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Abstract

Researchers have been fascinated towards the discovery of materials with interesting
properties with broad range applications. Discovery of high 7, cuprate superconductors is
considered as one of the biggest achievements of the last century. Manifestation of
superconductivity in various different kinds of materials such as metallic elements, alloys,
intermetallic compounds, organics, oxides, borides, pnictides, magnetic materials etc.
demonstrates that the phenomenon could show up in most unfavorable materials like oxides
and fluorides. Mostly the efforts have been made to improve the 7, but equally important
aspects are to improve the critical current density, decrease the H., anisotropy and find a
superconductor that is easy and cheap to synthesize and can be drawn to wires. After the
exciting period of high T, oxide and Fe—based layered pnictide superconductors, rare—earth
based bismuth chalcogenides have gained vast attention. In this thesis we present our efforts

to design and investigate new BiS,—based superconducting and magnetic materials.

Substitution of divalent Sr at the Eu-sites in Eu3;Bi,S4F4: Eu,SrBi;S4F4 and EuSr;Bi;S4F4, has
led to the synthesis of new 3244—type phases. Effects of chemical substitution brought about
by Sr on the superconducting and magnetic properties of Eu;Bi,S4F4 have been investigated.
Their structural studies have been carried out in detail. Eu,SrBir,S4F4 is an intrinsic
superconductor (7, = 0.79 K). An interesting structural feature of Eu,SrBi,S4F4 and
EuSr,Bi;S4F, is that there are two Eu-sites: Eu(1) and Eu(2); Eu(1) has two Eu—atoms in
nearly divalent state and Eu(2) has one Eu-atom in strongly mixed valence. Precise
information about the mixed valence states of Eu has been investigated by '>'Eu Méossbauer

spectroscopy, XPS studies and magnetic measurements.

We have studied Se—substituted Eu,SrBi;S4.<SexF4 and EuSr;Bi;S4,SexF4 (x = 0.5, 1, 1.5 and

2). We have been able to induce superconductivity in EuSr,Bi,S4F4 by Se—substitution at the



S—site (isovalent substitution) with 7, = 2.9 K in EuSr;Bi,S,;Se,;F4. The other compound
Eu,SrBi;S4F4 shows a significant enhancement of 7. In Se—substituted Eu,SrBiSs«SexFa,
we find 7.,= 2.6 K forx= 1.5 and 7, = 2.8 K for x = 2 whereas 7.= 0.79 K in the Se—free
sample. Besides superconductivity, an important effect associated with Se—substitution is that
it gives rise to remarkable changes of the Eu valence. For both the compounds 'Eu
Mossbauer and X-ray photoemission spectroscopic measurements show changes in the Eu

valence on Se—substitution.

The next site substitution has been carried out by doping Pb at Bi-sites in Eu;Bi;S4Fs.
Compositions of the type Eu;Bi, PbiS4F4 (x = 0.25, 0.5, 0.75 and 1) have been synthesized
and the shrink in lattice volume suggets incorporation of Pb in the lattice. All the compounds
crystallize in the well known tetragonal 3244-type structure (space group: [4/mmm). Pb—
substitution at Bi-sites is a case of aliovalent substitution. A striking feature due to Pb—
substitution is Pb (x = 0.25) in the system suppresses superconductivity and becomes highly
insulating. Magetic measurements suggest presence of mixed valent Eu as a function of Pb—

substitution.

We have investigated the effect of external pressure on magnetization measurements of
Bi0Oy 75F025BiS,. It crystallizes in tetragonal CeOBiS,—type structure (S. G.: P4/nmm). Our
studies suggest improved superconducting properties in polycrystalline samples of
BiOg 75F025FBiS,. T, in our sample is 5.3 K, at ambient pressure, which is a marginal but
definite enhancement over 7, reported earlier (7. = 5.1 K). Both H.; and H,.; from the M—H
curve decrease under external pressure P (0 < P < 1 GPa). We observe a decrease in critical

current density commensurate with decreasing transition temperature on applying pressure.

We have synthesized a new crystallographically ordered quaternary Heusler alloy,

MnNiCuSb. The crystal structure of the alloy has been determined by Rietveld refinement of



the powder X-ray diffraction data. This alloy crystallizes in the LiMgPdSb—type structure

with F43m space group. MnNiCuSb is a ferromagnet with a high 7¢ ~ 690K and magnetic
moment of 3.85up/f.u. We have also studied two other off—stoichiometric compositions; one
Cu rich and other Ni rich (MnNig9Cu; ;Sb and MnNi,; ;Cu9Sb) which are also ferromagnets.
It must be stressed that MnNiCuSb is one of the very few known quaternary Heusler alloys

without Fe, with 1: 1: 1: 1 composition.



