
NMR STUDY IN SOME TERNARY

INTERMETALLIC COMPOUNDS

by

Rajib Sarkar

a thesis submitted for the degree of

Doctor of Philosophy(Science)

of the

JADAVPUR UNIVERSITY

by

RAJIB SARKAR

Saha Institute of Nuclear Physics

Kolkata -700064

2008



Contents

List of Publication iii

Abstract v

Acknowledgments viii

Contents x

List of Tables xiv

List of Figures xv

Preface xx

1 NMR BASICS 1

1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 The Zeeman Interaction . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.3 Hyperfine Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.3.1 Magnetic Interaction . . . . . . . . . . . . . . . . . . . . . . . 3

1.3.1.1 The Fermi contact term . . . . . . . . . . . . . . . . 4

1.3.1.2 Dipolar contribution . . . . . . . . . . . . . . . . . . 5

1.3.1.3 Orbital contribution . . . . . . . . . . . . . . . . . . 6

1.3.1.4 Shift of f-electron compound . . . . . . . . . . . . . . 7

1.3.1.5 Contribution to the susceptibility χ and the Knight

Shift (K) . . . . . . . . . . . . . . . . . . . . . . . . 9

1.3.1.6 Complete Knight shift tensor . . . . . . . . . . . . . 10

1.3.2 Quadrupolar Interaction . . . . . . . . . . . . . . . . . . . . . 11

1.3.2.1 The Nuclear Electric Quadrupole Hamiltonian . . . . 12

1.3.2.2 Matrix Elements of the Quadrupole Hamiltonian HQ 14

1.3.2.3 Description of Electric Field Gradients . . . . . . . . 15

x



1.3.2.4 General expression of the spectral transition consid-

ering second order quadrupole interaction in the high

field case: . . . . . . . . . . . . . . . . . . . . . . . . 16

1.3.3 The Second-Order Nuclear Quadrupole Interaction in solids with

Symmetric and Asymmetric Field Gradient: . . . . . . . . . . 19

1.4 Transferred Hyperfine Effects . . . . . . . . . . . . . . . . . . . . . . 20

1.5 Nuclear Spin-lattice Relaxation . . . . . . . . . . . . . . . . . . . . . 23

1.5.0.1 Magnetic spin-lattice relaxation mechanism: . . . . . 25

1.5.1 Magnetic spin-lattice relaxation rates . . . . . . . . . . . . . . 29

1.5.1.1 Magnetic relaxation for I = 5/2 . . . . . . . . . . . . 30

1.5.1.2 Magnetic Relaxation for spin I=1/2 . . . . . . . . . . 30

1.5.1.3 Magnetic Relaxation for spin I=3/2 . . . . . . . . . . 31

1.5.1.4 Magnetic Relaxation for spin I=7/2 . . . . . . . . . . 31

2 Rare earth based ternary intermetallic compound 36

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

2.2 Preparation method . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

2.3 Different rare-earth based ternary intermetallic compound . . . . . . 38

2.4 R-Ni-Al system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

3 Theory 47

3.1 Strongly Correlated Electron Systems . . . . . . . . . . . . . . . . . . 47

3.1.1 Kondo Effect . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

3.1.1.1 Kondo impurities in a metal . . . . . . . . . . . . . . 48

3.1.1.2 Anderson and Kondo model . . . . . . . . . . . . . . 48

3.1.1.3 High Temperature Behaviour . . . . . . . . . . . . . 49

3.1.1.4 Multiple impurities . . . . . . . . . . . . . . . . . . . 51

3.1.1.5 Kondo lattice . . . . . . . . . . . . . . . . . . . . . . 52

3.1.2 RKKY interaction . . . . . . . . . . . . . . . . . . . . . . . . 52

3.1.3 Heavy Fermion Systems . . . . . . . . . . . . . . . . . . . . . 54

3.2 Crystal Electric Field . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

3.2.1 Parameter convention for crystal field . . . . . . . . . . . . . . 56

3.2.2 Stevens operator-equivalent notation . . . . . . . . . . . . . . 59

4 Experimental 65

4.1 Experimental consideration . . . . . . . . . . . . . . . . . . . . . . . 65

