_y) with 0.5 = y < 1.
The two structures have very similar lattice parameters
but differ in oxygen stoichiometry and ordering of oxygen
atoms. The orthorhombic phase shows a Tc of about 21K. While

the tetragonal is non—superconducting down to 4.2 K47.

251 ROLE OF SUBSTITUTION ON "Y" SITES:

To determine the role of "Y" 1in the high Tc
superconductivity, Hor, Meng and their wnrker548 synthesized
and examined the QBa2 Cu3 Db+x compound systems with
A = La, Nd, Sm, Eu, Gd, Ho, Er, Lu in addition to Y. They
found superconductivity in the 90K range in the system.
Their results suggested that the unique square planar Cu

atoms, each surrounded by four or six oxygen atoms, are

crucial to the superconductivity of oxides in general. In

15



particular, they attributed the high superconducting

transition temperature of QBa2Cu30 mainly to the

b+ x

quasi—two—dimensional assembly of CuO_,—Ba—CuD owa—CuD

2 2+ 2

layers sandwiched between two "A" layers. They lay emphasis
on the EUD2+x layers because the doping on "“A" defined above
sites does not affect the high Tc superconductivity of 1:2:3

compounds as the substitutions do not enter into Eu02

planes.
5 49 : _
In 19892, Gasnier et al crystrallized -
Pb_Sr Y Ca Cu O (x = 0.5, 0.25)in an orthorhombic
2 2 1-x x 8 8+d
structure. Resistivity measurements show a two step

transition with distinct onset at 86K and 4K with zero
resistivity at 15K. The resistivity increases as T decreases
shows a maximum at around 86K, and decreases slowly showing
another maximum at 45K. This 1is followed by a further

decrease and the zero resistivity is reached only at 15K.

In 1990, Kanai et 3150 have prepared

5125r2 (Bal_xYx)CuZDB based superlattices by stacking two

different unit cell layers containing different vyttrium

concentrations. One unit layer contains lower wy
concentration (x = 0.15) to be a superconductor and the
other contains higher concentration (x = 0.5) was found

to be a semiconductor, and these layers are periodically

20



stacked with appropriate ratios. This variation is due to
the decrease of carrier concentration in Bismith Strontium
Calcium Copper Oxide unit layer with the increase of

+
trivalent y3+inn at the divalent Caz sites.

Morris and his cawnrker551 substituted calcium in

the Y—-Ba-Cu—-0 system at elevated oxygen pressure P(Dz) which

resulted in superconducting compounds with novel and
enhanced properties tetragonal CaxYl_xBaZEu3Dy with

Tc = B&6K for x = 0.2 prepared at P(Dz) = 16 bars, and
CaxYl—xBEZEu4Dy (1:2:4) with Tc = B92K for x = 0.1 prepared

at 50-200 bars. Calcium substitution shifts the phase
stability boundary between 1:2:3, 2:4:7, and 1:2:4 phases to
higher P(Dz), and stabilizes a tetragonal 1:2:3 structure at
moderately elevated pressure P(Dz) with substantial decrease
in Tc. The Te of 1:2:4 increases with Ca substitution upto
x = 0.1 and then decreases gradually for larger x, possibly

because of excessive hole caoncentration.

Akira OND and Ul:hida52 identified and prepared a

single phase system (Sr (I C ). The Tc was

2Y0.7"%.3%92, 557Pp . 459
17K for the sample quenched from BbDC to 77°K. According to

a previous report, a multibhase sample of the nominal

composition Sr Cc

a, 5Cu,.,F'bDy exhibited zero electrical

2Y0.5 2
resistivity at 16K, while Sr Y B3

2 Yo.85%%0.15°

Uy 31PP0_ 69% .8

21



YCu,_ 0O afe non

and (Pb 0.3’ ao.277tu2Y,

0.710 CYo.29) Sral¥ &
superconductors. The absence of superconductivity might be
due to the lower Y/Ca ratios of these samples as compared

with the above sample.

252 SUBSTITUTION IN THE Cu-O, PLANES OF %
SUPERCONDUCTING COMPOUNDS:

no
G

In 1987, Felner and Nowiks3 reported the studies
on the effect of substitution at the oxygen sites by sulphur
and in copper site by Iron. In both cases the
superconductivity features were strongly affected; by iron
for the worse, by sulphur for the better. Substitution of Cu
by trivalent ions sharply decreased Tc monotonically with
iron concentration. On the other hand, the substitution of
aoxygen by sulphur (YBaZCU3u68} did not change Tc, but the
phase transition was much sharper and Meisner effect was

complete. Both their samples had the single—phase

orthorhombic structure.

Mehbod and wyder54 studied the influence of Fe
impurities in the high temperature superconductors of the
type Yl.ZB.aO.BCuD4_6 and YBaZCu3D7_6 on the critical

temperature as measured by the resistance

measurements using four—probe method. They observed that for
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low concentration (upto 104 Fe), two important phases
were present. The semiconducting p hase YZBaCuD5 and

superconducting phase YBa2 Cu3 07,5' The critical
temperature Tc decreases linearly with the concentration of
Fe (upto 10%Z). Above certain concentration of F9203 (12%),

the superconductivity in ‘(lEIazCu:sl:!?__c5 is completely

destroyed.

The effect of substitution for Cu by aluminium
nickel and zinc in Y-Ba-Cu-0 was studied by Ruth Jones and
cnwnrkerszs. They found that all three metals lower the Tc
value and make the transition width broader. However, the
strength of the effect varies with the metal, and this is
attributed to their different reactivities and site
preferences. The most dramatic effect is with zinc. Which
completely quenches the superconductivity when as small as
10%Z of the Cu sites are replaced. It is puﬁtulated23
that under these synthetic conditions zinc prefers the five
coordinated "Cu(2)" site, which is presumed to be in the
main superconducting pathway. Nickel has a stronger affinity
for the four coordinated "Cu(1)" site, Aluminium prefers the
four coordinated "Cu (1)" site for initial substitution. It
was suggested that substitution of Cu(l) sites eliminates

their contribution to the superconductivity.
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Yang et a155 determined several important

parameters of YBa2tcu1—xMX}U7—é (M = Fe , Co, Ni, Zn) 1265
the location of dopants, the valence of dopants, structural
changes, modifications of electronic densities of states and
the distribution of holes. They found that Fe and Co
preferentially substitute for the Cu(l) atom at the linear
chain site, while Ni resides in both Cu(l) and Cu(2) sites
Zn occupies only the plane position Cu(2). In all cases, the
metal oxygen bond lengths (Fe—0, Co - 0, Ni-0 and Zn—0) and
valence states of dopants (mainly Fes+,Cng+Jm2+ and Zn2+?5
show little dependence on dopant concentration. However,
each dopant affects to a different degree the oxygen 2P
states. The changes of the oxygen 2F states for Fe, Cao, and
Ni doped samples may be related to reduction of some oxygen
hole states. This reduction is attributed to a
redistribution of charge carriers in the chain layer and
possibly an inhibition of charge transfer from the chain to
the planes. However, ZIn substitution show no observable
change in its wvalence and oxygen hole states, but the
presence of Zn in the structure leads to breakdown of hole
pairsﬁb. The pair breaking can occur due to weakened coulomb
interaction or magnetic interactions on Cu(2) plane site by
substitution of Zn on Cu(2) site. The lack of hybridization
between Zn(3d) and O0(2P) oarbitals certainly affects the

conduction band and thus the effective hole concentration
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may increase by doping of Zn. Although the hole conentration
increases in the Zn—doping, other killing factors are

sufficient to suppress superconductivity.

It has been previously nbsered that the
superconductivity of \’B.512I3u3l37_‘:S is not significantly
affected by the magnetic character of the rare earth
elements when they are substituted at "Y" sites - On the
other hand, because the superconductivity is associated with
the conduction in the Eu*D4 planes coupled by chains of

Cu—D4 squares. It is thus dependent both on oxygen contents

and the substitution of Cu by other elements.

Gama and his cawnrkerssb studied the effect of Mn
substitution for Cu in YBaZCu307_x. They observed that the
onset in resistive transition is 1little affected by Mn
concentration. An analysis of the magnitude of the
diamagnetic signal shows that the relative superconducting
fraction decreases linearly with the Mn content. X-ray
diffraction analysis56 shows that the orthorhombic structure
is preserved for all samples, in spite of the occurence of

additional phases, whose amounts increase with the Mn

content.
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253 SUBSTITUTION ON "B_," SITES

In 1987, Veal, and coworkers &3 doped YBaZCuEU},_‘5

xSr'xCu_D for 0 < x < 2. They

with Sr and synthesized YBa <0 _5

2—
found a systematic depression of Tc and contraction of unit
cell volume with increasing x. They also observed that the
resistivity above Tc generally increased with increasing Sr
contents. They discussed two possibilities for explaining
the decrease in Tc: a change in the phonon or electronic
structure due to the direct substitution of Ba with Sr or

change in the environment of the Sr site due to local strains

or oxygen vacancies.