HY

faeqe ToT a2t & (0T & WY feeraed Al i @ier & fav it MR
€l 3Ta T. cuprate Foehsded T Wiel ol ey I Fod T8 Iuclisual &
q U AT S g1 Afdest ghR & am@faat @ sifdadesreiioar Sa f& arg dea,
@, gexi@dfes Aifawl, Eifaea, rrarss, aREsy, Aacssy, e qa
3nfe Hr AfAcafad gar & & 5@ gear a1 3ifFarss 3R FaREs S 9w gfdsd
QAT H @ S Gehell &1 3R T 1 R & faT gamd e 1w § it
AT ® ¥ Hecdqul ¢ critical current density H FUR, Hep UiAICAT ®H it
3R TS TH RE GehsFX HT Wl Sl HANT el o AT 3mareT 3R a&ar g
IR art & forw IR fRar ST @har g1 3T T, ass i ATe A & dG
Fe 3mmd TR Aeecrss guehseed, rare earth MR fSEAY chalcogenides
faemer eareT wre fohar §1 36 MY A §H U YA B TEA A § AU BiSe
MR ReplesiFea 3R daehra Graall &t f3eirger 3R S|

EusBi;S4F4 H Eu-Trsed WX f3deic Sr & wfaTamasT: EusBiSsFs, EuaSrBizSsFs
JAT EuSBizS4F4 AT 3244-9ahR & ATHIT T WIS & $PROT & TS ITaEAgeT
& 9T & SR H oAl EusBiS4Fy & FuRehistercer AR eehr IO W Sr ganT

ST Fr IS §l 3A% GIATCHS FEITT I [AEaR & fFar =1 §1 EunSrBioSsF 4

Teh RS § oRehsFeX (Te = 0.79 K)| EupSrBirS4F4 T Teh feraed dxaeicas
gfaer 3R EuSrBi,S4F4 JE & fob ar Eu @rsd & Eu(1) 3R Eu(2); Eu(l) & ar
Eu-SRATY] gl g oerstT divalent state 3R Eu(2) & Teh Eu-9A] § ST strongly

mixed valence state & g1 Eu & mixed valence state & IR & IR °'Eu



Méssbauer Spectroscopy, XPS 31eTdel 3R deehla AT &dRT ST 6T 37 1 gHa
Se-UfaEARIT EusSIBizSsxSexFs 3R EUSHBiLSiSeFs (x= 0.5, 1, 1.5 3K 2)]
A EuSrBiSFy & S-Eec #H Se-ufayds (Hgadf Ufaedded) arT
FRHSTFCTAL H 3cveet ot 7 TEHA W@ EuSrBirS:SeFs # Te= 2.9 K & &1
3 AfAF EuSrBizSsFs Te & Th HAgeaqul gfg &l aefidr g1 Se-wfaedmia
EusSrBisSs.SeFs H 87 x= 1.5 & T Te= 2.6 K 3R x= 2 & faw T.= 2.8 K
Sidfeh Se HeFd AR A Te= 0.79 K & A1 fAed &1 GoRPlesFITA & el
Se-9faeuTel & 53 Ush Hgeaqul Yemd Jg ¢ o $8d Eu & valence # 3ea@aily
gRade & Thd &1 ar JifA & faw °'Eu Méssbauer 31X X-ray Photoemission
Spectroscopy ATYT Se-Ufa¥amdsl ¥ I Eu & valence IRad«T @ g

39T site ITAEATIA EusBiSsF4 # Bi-H18¢ TR Pb ST ganr foram aram g1 fafdiest
EusBioxPbyS4Fs (x= 0.25, 0.5, 0.75 3R 1) Fr TIIAT3MT I TI™d har =T §
3R lattice volume # f&13, lattice & Pb & f9eT I enfder ok &1 Tl Iifarent
gfig Tetragonal 3244-YR TITAT (space group: l4/mmm) H Thiesh +Y| Bi
d3C W Pb 9faedmde aliovalent IfaEUTds T Teh ATHeT gl Pb Ifaedde Yormelr
# Pb (x= 0.25) RehsTFeider &l galeh 3N faqdrgs & Siiar g1 Hies AdeT o
Pb- Sfreenfia a3t & Eu i fAfa e 1 saRufy &1 germe R &

g A WUT AT IR STl ga1d & TG T o Hr g BiOg75F0.25BiS2 1 TE

tetragonal CeOBiS,-YR TG (space group.. P4/nmm) H TIfed gl AR

eITAT H polycrystalline BiOg.75F0.25FBiS, Al H 3oeld FuRhsFCI UM T

gea g1 AR F=1 # Tc 5.3 K, 9RAY & gard # §, St Teh T # WA Afehe



Tge @1 (Te= 5.1 K) fafRad afg &1 M-H & & Hee 31X Hey a6l gam@ P (0 <

P <1 GPa) & d&d &l ¢ 10| g &ard 9] e 9T critical current density

# et g critical temperature & FHHEY W AT gl

§HA Teh AT foheealamhr shasg Iquifdra Heusler fAsr g &1 dRelfd fovar

€, MnNiCuSb| &% e1q & fohecel TXTT &I Hediche Rietveld GarRT et fohar

AT § UBSsY THEY fddce ser ¥g A Ut LiMgPdSb-YeR T EEer #
fshecelih 8t & F-43m space group & & MNNiCuSb T 3=d T~ 690 K
3R 3.85 ps/f.u. TIhT Hed & AU Ush BIHATAC ¢ §A & g RRAARH
AT T 8 3reTaeT fhar §; T Cu rich 3R 3= Ni rich (MnNigoCu1.1Sb 3iR
MnNi1.1CugsSb) ST 8 TRIFIT &l Ig SR fgar S @1few f& MNNICuSb sga
A AT 9T Fe & Tquide Heusler 3T & @ T &, 1: 1: 1: 1 Ew= & @TY|
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Experimental (data points) and simulated (continuous lines)
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Figure 3.13

Figure 3.14

Figure 3.15

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

11Eu Mossbauer spectra of EuSr2Bi,SsF4 and EuSr2Bi»S,SesF4

at 78 K.