They have negated the first idea arguing that the
Ba and Sr ions are both doubly ionised with comparable
electronegativities and therefore present the same coulomb
field to the crystal potential and contribute the same
number of electrons to the conduction bands. They have
stressed that the depression of Tc by Sr substitution must
be indirectly caused by a local perturbation of the
structure in the neighbourhood of the Sr sites. They argued
that the perturbation could involve a slight collapse of the
surrounding Cu-0 planes or the introduction of additional

oxygen vacancies.
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Suzuki and wnrker557 have reported the influence
of composition of 346 metallic elements on the Tc of the

superconductor (Y B M Cu Dy)' Furthermore, some

F2-x 'x 3

combinations of two species were tried as heterovalent ion
dopant. They found that for x = 0.4, the samples containing
(M - Mg, Co, Te, Vv, Cr, Mn, Fe, Co, Ni, Zn, Ga, Ce, Zr, Nb,
Ma, B, Al, S5i,; P, 8Sb, Bi; La, Ta, w157 exhibited residual
resistance above BOK and were not superconductors. The
specimens (M = Sr, Sn, Pb) showed a higher Tc, than 87K, but
their resistance no longer fell to zero at x = 0.6.
Similarly M = In specimen with x = 0.6 showed a Tc greater
than 86K. The remaining M = Yb was a superconductor above
about 80K at x = 0.8B. Generally, the ratio of the

superconducting orthorhombic phase decreases as the amount

of dopant increased.

The effect of heterovalent ion—doping of K-In and

K-=La is that YBa K _ Cu O 57 exhibited superconductivity
2-x 0. 5x 3 v

at temperature higher than 82K upto the composition of 1.0.
The most interesting behaviour was observed in
YBaz«Ko.SxLao.chuaoy . For the sample (x=0.4), the first
trial showing negative electrical resistance below 160 and
210K, may be arising from a temperature gradient induced at

the surface. For the second time with different sintering

time, a little residual resistance always persists, there 1is
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a steep drop in resistance around 200K. This drop was found

to be unstable.

T. Bjornholm et a15B studied the effect of Ca
+ .
substitution on "Y" sites and La for Ba2 - These studies
suggest that two phases coexist in (Ca, Ba, La) CuD7_6 ; a
= 2 : 3+ . st :
superconducting phase in which La ions occupy Y sites,

: ; 2+ 2
and a second non superconducting phase where Ca ions

occupy Y sites.

The effect of Ca substitution at Ba sites was
studied by Mahboob et al 30. The observed Tc of the calcium
doped sample is slightly lower than the parent compound
{Y"Bazc“307~5" The lower Tc in strontium—doped sample is
explained in terms of structural changes caused by local
distortions of the lattice 1in the wvicinity of strontium
sites and the additional oxygen vacancies. It is likely that

similar "local distortions" are operating in the case of Ca

substitution which leads to depression of Tc.

26. APPLICATIONS OF SUPERCONDUCTORS®?’%2

The discovery of superconductivity opened the
prospect of practical application of superconductors. But

due to low current densities and low Tc’'s, the commercial as
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well as the military and industrial applications were slow.
The discovery of high Tc superconductors with Te > 77K Dby
Wu et al set off a flurry of research activities on these
ceramic superconductors. Some applications by employing

conventional low Tc superconductors are described below:—

By using superconductors, almost 100%Z transmission

efficiency could be achieved.

These are used to shield space vehicles against

radiations, in accelerators and in fusion reactions etc.

The levitation property of the superconductor

could be used in designing the magnetically levitating
A

tréhs.

Cryotron is a switch based on superconductivity.
Simplest form consists of a coil of wire of one
superconducting material would round a 1length of another
superconductor, all immersed in a bath of liquid helium. A
control current passed through the coil produces a magnetic
field strong enough to destroy the supércunductivity of the
central wire but not of the coil. Thus the current in the
coil controls the resistance of the wire, switching it from

zero to a finite value.
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The ability of specimens with holes through them
to carry a persistent current with its accompanying magnetic
field can be used to produce intense magnetic fields by
compressig together the flux lines of the field. Consider

the arrangement as shown in Fig.12.

The cylinder with the "figure of eight" hole
through it is brought into the superconductive state in the
presence of an applied field which is then removed. This
produces a persistent current flowing round the hole and
this current is accompanied by its magnetic field. The flux
of this field is now intensified in the Tfollowing way. A
solid superconductive cylinder, which fits tightly, 1is now
inserted into the larger hole of "figure of eight". Since
this solid cylinder 1s in the superconductive state, the
Tflux lines which were in this hole cannot penetrate the
solid cylinder due to Meisner effect. They are forced into
the smaller hole to join the flux lines there. S50 the flux

lines in the smaller hole are j;now much closer and denser

2 2
. +
and flux density greater (by a factor Rl R2 ) .Fields
2
Rz
of strength 5 x 105 A/m have been produced by this

apparatus.
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Superconductive heat valves are widely used
devices to control the flow of heat. The bhasic
superconductive heat valve 1is simply a long, thick,
cylindrical wire of typel material connnecting the two
systems, A and B, between which the heat has to be

controlled (Fig. 2.2)

If the wire 1is made of lead and kept at
tempertures press than 1K, then its thermal conductivity in
the superconductive state is very small and about 200 times
less than that in the normal state. When the wire is in the
normal state, heat can flow between A and B and if the wire

is in the superconductive state then almost no heat flows.

To switch the valwve open, the valve is taken from the
superconducting state to the normal state by the
application of a sufficiently strong magnetic field. To

close the valye, the field is removed and the value returns

to the superconductived state.
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CHAPTER - 3

"EXPERIMENTAL"

Superconducting cermacis of general compositions

Y (B

0. % Mn ) Ca Cud, _(x = 0.03, 0.05, ©0.07, O.1,

20.5-x 0.2 3-=2

0.15) were prepared by heating the starting materials mixed
in appropriate ratio at higﬁ temperature in a furnace. The
ceramics were then characterized by X-ray diffraction and
resistivity measurements. Some ESR studies ét ambient

temperature of the ceramics were also carried out.

The starting materials used for the preparation of

the ceramics are given below:

Punity Supplier
1. Y203 99.9%4 Fluka
2. BaCoO o L A Prepared in the
S
laboratory

3. CaED3 994 "

4. MnED3 ? 99% E—Merk.

o 18 CuD > 98%4 Fluka
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31 SAMPLE PREPARATION:

The sample I of nominal composition

Y. (B M

0.3 ) Ca CuO was prepared by using

9.47' "0.03 0.2"%3—2

appropriate amounts of y203, BaCcO CaCco HnCD3 and CuO. The

37 3

required amounts of the respective compounds were calculated

by the formula;

Molecular Weight x Molar ratio x 1.04
25

Weight required =

The amounts of the various starting materials

required are shown in the last column.

MOLECULAR MOLAR AMOUNT
COMPOUND WEIGHT RATIO REQUIRED
Y203 225.82 013 1.40%1g
BaCU3 197 .34 0.47 3.8584qg
CaCD3 100.00 0.2 0.832qg
HnCD3 114.97 0.03 0.1435g
CuD 79.99 1.0 0.3093g
Total weight = 2.5523g
The sequence of operations involved in the
preparation of the ceramic is (a) Calcination

(b)pelletization and (c) Sintering.
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a) CALCINATION:
The weighed amounts of the starting materials

Y 0 BaCO

o CaCO, MnCO

<5 3 and CuO (all of high purity)
were thoroughly mixed by grinding in an agate mortar and
pestle. The initial colour of the mixture was grey. The
finely ground powder was then heated in a furnace (range
from ambient temperature to 140008) at 800°C for several
hours. The furnace was calibrated using
copper—constantan thermocouple. The variation between
the set temperature and the actual temperature in the
furnace was not more than 5°C. Calcintion procedure was
carried out for a total period of &7 hours 1in an
atmosphere of air. During this step, the calcined
product was fTurnace cooled, reground and heated at least
four times. The calcined“pruduct was further processed
in five steps. First of all, a portion of the calcined
product was separated for sintering. The remainder of
the powder was treated in four steps (B1, Cl1, D1, E1) as
shown in Table.l. The well ground product was heated at
820°C in air for 12 hours (step Bl). The powder was
furnace cooled to 300°C and allowed to soak in air for 7
hours. It was then cooled slowly to room temperature in
the furnace. The resultant product was reground, heated
at 820°C in air, furnace cooled to 30000, soaked in air

for further 7 hours and then slowly cooled to room
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(b)

(c)

temperature. The pellet was pressed at 6000
Kg/cm2 pressure. Itgﬁesistance was measured by a
digital multimeter and the Meisner effect was tested
without sintering. The powder was then treated as 1in
step C1, followed by steps D1 and E1 as shown in

Table 1.

PELLETIZATION:

The dark black granular powder obtained after
calcination at 800°C was powdered thoroughly. A drop of
2% polyvinyl alcohal was added to it as binder and
grinding was carried out again. Two pellets
(diameter=13mm, thickness ~2mm) were pressed at
6000Kg/Sg cm pressure using D-01 die (diameter 13 mm)
and 25 ton RIIC hydraulic press. The pellets were then
sintered.

SINTERING:—

The two pellets were sintered in air at 800°C  for
24.0 hours and furnace cooled to room temperature. The
resistance of the pellet was found to be ~ 200 ohms
and it showed positive Meisner effect.

The nominal composition and the amounts aof the
starting materials for the sample 11, 111, IV and V
corresponding to x = 0.05, 0.07, 0.1, 0.15 respectively

are given below:—

35



Il.

III.

IVY.

COMPOUND
Y203
BaCDS
EaCD3

HnCDs

CuD

Y2Ps
BaCo
CaCo
MnCO

CuD

YZDS
BaCO
CaCO
MnCO

CubD

Y50+
BaCo
Caco
MNCO.

CuD

MOLECULAR
WELGHT

225.82

197 .34

100.00

114.97

79.55

Total Weight

225.82

197 .34

100.00

114.97

77.99

Total weight

225.82

197.34

100.00

114.97

79.54

Total weight

225.82

197 .34

100.00

114.97

77.95
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MOLAR
RATIO

0.15

0.45

0.2

0.05

1.00

0.15

0.43

0.2

0.07

1.0

9.4152g

7 .2%46qg

AMOUNT
REQUIRED

1.084

2.842

1.40921

3.530

0.832

0.3348

3.3093

1.4091

3.6946

0.832

0.4784

3.3093

1.4091

2.8732

0.832

0.7174

3.3093



The basic heat treatment and sintering procedure
followed for samples II, III, IV and V are essentially the
same as detailed for sample I. Heat treatment conditions and

sintering parameters for these samples are shown in Table 11

ta VI.
32 RESISTIVITY MEASUREMENT:
321 INSTRUMENTATION:—

The resistivity measurements were made using the
customary four—probe method. The contacts on the pellet were

made using silver paint which is conducting.

The circuit diagram used for the resistivity

measurements is shown in Fig. 3.1.

(a) Ministat Model 251 (H.B. Thomson).
Ministat was employed as a Galvanostat to obtain
constant currents across contacts a and d. Usually the
current value ranged between 0.1 to 1.0mA. The potential
across the contacts b and © was measured using a high
precision system multimeter, M 2534 by Philips. A
heating element is also fixed to the base of the mount

through a piece of asbestos sheet.
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322 CRYOSTAT AND CONTACTS:

The cryostat consisted of a pellet mount caontained
in a hollow metallic cylinder. The four—probe contact leads
together with the copper constantan thermocouple lead pass
through a long cylindrical handle. The pellet is mounted on
the base and the contacts are fixed. The thermocouple tip is
also fixed on the pellet. The whole assembly is airtight.
Before measurement, the apparatus is evacuated. The assembly
is then placed in 1liquid nitrogen contained in a dewar
vessel (half filled). Fig. 3.1 shows the pellet connection
to the ministat and the system multimeter. The thermocouple

lead is connected to the digital thermometer (Digi Sense).

1t was found that if the silver paint was slightly
thinned with acetone for fixing contacts, the quality of
contact is improved. Essentially noise free contacts result
if the area under the contacts is small. It was also found
that fresh contacts were necessary for the noise free output
from the multimeter. On many occasions contacts were
loosened or detached from the base. In such a case, the
contacts are removed from the pellet and the silver paint
remove by rubbing with fine sand paper. After resintering

the contacts are refixed.
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The resistance of the ceramic element was measured
by the four—probe method as described earlier. The voltage V
across the element corresponding to the applied current I is
measured with precision multimeter. The temperature Iis
measured with the thermocouple attached to the digital
thermometer. Using Ohm's law, the resistance R is calculated

R = v/,

A plot of temperature (UK) against resistance gives the

temperature-resistance curves.

The resistance values can be converted into

resistivity p,

RA
L

(the area A and length of the element L)

23 X-RAY DIFFRACTION®®?®%

X—ray diffraction measurements of the samples were
made at room temperature using a D—-Max series 3 Rigaku
diffractometer with Cu Ka (A = 1.5418A°) radiation. The Cu
Ka radiations were diffracted from the sample surface. The
tube voltage was kept at 40Kv and the current at 20mA. The
alignment of diffractometer was carried out and test runs
for standard silicon was obtained before getting the

diffraction pattern (intensity vs 28) of the samples.
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Methods usually employed in X—-ray diffraction
measurements are (a) Laue (variable A, fTixed €) (b) Rotating
crystal (Fixed A, variable &) and (c) Powder (Fixed A
variable 8). These various methods differ in the type of
radiation used and sample employed. The powder method is the
only method that can be employed when a single crystal
specimen is not available. This method is suited for
determining lattice parameters and for the identification of
phases, whether they occur alone or as polyphase alloys.
There are two main powder methods:—

é) Debye—Scherrer powder method
b) Diffractometer powder method

X—ray diffraction method 1i1s commonly used for
structure determination since X—-rays have a wavelength of
the same order of the magnitude as the distance separating
the atoms 1in solids. When x-rays are directed at the
crystalline materials, they are diffracted by the planes of
atoms in the crystal at certain angles depending on
internuclear distances. The characteristic features of an
x—ray powder spectrum are the angle at which reflections
occur and relative intersities of reflection. The dependence
of the reflection angle on the wavelength and interplanar
distance (th) is given by Bragg’'s Law.

nx = 2 thSine

The spacing (th) depends upon the dimension of the unit
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cell, which for different systems are:-

System d

Cubic a/’/

2 3 S 1/2
+
Tetragonal —E—;—E—— + l/é}
a
-1/2
2 : kz . lz
Orthorhombic 2 2 2
a b
The relative intensities of the reflections
depend on the kind of the atoms and their arrangements

between lattice planes. Following are the factors affecting

the relative intensities of diffraction lines:-—

a)
b)
c)
d)
e)

f)

hkl

Polarization (P)
Structure factor (Fhm)
Multiplicity factor (M)
Lorentz factor L,

Absorption factor A,

Temperature factor T,

Relative intensities are given by relation

1 + Cos’26

a ( >

) |FhkL P

The unit cell parameters (a, b, c, a«, 3, ¥) can be
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expressed either as a function of the interplanar spacing, d

or the miller indices. The unit cell of cubic, tetragonal
and . hexagonal systems can be determined with graphical
methods. However, monoclinic, triclinic and orthorhombic
systems present difficulties in indexing by graphical

methods. The cell of such systems are characterized by three
(orthorhombic), four (Monoclinic) and six (Triclinic)
lattice constants depending on the complexity of the system

in terms of Eymmétry.

After recording the diffractogram of the sample,
the stored data in comprising of the diffraction angle,
spacing and intensity of each reflection is printed out.The
unit cell dimensions of the unknown samples were calculated
by using a computer program. The program requires the
estimated values of the lattice constants, space group,
wavelength and the total scanning width (28) as input data.
The output of the program gives us the total possible
reflections in this 28 range along with the multiplicities
for the estimated values-nf lattice constants. Hence by hit
and trial method, a set of values are obtained which are in
agreement with the observed ones and the corresponding
values of the lattice constants are assumed to be the
approximate lattice constants for the particular space group

aof the sample. The approximate wvalues of the lattice
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constants are then fed into another program for refinment
purpose. The respective space group number gives the crystal
structure, the space group and all other symmetry

conditions.