Experimental (data points) and simulated (continuous lines)
IEu Mossbauer spectra of EuzSrBi>SsSeFs, EuzSrBizS25Se1 5F4

and Eu,SrBi2S,SezF4 at 78 K.

XPS core—level spectra of Eu (3d) in EuSr2Bi>SsxSexFa (x =0

and 2) at 300 K.

XPS core—level spectra of Eu (3d) in EuxSrBi2SsxSexFs (x =0

and 1.5) at 300 K.

Powder X-ray diffraction patterns of EuzBi>-xPbxSaF4 (X = 0.25,

0.5,0.75 and 1.0).

Decrease in lattice volume of Pb—substituted EuzBi2S4F 4.

Energy dispersive analysis by X—ray (EDX) for EusBi»-
xPbxSaF4 (x = 0.25, 0.5, 0.75 and 1.0). Insets show the electron
micrographs of the samples on which the elemental analysis

were performed.

Variable temperature resistivity plots for EusBi>-xPbxSaF4 (X =

0.5) in temperature range 50-300 K.

DC susceptibility and inverse susceptibility curves in zero field
cooled (ZFC) condition in the temperature range 2—300 K for

EusBi1.75Pbo.25S4F4. The inset shows low temperature AFM
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Figure 4.6

Figure 4.7

Figure 4.8

Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4

ordering at ~ 2.3 K for Eu?* spins.

DC susceptibility and inverse susceptibility curves in zero field
cooled (ZFC) condition in the temperature range 2—300 K for

EuzBi15PbosSaFs.

DC susceptibility and inverse susceptibility curves in zero field
cooled (ZFC) condition in the temperature range 2—300 K for

EusBi1 25Pbo.75S4F 4.

DC susceptibility and inverse susceptibility curves in zero field
cooled (ZFC) condition in the temperature range 2—300 K for

EusBiPbSsF.

(a) Rietveld refinement studies of BiOg.75F0.25BiS> at room

temperature(left) and (b) crystal structure of BiOg.75F0.25BiS:

(right).

EDAX analyses for BiOo.7sF0.25BiS2 showing presence of all
elements. Inset shows the SEM micrograph of the same sample

and the highlighted regions, at which the data were collected.

Resistivity vs temperature (p—T) behavior of BiOo.75F0.25BiSz in
zero applied field. The inset shows the criterion of obtaining T

onset.

Temperature dependence of electrical resistivity of
BiOo.75F0.25BiS: in several applied external magnetic fields in

the superconducting region. The inset shows temperature
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Figure 5.5

Figure 5.6

Figure 5.7

Figure 5.8

Figure 5.9

Figure 6.1

Figure 6.2

dependence of upper critical field.

The magnetic field (H) dependence of the activation energy
(Uo/ks). Inset shows Arrhenius plot of BiOg.75F0.25BiS> at low

temperature.

Temperature dependent DC magnetization measured at ambient
pressure in the FC and ZFC modes for BiOo.75F0.25BiS> at 20 Oe

field.

Pressure dependence of DC magnetization as function of
varying temperature at 20 Oe. Inset shows the decrease in T¢ on

applying external pressure.

Pressure dependence of isothermal magnetization as a function
of applied magnetic field 1500 Oe at 2.5 K. M+ and M. are
respective value of magnetization at a given field H. M+—M. is a

measure of critical current at a field H and at pressure P.

Magnetic field dependence of critical current density (Jc)
measured at 2.5 K under the presence of applied pressures 0 < P

<0.94 GPa.

Schematic view of the L21 structure.

Rietveld refinement of powder X—ray diffraction pattern of
MnNi1-xCu1+Sb (x = 0.1, 0 and -0.1). Inset shows the crystal
structure of MnNiCuShb. Yellow, green, red and blue balls

correspond to Sb, Mn, Ni and Cu atoms respectively.
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Figure 6.3

Figure 6.4

Figure 6.5

Figure 6.6

(a) Magnified FESEM image of various grains and mapping
result of the rectangular area in red confirms presence of all
four elements. (b) FESEM EDS analysis of MnNiCuSb shows

the presence of Mn, Ni, Cu and Sb.

Simulated patterns for MnNiCuZ (Z = In, Sn, Sb) with Cu
entering 4c site, 4b site and with Cu (4c)-Mn (4b) disordered

structure.

Variable temperature magnetization plots for MnNi1-xCu1+xSb

(x=0.1,0and -0.1).

Isothermal magnetization of MnNi1xCu1+xSb (x = 0.1, 0 and -

0.1) at 5 K. Inset show the zoomed magnetization cycle.
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