3.4 ELECTRON SPIN RESONANCE SPECTROSCOPY

bb, 68
341 BASIC PRINCIPLE:—

An electron has an intrinsic angular momentum H
with half integral spin (S5=1/2), S 1is the electron spin
quantum number. A component of electron spin along a given

axis, z axis, is expressed by M_h (HS =+ 1/2). The electron

S
spin is associated with a magnetic moment given by

w e
= 9 2mc 24

Where e, m and c are the electronic charge, the mass of

electron and velocity of light respectively.

e

Substituting 3, Bohr Magneton, for g

get M = — gfis

Because the angular momentum and the magnetic
moment are vector quantities, the magnitude of angular
momentum vector for an electron is h JS5(5+1)  and its
magnetic moment is g3 JS(S+1) . The component of the

magnetic moment along z axis is n= gﬁMS.
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When an electron is placed in a uniform magnetic
field H, the magnetic moment of the electron might be
expected to interact with the electric component of the

field. The energy of the electron due to interaction will be

E = - K, H
By substituting H,
E, = —4 gpH
_ 1
E_ e g g

The electron may be excited from lower energy
level to higher energy level by absorption of radiation
energy (hv). Two conditions are necessary for absorption.

i) Ther energy of a quantum must be equal to the

separation between energy levels i.e.

E+ - E_ = hv = gf3H
ii) The oscillating electric field component must be
able to stimulate an oscillating electric dipole
in the molecule.
When these conditions are satisfied, the ESR

spectra is obtained.

The g values can be calculated by

g:h—v
AH

342 INSTRUMENTATION®”
All measurements were performed on Jeol JES-FEIXG

instrument using 100 I(Hz field modulation. The instrument
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consisted of various units.

a) Spectrometer:
Comprising the following:—

i) Magnetic field control unit.
Field sweep intensity could be varied upto maximum
46500 G.

ii) Mod width/Amplitude (100KHZIBO KHZ) unit
Modulation rate could be varied from 0.002 G to
20 G and fieldwidth could be varied upto * 2500 G.

1ii) Oscilloscope
Concluding mode checks, ESR signal, mal function
checks etc. could be aobserved on this screen.

iv) Recorder:-—

D-YT recorder type was used to record the ESR

signal.
b) Microwave unit:—
&) Cavity Resonator
d) Electromagnet and Excitation Power Supply.

For other details see manual for ESR in5trumentb7.

343 PROCEDURE:

0.01 M solutions of the samples

(Ba Mnx) Ca CuD with (x = 0.03, 0.05, 0.07,

Yo.3' P, 5.5 o 2ol

0.1, 0.15) were prepared by dissolving 0.0153g, 0.09235qg,
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0.0646g, 0.0448 and 0.0293g of the ceramics per 2ml of the
solvent (dil. HC1l). The spectra of the solution were
recorded in capillaries (diameter = 1mm). The tube was
screwed in the microwave cavity between the poles of a
strong electromagnet. The field of the strong magnet was
varied gradually until a setting is reached at which the
natural precession frequency of the resultant paramagnetic
ion just mgthes the microwave magnetic field frequency. This
is the condition of resonance at which energy 1is absorbed
from the microwave field by the spin system. Generally, the
Klystron operates at ?.44 GHz. At resonance, a quantum of
microwave radiation just equals the spacing between two

enerqgy levels of the spin system. g value can be calculated

by
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CHAPTER - 4

RESULTS AND DISCUSSION
41 RESISTIVITY MEASUREMENTS:

The ceramics of nominal composition

Y B Mn_Ca

0.3835 _ 5-, M, 0.2Cu03_z (x = 0.03, 0.05, 0.07, 0.1 and

0.15) were prepared by the solid state reaction. Pellets of
13mm diameter and of ~1lmm thickness were prepared from the
finely ground calcined powder and sintered. The heat
treatment conditions and sintering parameters are given 1in
Table 1 to VI. The unsintered pellets showed high resistance
in the range of kilo and mega ohms at ambient temperature.
However sintering of the pellets reguced the resistance to

within few hundreds ohms. All samples were sintered for a

total duration of 24—hours in air. In the case of sample D3,

resistance of the pellet was observed at several steps
during the 24 hour sintering cycle at 900°C. After six
hours its resistance was found to be 60-20kilo-ohm.Further
sintering for b hours reduced the resistance to
9—-10kilo-ohm.At the end of the 24 hour sintering the
resistance of the pellet reduced to 150-600 ohm. Generally,
majority of the samples studied showed continual decrease in
resistance when the sintering duration was prolonged. The

L

sample D5 was also sintered at 900°C and its resistance was
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measured at intervals of nine hours. First the resistance of
this sample reduced from ~20 M ohm to about 1K ohm and the
end of 92 hour sintering period. Further sintering for

additional nine hours increased the resistance to ~1 5K

L s L r e ’ ’ ’

g2 Py s Fp By » Bga By 0 By 0 By

M CS " D5) were subjected to Meisner test to check the

ohm. All samples (Hl, A

presence of superconductivity. Only those samples which
showed +ve Meisner effect were chaosen for resistivity and

x—ray diffraction measurements.

As is clear from Table — VI the samples with x=0.1
and x = 0.15 are not superconducting. Three samples
corresponding to x = 0.1 were sintered at 87ODC, 875°Cc and
890°C. The first two samples showed resistance of ~B800 to
1000 ohm but at highest temperature the resistance increased

to > 20 M ohm.

It appears that the heat treatment and in

particular the sintering parameters are quite critical in

stability of the superconducting phase. A change of
sintering atmosphere from air to N2 in the case of sample Al
leads to the formation of a ceramic which is

non—superconducting.Forsamples containing low concentration
of Mn (x=0.03, 0.05 and 0.07) wvariation of sintering

temperature in the 800 - 900°C range does not destroy the
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superconducting phase altogether. The presence of higher
amounts of Mn (samples with x = 0.1 and 0.15) produces a

ceramic material which is essentially insulating.

Resistance of Mn—substituted samples as a function
of temperature was made using the usual four—probe method.
Figs 4.1 to 4.4 present the resistance—-temperature data of
the samples studied.

r

The D3 sample shows metallic behaviour from

ambient temperature (2920K) down to about 90K. In this
temperature range the resistance of the sample falls from
?7m ohm to 77m ohm. At 77K the resistance is ~62m ohm.

Thus there is an 1indication of the oaonset of a super

"

conducting transition around 25K. The 03

sample having the
same composition as 03 sample but sintered at 900°C clearly
shows the onset of superconducting transition at 85K since

there is a sharp fall of resistance. In the range 225-80K,

this sample shows metallic behaviour (gradual decreaseof
resistance with temperature). However between 290-225K there
is a significant drop in resistance which indicates that

2

and E2 samples show an onset transition around 87K. Above

there is another superconducting phase above 225K. The D

this temperature both samples show a mixed metallic/semi

conducting behaviour. The Al sample having the lowest
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concentration of Mn (x = 0.03) and also sintered at lowest
temperature (BOOUC} shows a marked decrease 1in resistance
with decreasing temperature in the range 230 - 210 K. The
resistance drops from 70m ohm to 33m ohm. This change 1n
resistance may be attributed to the presence of a metastable
superconducting transition state. The resistance of this
sample does not show any significant change in the
temperature range 216-90K. At about 88K resistance
temperature curves show a short fall in resistance

indicating the onset of a superconducting transition. The D’

4
sample shows essentially metallic and semiconduc ting
behaviour from ambient to liquid nitrogen temperature. The
resistance change R (TchSEt) - R(77K) of the samples Ql,

E, and D, is 18, 38, 25.5 and 33 m ohm respectively.

DZ’ 2 3

None of these samples shows zero resistance in the liquid
nitrogen temperature range. The existance of residual
resistance indicates that there is another phase below 77K.
Resistivity measurements below 77K could not be made to

verify this suggestion due to experimental limitations.

The parent compound Y-Ba-Cu-0 system has been
extensively stud.i.ed.65 The superconductivity in this system
has been attributed to the quasi—two—dimensional assembly
of Cuﬂz—Ba—CuDZ—Ba—CuD2 layers sandwiched between the layers

of Y atoms. Several modifications of the basic structure
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have been attempted by substitution at Y sites by other rare
earth atoms and at Ba sites by Sr29 and 6330. Such
substitutions have shown littleinfluence on the
superconducting behaviour of the parent compound. Other
likely sites for substitutions are the Cu(l) and Cu(2) sites
in the one dimensional EU“D“ChaiHE along the b axis and
two—dimensional Cu—-0 sheets in the a—-b plane respectively.
Substitution of Cu by metallic elements has been carried out
in the 1light of different pairing mechanisms recently
discussed. Substitution of Cu by Ag to a transition onset of
50K and a transition width of ,330K.24 Copper has also been
substituted by 3d transition metals (A) 1in the nominal
composition YBaz(Cul—xnx)307~6 LIN the case of Mn
(antiferromagnetic element) substitutianbs, onset and
TEremained practically unchanged in the range 0< x < 0.1
which suggests that Mn substitution does not cause a
measurable change in Tc. It was also observed that
Mn—substituted samples in the range 0< x < 0.1 contained
very small amount of additional phases (below 1%Z). For x =
0.1 not only the superconducting characteristics changed but
also the amount of additional phases increased. The
occurence of non—superconducting additional phases broadened
the transition width. The normal state resistivity also

increased with Mn content probably due to the enhancement of

carriers scattering by dispersed amounts of the intragrain
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additional phases. The resistivity results suggest that the
Cu(2) sites in the Cu-0 planes are preferntially occupied by
the Mn ion.
Strobel et a124 studied YBa_Cu Mn_ O
2773(1-x)  3x 7-&°
(M=Ag, Li, Pt, Zn, Cr, Mn, Fe, Co, Ni) compositions for x=5
or 10%Z. For 107 Mn substitution, &60-70K phase 1is dominant
while the high temperature phase with TCDnSEtabDve BOK 1is
present as minor phase. This behaviour 1is attributed to
preferential substitution on particular sites. The oxygen

content of the samples (annealed in 02) varies with ™M and

this provides an alternate explanation of the observed

effect.

Substitution at Ba sites by a variety of metal
atoms has been attempted by Suzuki and cownrker57. They
studied YBaZ—xHxCUSD7—6 compositions for 36 metals with

x=0.4, 0.4, 0.8, 1.0. Their results show that iron group
metals in general exhibit residual electrical resistance.
Also the ratio of the superconducting orthorhombic phase

decreases as the amount of dopant increased.

Substituation of Mn at Ba sites in presence aof Ca
has not been attempted in Y-Ba-Cu-0 system. Mahboob and

cnworker530 have studied Ca— substituted compound ,
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C Y B

as.2Y0.3 aO.SCuDS_Zprepared under different heat treatment

and sintering conditions. All their samples were single
phase with Tc in the range 83-85K and To ~77K. This
Ca—-substituted sample showed a depression of Tc in
comparison to the parent Y—Ba—Cu-0 compound . Veal’'s

studieszq of Y B Sr_Cu. D compositions show similar

A2—x""xYU377-5
results for Sr—substitution. The depressionof Tc caused by

Sr or Ca substitution are attributed to "local distortions".

The resistivity measurements of Mn substituted
samples under investigation show that the substitution of Mn
at Ba sites in suppressing the usual superconductivity
orthorhmbic phase observed in Y-Ba-Cu-0 or Y-Ba-Ca-Cu-0D
systems. The existence of another phase below 77K is
indicated by the presence of the residual resistance at 77K.
With increased Mn content the proportion of the high Tc
phase (Tc ~85K) is decreasing since samples with x = 0.1
and 0.15 are found to be non—superconducting. These results
are in agreement with Suzuki57 . The occupancy sites for Mn
in the unit cell need to be rationalized on the basis of
resistivity and x-ray diffraction data. The likely position
which Mn can occupy in the unit cell are Cu—-sites and
Ba—-sites. If Mn occupies Cu(2) sites in the Cu-0 planes or
the Cu(l) sites in the Cu-0 chains, 1little influence is

expected on the superconducting behaviour, Tc':m":"ﬂ't and
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TEvalues of the Y-Ba-Ca—-Cu-0D system on Mn substitution
corresponding to x=0.03, 0.05 and 0.075 1in the 1light of
Jardim‘s63 result. The resistivity results in the present
study do not substantiate the possibility of Mn occupancy of
Cu(l) or Cu(2) sites. The presence of minor additional
phases which increase with Mn content (x = 0.1) appear to be
responsible for suppressing ch"'-l":":'lt and TE and indicative of
the ultimate transition of the high Tc phase to low Tc
phase. Strmbelz4 finds that &60-70K phase is dominant while
the phase with onset transition above B0OK is the minor phase
in samples containing 104 Mn substitution. Therefore the
presence of low Tc phase in our sample is not surprising.The
other likely occupancy sites for Mn are Ba and Ca-sites.
Substitution of Ca or Sr at Ba sites leads to a depression
of Tc of the parent Y-Ba-Cu-0 compound due to ‘local
perturbations’. Manganese is lighter than Ba or Sr and 1its
lonic radius (BOppm) is smaller than the ionic radii of
Ba(134 ppm), Sr (112ppm) or Ca(92ppm). Substitution of Mn at
Ba-sites will increase the phonon frequencies associated
with these sites. An increase in phonon frequencies will
tend to raise the Tc, if these phonons are involved in the
electron pairing interactions. The observed TchSEt of the
higher temperature phase 1is lower than in the parent

compound. This suggests that change in phonon frequencies is

not significant in affecting Tc. It is likely that Mn with

54



smaller ionic size and larger electronegativity than Ba or
Ca might cause a gross modification of the crystal field
potential. The "local perturbations appear to be stronger 1in
the neighbourhood of Mn in comparison ta Ba or Ca. The
04atom5 are the nearest neighbourto Ba atoms. However, since
04 atoms are strongly bonded to Cu(l) atoms, Mn substitution
is not expected to affect 0.4 site occupancies. The next
nearest neighbours of Ba atoms are 01 atoms which are less
strongly bonded to Cu(l). Possibly Mn substitution affects

01 site occupancies leading to depression of Tc and

additional 01 vacancilies.

1t is worth noticing that resistivity measurements

of AS and 03

show the existence of a phase above 200K. Such
a phase has not been observed in previous studies of Mn
doped samples whether this phase i1s genuine or it 1is just

metastable state during tfénsition superconducting state

with Tc ~ B85 K is yet to be investigated.

42 X-RAY DIFFRACTION MEASUREMENTS:-

The results of x-ray diffraction measurements of
samples showing positive Meisner effect are presented in
figs 4.7 4= 4.10. The XRD measurements of a

nonsuperconducting sample are also presented in fig 4.10 .

55



Table VII — X contains the lattice parameters computed on
the basis of Pmmm symmetry of the orthorhombic wunit cell.
Tables VIII— XI presented the 28, d and I/I (where ID =
intensity of the strongest peak) values an the main
reflection in the XRD spectra of the samples. The h, k, 1
values have been assigned to mains peaks in the
diffractograms.

In the case of ﬁl sample, major peaks occur at 26
values of 22.77, 27.55, 32.64, 3B.51, 40.28, 446.58 and 58.18
carresponding to d-values of 3.9201, 3.235, 2.741, 2.330,
2.236, 1.748 and 1.584 A° respectively. The corresponding
peaks for the Y-Ba—Cu-Oxide system appear at d-values of
3.893, 3.235, 2.726, 2.334, 2.232, 1.946 and 1.58B4 A°. Thus
the A; sample has orthorhombic structure of the YBaéCu307Hé
typeéq. Some additional weaker peaks 1in the region of
26=28.3° to 31.6° of the spectrum arise from copper. In this
region x—rays lines due to copper occur at 28 values of
28.3, 29.2, 29.%, 30.95; 30.% and 31.6?4 The last four peaks
have been observed in Mn—doped sample by Suzuk157. Lines due
to BaCu02 and YzﬂaEuD5 are frequently present in the XRD
spectrum of the parent campuund24. Particularly lines due to
BaEu02 and Y2l3u205 phases would be present if the Ba:Y ratio

differs from 2:164. Hence the remaining peaks observed for

sampe ﬁlmay be attributed to the presence of these phases.
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The x—ray diffraction patterns of samples in which HMn
content is 1.0 and 2.5 mole percent (x = 0.01 and 0.025) are

essentially similar to Y-Ba-Cu-0. However, x = 0.03 new

phases appear. According to Jar‘l:lim,63 the YzBaCuD5 phase

accounts for most of the extra peaks.

r

The x—-ray pattern of nl

sample is also similar to

those of Y B samp19530 sintered at

0.39%30.5%%, 2040

3-2z
different temperature in the 870 - 910°C range. For the
Ca-substituted sample, the peak at 26 ~33° adjacent to the
strongest peak is well resolved and intense in comparison to

other samples. The sample sintered at 920°Cc is

non—superconducting in the liguid N2 temperature range. This

peak 1is most likely the strongest peak of the low Tc phase
(Tc € 77 K). The presence of this peak in the XRD pattern of

the Al sample is indicative of the existence of this low Tc

L3

phase in the sample. The XRD patterns of Dzand E2 samples
are similar to that of ﬁl. The peaks due to impurity phases

and copper are also present. The main peak of the low Tc
phase is also present in the x—-ray diffraction spectra of

the samples.

’ "

The XRD patterns of D3 and D3 or markedly

1 ]
o

28 region of 20°- 45°. In addition to peak due to

different in comparison to that of A particularly in the
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orthorhombic structure impurity phases and copper, other

peaks are also present. The peak at 26 nJ3SD is the

’

strongest in D3

sample indicating large proportion of the low
Tc phase. Anohter striking feature common to spétra of all

samples is the presence of a peak at 28 —J43.50 (d 2.08).

¢ *

D, and Ez samples but strong in

This peak is weak 1in ﬁl, 2

Dsand D3 samples. In addition, D3 sample also shaws a peak

at 28 ﬁJ42.90 which is not observed in other samples. The

.

XRD patterns of the non—-superconducting samples annd D4

appear to be a mixture of several phases. The main features

have already been discussed. A comparison of the structural

parameters reported in table VII shows that b and c
constants have nearly the same value as observerd 1in
(30) (64)
Y0-3Bao_5Ca0_2EuD3_Z . ‘4’lEI.:-:leILL:SIZ)?,_C5 »
(24)
YBaZ(CU1—anx)3D?—é )
(64)and Y Ba CuD .(65)

YBa Sr Cu_0
= x 3

2 7-& I/35 23 3=z

The c—value of the E2 sample 1is somewhat smaller but

comparable with the Sr—doped sample. The b-value of D

3

sample 1is also somewhat smaller. As fTor a-value is

. ’ -

concerned, it is larger for Al, 02 and Ezsamples but of the
same order of magnitude of D; and D; as 1in the parent
compound. In the case of Al ’ bz and EzsampIEE a-value 1is
comparable with the a-value in the tetragonal phase. For

some samples, c—value is also close to that for tetragonal
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phase. These changes in lattice parameters suggest
structural modification resulting from Mn substitution at

Ba—-sites.

4.3 ESR STUDIES

If a free paramegnetic 1ion of total angular
momen tum characterized by J 1is subjected to a magnetic
field, Hn’ the energy of interaction is given by glﬁHDMJ

where HJ = dy (=LY gy aweans s, —d

MJ is magnetic quantum
gl = Lande ‘g° factor

3 = Bohr maagneton

In a magnetic resonance experiment on the free
ion, transitions may be induced between various HJ levels

according to the selection rule A HJ = * 1.

In practice ions are situated in a crystal lattice
and therefore it is necessar; to consider their environment.
For example, a paramagnetic ion placed at a normal lattice
site in the crystal is surrounded by a regular array of
diamagnetic ions. It is considered to be separated from
other paramagnetic ions by a distance enough to reduce

magnetic interaction to a negligible proportion. Such a
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situation is found when small concentration of magnetic 1ons

(< 0.1%4) are present as impurities in diamagnetic crystals.

Since pure high Tc superconductors dao not show ESR
spectra, Mn doping 1is of interest. Mn2+ ions may be used as
microscopic probes for ESR spectra. Effect of Mn
substitution on ESR spectra has been studied in La-based

system. Another such study is due to Akihiro Moto et 3138.

Unfartunately ESR signal of the powder samples
cold not be recorded at ambient temperature 1n the present
study. Measurements at low temperature were also not
possible due to experimental limitations. All ESR
measurements made by dissolving the ceramic material in
dilute HCl1. Hence it is not possible to draw conclusion

about lattice environment.

The ESR spectra of the samples
Y0_3(Ba0_5_xﬁnx)CaO_ZCuDS_Z sintered at different
temperaturesrecorded in dil. HC1 (&M) solution. Because the

2. 5,69

manganese has the electronic configuration (4s 3d7) s the

half filled shell of the high spin 3d5 implies that the

b

SS/Z'In lower

ground state will be an orbital singlet
field, generally six lines are observed. The outer lines

correspond to transitions * 3/2 « * 1/2, the intermediate
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lines * 5/2 « * 3/2 and the-central lines to + 1/72 « 1/2.
Theaoretically, the intensity ratio is Bgeos9, but
experimental results do not agree with this ratio. The peak
positions, line width and intensity of the lines are
important for the chemists70. Since not only the different
frequencies are used in different spectrophotometers, but
the frequency of each spectrophotometer need to be varried
somewhat in different samples. That is why 1line positions
are stated in terms of g values. The g value of all the
samples at different temperatures are given in Table
XI1II-XVII. The g value for CuSDq in dil.HC1 is 2.1603 and g
values for MnCO, in dil.HC1l are 2.155, 2.0892, 2.034, 1.960,

3
1.220 and 1.846 respectively (Table — 111). The g value for

Mn2+ ion is different as compared to the free electron
2.002319. Due to hyperfine structure, g value varies. The
different value of g may be due to interactions. There are
two types of interactinn570 which determine the magnetic
energy level that are separated by gyDHz. The first
interaction is the interaction of the spin with external
magnetic field. The other interaction 1is the hyperfine
interaction. The magnetic interactions involving the orbital
angular momentum of the unpaired electrons are the cause of
the deviation of g values from 2.002319. Since the orbital

angular momentum depend upon the chemical environment in an

atom or molecule, therefore, g values also depend on the
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chemical environment.

Peak position or g—values are affected by
temperatureba. The g—-values are given in Table XII-XVII. But
the effect of temperature is quite unusual, shift is not
constant. A broad peak is observed for Cu, but the first
peak of Mn merge into the broader Cu peak. The reason may be
that the concentration of copper 1is 20 times more as
compared to an+ concentration. The intensity of the lines
is affected by the concentration of the paramagnetic ion. As
the dopant concentration of Mn increases, the Ist peak of Mn
became praominent and at concentration (x=0.15), 1t becomes
more prominent, copper peak is diminished. The other factors
which affect the intensity are70

1) The intensity of the signal decreases with
increasing frequency.

ii) Power of applied resonance

111) Temperature (inversly proportional to temperature)

Both concentration and temperature affect the
Cu-Mn signal. Mn could be used as a probe but change in
signal shape does not correlate with resistance. Since XRD
measurements of the powdered samples before sintering are
not available, only we can say that the environment of Cu
changes. Hence the concentration of Cu giving signal

changes, either Cu2+ going to Cu3+ ar Cul+.
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SUGGESTIONS FOR FURTHER WORK

In the present study, the Mn—doped samples aof

nominal composition Y B Mn

0.3 P 54 Cu0 with dopant

x C3g.2"4%,
concentration 0 < x = 0.15 were prepared. Resistivity and
XRD measuremenlts show that these samples are multiphase

systems with transition temperature both above and below

77K .

The present study has shown the existence of a
phase for 0 < x £ 0.07 samples above 200°K. A t#&nugh study
of conditions in relation to stability of this phase 1is
required. Further the presence of low Tc phase (Tc < 77K)
even for small concentrations of Mn in the samples shows
that substitution at Ba-sites and/or Ca-sites is relatively
more critical in modifying the crystal structure than
substitution at Cul and Cu2 sites. In this regard more
elaborate x—-ray diffraction experiments are required to
throw 1light on structural changes accompanying Mn
substitution. Rdman and IR spectral data 1in the low
frequency region will also be helpful to draw conclusion
about phonon freguencies and their relationship to
structure. Moreover, it will be interesting to find the
minimum concentration of Mn dopant required 1in the host

crystal necessary for observing ESR signal at ambient and
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liquid N2 temperatures. ESR spectral studies of powder
samples will provide information about the environment of Mn
sites in the crystal lattice. Studies of magnetic properties

of the samples will also be of interest.
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TABLES AND FIGURES



TABLE - 1

SAMPLE NO.I
Preparation of YO_S(BaO‘47Hn0-03)Cu0_2Cu03_z
Heat treatment:—
STEP TEMPERATURE TIME ATMOSPHERE
A, 800°C 67 hours Air
a
B, 820°Cc 12 hours Air
(e}
300 C 7 hours
b
o
C asoC 24 hours
4 .
—rlo ~
300°C 7 hours
b
(=]
D 875 C 24 hours.
1 —do -
300°C 7 hours
b
o
E1 B890 C 24 hours
- _do-
300°C 7 hours.
b
a = Furnace cooled to room temperature, repeated

grindings.

b = Furnance cooled to room temperature.
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TABLE - 1 (B

SAMPLE NO.I B

STEP TEMPERATURE TIME ATMOSPHERE

A BOODC 67 hours N

Repeated grindings.
Furnance cooled to

room temperature
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TABLE - II
SAMPLE NO. 11

(Ba M JCa Cul

Preparation of Y 0.45 "0.05 0.2 3—z

0.3

Heat treatment:-—

STEPS TEMPERATURE TIME ATMOSPHERE
A, 800°C 67 hours Air
a
B, 850°Cc 24 hours Air
O
300°C 7 hours
c, 870°c 24 horus Air
(m]
300 °C 7 hours
b
D., 875°C 24 hours Air
(o]
300 C 7 hours
b
Es 890°C 24 hours Air
o
300°C 7 hours
b
a = Furnace cooled to room temperature’

repeated grindings.

b = Furnace cooled to room temperature.

67



TABLE - III

SAMPLE NO.III

Preparation of Y '3(8a0_43Mn0.07)Cu3_2
Heat treatment:-
STEPS TEMPERATURE TIME ATMOSPHERE
93 BOODC 67 hours Alr
a
B 850°C 24 hours Air
300C 7 hours
b
D 880°c 24 hours Air
300°C 7 hours
b

1l

Il

Furnace cooled to room temperature,

Repeated grindings

Furnace cooled to room temperature.
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TABLE - 1V
SAMPLE NO. - 1V
Preparation of Y0_3(Ba0.45r1n0.1)Ca0'2[}u[13_Z
Heat treatment:—
STEPS TEMPERATURE TIME ATMOSPHERE
A, 800°C 67 hours Air
a
B, a8s50°c 24 hours Air
300°C 7 hours
B azo°c 24 hours Air
300" C 7 hours
D4 B?SGC 24 hours Air
SOODE 7 hours
B 890°"C 24 hours Air
o
300 C 7 hours
b
a = Furnace cooled to room temperature
Repeated grindings
b = Furnace cooled to room temperature.

69



TABLE - V
SAMPLE NO. - V

Preparation of Y (B M )JCa CuD

0.3V NGBS T 0. 15" 0.2 Bz
Heat treatment:-—
STEPS TEMPERATURE TIME ATMOSPHERE
Ao 800°C 47 hours Air
B5 BﬁODC 24 hours Air
(s}
300 C 7 hours
b
E5 B?OUE 24 hours ALr
(s}
300 C 7 hours
D 890°C i 24 hours Air
o
300°C 7 hours
b
a = Furnace cooled to room temperature
Repeated grindings.
b = Furnace cooled to room temperature.
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TABLE - VI

Composition Sample Sintering Parameters Resistance Meisner Effect Test

Temp. Time Atmosphere (Sintered Pellet)

Y B MnxCaO .2Cu0

0.3°20.5-x 3-z
'1(’0’3Ba0.47Mn0 .OSCao:écuOB—z Al 800°C 24 hrs air 300-900 @ +ve
(x=0.03) Al 800°C 24 hrs N2 1-4 M Q -ve
Y0 ) 383.0 .45Mn0 . 05C30 '2Cu03__z D2 875°C 24 hrs air 300-500 @ +ve
(x=0.05) E2 880°C 24 hrs air 300-600 @ +ve
' . —
YO'3Bao.431&{:10'0,;,(3;10“,ZCuOS_Z D:3 880°C 24 hrs air 250-700 @ +ve i~
(x=0.07) D3 900°C 24 hrs air 150-600 @ +ve
Y0 .3330‘451\4110. 1OCaO.ZCu03_Z C4 870°C 24 hrs air 800-1000 @ -ve
(x=0.10) D4 875°C 24 hrs air 900-1200 @ -ve
E; 890°C 24 hrs  air >20 M@ T8
] o : - .
YG'_3133.0"351‘41n0.15(33.0.2Cu03_Z 05 880°C 24 hrs air n12-18M Q ve
(x=0.15) D; 890°C 24 hrs air >20 M@ -ve



onset(K)

88
87
87
v 95

85

3.862

3.872

3.876

3.826

3.820

3.928

3.800

3.839

3.823

3.828

3.822

3.820

3.829

3.873

TABLE - VII

b

3:874

3.885

3.876

3.867

3.790

3.882

3.882%

3.886

3.886

3.889

3.839

3.895

3.884

C

11.695

11.725

11.600

11.717

11.698

11.725

11.702

11.707

11.681

11.673

11.531

11..69

11.69

11.76

Lattice Parameters(A®) Crystal System

orthorhombic

.orthorhombic

tetragonal

orthorhombic

orthorhombic

orthorhombic

orthorhombic

orthorhombic

orthorhombic

orthorhombic
orthorhombic

orthohombic
(R.T to 710K)

orthohombic
(710K-820K)

tetragonal
(above 820K)

Composition

¥

¥5.3B20.45M0 05

-do-

¥o.3B20, 43420 o5

~do-

¥9.3820,45M7 1020 .2

-do-

Ca

0.3820.47M%0.03%2¢. 9

0.2Cu

CuO

0]

3-

3-

CaO.ZCUOB-

Yo.3P20,5%2¢,oCu05_

YBa2Cu307_6

YBaz(Cul_anx)BO

YBaz_xerCuSO

Y1/3Ba2/3CuO3

=do-

-do-

T7-x

-2

T7-6

Z

™
b~

Cu

0

3-



TABLE - VIII

’

SAMPLE NO. - A,

XRD measurements of Y0.3(Bao.47"n.OS)CaO.ZCUD3~z
ANGLE INTENSITY I/I D—-VALUE
(28) o
15.07 121 0.123 5.873
22.7468 201 0.204 3.901
27 .547 139 0.141 S Y0, 4
30.970 111 0.113 2.884
32.643 783 1 2.741
33.354 215 0.219 2.4684
38.510 206 0.210 2.335
40.280 121 0.194 2.236
43.472 9 0.100 2.07%9
446.582 184 0.187 1.248
28.175 238 0.242 1.584
68.705 170 0.173 1.364
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TABLE - IX (A)

SAMPLE NO. D.,

M JCa Cu

XRD Measurements uf Y0.3(Ba0-45 N6 .05 0.2 3y
ANGLE INTENSITY l/in D—VALUE
(28)

27 .388 130 0.245 3253
30.9225 105 0.198 2.88%9
32.493 230 1 2.753
33.271 255 0.48 2.671
38.380 170 0.321 2.342
40.160 118 0.2246 2.242
43.371 83 0.156 2.084
46 .460 138 0.260 1.953
68.480 135 0.254 1.368.
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TABLE - IX (B)

SAMPLE NO - E.,

XRD Measurements of Yo_3(Ba0_45Mn0_05)Ca0.2CuD3_Z
ANGLE INTENSITY 2 D—VALUE
(28) [s)

22.958 154 0.15% 3.870
22.675 214 0.222 3.221
31.150 158 0.164 2.868
32.715 66 i 2.735
35.916 125 0.12%9 2.498
38.677 222 0.230 2.326
40.520 191 0.198 2.224
43 .641 174 0.180 2.072
46.876 i81 0.187 1.936
58.417 257 6.266 1.578
68.783 159 0.165 1.363
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TABLE - X

(A

’

SAMPLE NO. - Dx

XRD Measurements of Y (Ba, ,-Mn, 0.2F40<_,
ANGLE INTENSITY o D-VALUE
(28)

25.614 121 0.25 3.475
22172 185 0.3B2 3.058
29.750 125 0.258 3.000
30.535 208 0.430 2.925
32.584 465 0.961 2.746
33.387 484 1 2.681
35.850 111 0.229 2.502
37.504 111 0.22%9 2.3%26
38.400 129 0.2467 2.342
40.410 113 0.233 2.230
43.497 198 0.40%9

02.435 88 0.182 1.743
56.226 111 0.229 1.634
58.310 112 0.231 1.581
60.283 83 0.171 1.534
70.300 79 0.163 1.337
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TABLE - X (B

LLd

SAMPLE NO. - Dx

XRD Measurements of Y0.3(Bao_43ﬁn0’o7)8uﬂ3_z
ANGLES INTENSITY " o D.VALUE
(29)

22.800 162 0.388 3.895
25.880 237 0.568 3.439
27.012 122 0.293 3.297
28.875 290 0.695 3.089
31.500 iio 0.264 2.837
32.812 417 1 2.727
38.775 157 0.376 2.320
40.738 76 0.182 2.212
42.864 256 0.4614 2.108
594.862 72 0.189 1.671
58.150 88 0.211 1.585
60.466 79 0.18%9 1.52%9
65.600 ?0 0.216 1.421
75.483 83 0.197 1.258
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TABLE - X1 (A
SAMPLE NO. - C,

XRD Measurements of Yo.3(530_45””o.1)530.23“03—2
ANGLE INTENSITY 1 D-VALUE
(28) =}

15.060 108 0.141 5.876
22.775 28 0.128 3.900
25.686 130 0.170 3.465
27 .462 250 0.327 3.245
29.175 155 0.203 3.008
30.875 223 0.292 2.893
32.583 765 1 2.746
33.385 435 0.96% 2.68B1
35.746 115 0.150 2.496
38.375 198 0.25% 2.343
41.816 128 0.167 2.158
43.500 148 0.220 2.078
45.310 83 0.108 1.999
46.462 130 0.170 1.253
98.366 185 0.242 1.579
52.352 78 0.128 1.487
66.352 29 0.124 1.398
77 .220 80 0.1045 1.234
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TABLE - x1 (B
SAMPLE NO. - D,

XRD Measurements of Y 3(Ba Mn JCa CuD

0. 0.45 0.1 0.2 3=Z
ANGLE INTENSITY I/I e D.VALUE
(28)
15.11 105 0.125 5.857
22.8095 128 0.152 3.895
25.666 ?5 0.113 3.468
27 .466 265 0.314 3.244
28.720 115 0.136 3.105
29.208 220 J 0.261 3.055
29.958 80 0.025 2.780
30.951 230 0.273 2.886
32.628 843 1 2.742
33.393 518 0.614 2.681
38.507 198 0.235 2330
40.476 128 0.152 2.226
43.9525 178 0.211 2.077
46.528 208 0.247 1.950
53.480 120 0.142 L.711
o8.414 235 0.279 1.578
62.364 125 0.148 1.487
68.652 113 0.134 1.3465
70.315 103 0.122 1.337
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SAMPLE - TABLE - XII C(A)

g values of Eusq‘ + Dil'HCthl

0.1M

g = 2.16028364

SAMPLE TABLE - XII (B

Sample
g values of MnCo., + Dil.HC1

3 (6M)
0.01M

C
g = 6748.941963

H
1. 2.15464628
2. 2.08920029
3. 2.0336425
4. 1.95975
S. 1.9201441
O. 1.866463
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TABLE - XIII

81

g values of Y0.3(Bao.47”"0.03’an.2C”03—z
Sintering B Sintering -
Sintering & Temp = 800 C Temp = B50 C| Sintering & Sintering -
Tmep = 800 g Airatmaspherg Air Temp = 875 g Temp = 820 &i
6741512406 6748.227184| 6748.941963| _6748.941963 _6748.941965[
g —|g g= = Eli i Sidiires
H H H H H
eenc 1
2.167374 2.170155 2.162173 2.169778 2.1695269
2.053812 2.089376 2.085504 2.096127 2.090B02
e ——— g i
2.0246846 2.029292 2.028976 2.025465% 2.022331
1.27024% 1.974320 1.973848 1.973361 1.9691264
1.9215242 1.9208074 1.923137 1.927671 1.9215680
1.863223 1.863899 1.863648 1.872122 1.863645
hv
c = —
B



TABLE - XIV

g values of YO.3(Ba0.45Hn0.05)CaO.2EUU3*z
SinteringD Sinteromgu Sinteringu
temp = B50 C temp = 875 C temp = 890 C
_ 6747.512406 _ 6747.512406 _ 6747.512406

H H H
2.159826 2.178887 2.157240
2.09035%9 2.093701 2.09035%
2.035228 2.043654 2.031881
1.9781741 1.986128 1.970284
1.925726 1.92913% 1.9219737
1.8703086 1.875992 1.864659

1
hv

C=B—
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TABLE - XV

g values of YO.S{BaO.43Mn0.O7jcaO.ZEUDS—Z
SinteringD Heating Firing =
temp = 850°C temp = 870°C temp = 880°C

64
_ 6748.227184° _ 6748.227184° _ 6748.227184
H A H
2.161944 2.152524 2.160062
2.095898 2.078264 2.088808
2.031268 2.025430 2.035449
1.9831453 1.973639 1.981556
1.925929 1.919941 1.922928
1.8733419 1.867675 1.867680
hv
CcC = —
B
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TABLE - XVI

Y (B M )Ca CuD

0.3'%%0. 45 0.1 0. 2" 5=z
s.T = 850°C .

g*hv_ 6.626%x10 “x9.44x107 Sintering & Sintering &
73H S S tempg= 875°C tempg= 890°c
_ 6747 .512406 _ 6748.941963 _ 6748.941963

N H H H
2.156058 2.150879 2.154628
2.090359 2.0890289 2.090802
2.026877 2.027306 2.025645
1.973430 1.9691257 1.972273
1.919737 1.918654 1.920144
1.859044 1.866463 1.866463
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g values of YO

(B

TABLE - XVII

M

90.35 "0.15

) CaUZCuD

S—Z

Sinteringo
temp = B50°C

_ 6748.941963 ¢

Sintering

temp = 880°C

_ 6748.941963 €

Sintering

temp = B?ODC

Cc
. 6748.941963

H H H
2.197300 2.2066038 B 2.200704
2.152800 2.14900%9 2.147142 &
2.085504 2.080233 2.081971 R
2.0179021 2.030643 2.022331 _
1.975425 1.973848 1.955425
1.9184%0 1.9215480 1.218654
1.867873 1.862239 1.863643
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Contacts for the four-probemethod

Out put M- Ref:

O O
CELL AMMETER R.B. _@

W.E=Working Electrode , R.E=Ref.Electrode, AE=Auxiliary Electrode

M.Ref:=Measuring Ref:, R.B=Resistance Box, V=\Volitmeter

Cell containing four leads. . © FIG. 3.1
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Sample. Field Intensity = 3370G
CuS0,+dil.HC1 Sweep width % $500GC
Sweep time = 2 sec.
(0.1M) Mod width = 6.3 G
Amplitude = 1.2541000
Response time = 0.lsec.
Frequency = 9.44GHz

PIG.: 4.l1
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Sample.

Field Intensity

33706

Sweep width = £500G
MnCOB+dil.HCI Sweep time = 2 sec.
Mod width = 6.3G
(0:.01M) Amplitude = 1.6x1000
Response time = 0.1 sec.
Frequency = 9.44GHz
FIG. 4.12
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Sample Field Intensity = 3340
YO'38a0.47Mn0.030a0.20u03_Z Sweep width = +*500G
Heating temperature Sweep Tine = B see.

= 800°C Mod width = 6.3G
Atmosphere = N2 Amplitude = 4x100

Response time 0.1 seec.

Frequency 9.44GHz

FIG. 4.13-A
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Sample

Y0.3%%0.47M10,03%%0.2%%0%3_, Field Intensity = 3350G
Tenp.=820°C Sweep width = 500G
Sweep time = 2 sec.
Mod width = 6.3G
Amplitude = 2.5x100
f Response time = 0.1 sec.

Frequency 9.44GHz

FIG. 4.13-B

I

Heating Temp. = 850°C . Field Intensity 3370

a

FIG. 4.13-C

a: same as above
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Sample.

Field Intensity = 33706
Y. 3Bag 47M0g 03C20.20u03 5
Heating Temp. = 875°C Sweep width = + 500G
Sweep time = 2 sec.
Mod width = 6.3G
Amplitude = 2.5x100
Response time 0.1 sec.

o

Frequency 9.44GHz

FIG. 4.13-D

FIG. 4.13-E

b: same as above
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Sample.

Field Intensity = 33706
Y9.3 05535 9Cu0,_ Sweep width = + 500
Sweep time = 2 sec.
= 850°C
Mod width 6.306

Amplitude

FIG. 4.14-A

FIG. 4.14-B

FIG. 4.14-C

110 c: same as above
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Temp.
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d:

same as above




Field Intensity = 3370G
Sweep width = +500G
Sweep time = 2 sec.
Mod width = 6.3G
AmpAitude = 10x100
onse (tli = 0.1 sec.

9.44GHz

4.16-A

Temp. 5°2C e
FIG. 4.16-B
Temp. 890°C e

FIG. 4.16-C
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e: same as above



Sample Amplitude = 1.25x100(
e

ating Temp.

FIG. 4.17-A

/

FIG. 4.17-B

y

Temp. = 890°C

£
FIG. 4.17-C

e: same as in Fig.4,16-A
113 f: same as above.
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