4.1.1 Preparation of samples . . . . . . . . . . . . . . . . . . . . . . 65

xi



4.1.2 XRD studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

4.1.3 SQUID magnetometer: magnetization measurement . . . . . . 66

4.1.4 NMR measurement . . . . . . . . . . . . . . . . . . . . . . . . 69

4.1.4.1 NMR spectrometer . . . . . . . . . . . . . . . . . . . 69

4.1.4.2 NMR experimental technique . . . . . . . . . . . . . 72

4.2 Alignment of the sample . . . . . . . . . . . . . . . . . . . . . . . . . 73

4.2.1 Why alignment is necessary? . . . . . . . . . . . . . . . . . . . 73

4.2.2 Requisites of the alignment . . . . . . . . . . . . . . . . . . . 75

4.2.3 Two types of alignment method . . . . . . . . . . . . . . . . . 76

4.2.4 Alignment technique with specific system: CeNi2Al5 and CeCoAl4 76

4.2.4.1 Effect of alignment on the 59Co NMR spectra . . . . 77

4.2.4.2 Effect of alignment on the 27Al NMR spectra . . . . 80

5 Experimental Investigation of RNi2Al5(R=La, Ce, Pr) 82

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

5.1.1 Crystal structure . . . . . . . . . . . . . . . . . . . . . . . . . 82

5.1.2 Physical properties of CeNi2Al5 . . . . . . . . . . . . . . . . . 83

5.2 NMR measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

5.2.0.1 27Al NMR in CeNi2Al5 . . . . . . . . . . . . . . . . . 87

5.2.0.2 27Al NMR in LaNi2Al5 . . . . . . . . . . . . . . . . . 91

5.2.0.3 Shift and the Hyperfine field . . . . . . . . . . . . . . 93

5.2.0.4 Nuclear spin-lattice relaxation . . . . . . . . . . . . . 93

5.2.0.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . 101

5.2.1 Physical properties of PrNi2Al5 . . . . . . . . . . . . . . . . . 102

5.2.2 27Al NMR in PrNi2Al5 . . . . . . . . . . . . . . . . . . . . . . 104

5.2.2.1 27Al NMR Knight shift in PrNi2Al5 . . . . . . . . . . 106

5.2.2.2 Magnetic Susceptibility . . . . . . . . . . . . . . . . 109

5.2.2.3 Crystal Field Analysis . . . . . . . . . . . . . . . . . 110

5.2.2.4 27Al spin-lattice relaxation for PrNi2Al5 . . . . . . . 114

5.2.2.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . 116

6 Experimental Investigation of CeCoAl4 122

6.1 Introduction: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122

6.1.1 Crystal structure . . . . . . . . . . . . . . . . . . . . . . . . . 123

6.1.2 Sample Preparation and Characterization: . . . . . . . . . . . 123

6.2 NMR measurement: . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

xii



6.2.1 59Co NMR in CeCoAl4 . . . . . . . . . . . . . . . . . . . . . . 125

6.2.2 27Al NMR in CeCoAl4 . . . . . . . . . . . . . . . . . . . . . . 127

6.2.3 Shift and the Hyperfine field . . . . . . . . . . . . . . . . . . . 130

6.2.4 27Al spin-lattice relaxation for CeCoAl4 . . . . . . . . . . . . . 132

6.2.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

7 Conclusion 137

A Appendices 140

A.0.6 Matrix element of the Quadrupole Hamiltonian . . . . . . . . 140

A.0.7 First order perturbation calculation . . . . . . . . . . . . . . . 141

A.0.8 Second order perturbation calculation . . . . . . . . . . . . . . 141

A.0.9 Magnetic Relaxation for spin I=5/2 . . . . . . . . . . . . . . . 142

A.0.10 Magnetic Relaxation for spin I=1/2 . . . . . . . . . . . . . . . 148

A.0.11 Magnetic Relaxation for spin I=3/2 . . . . . . . . . . . . . . . 149

A.0.12 Magnetic Relaxation for spin I=7/2 . . . . . . . . . . . . . . . 149

B Appendices 151

B.1 Dipolar shift calculation . . . . . . . . . . . . . . . . . . . . . . . . . 151

C Appendices 155

C.1 Programme for the CEF parameter calculation . . . . . . . . . . . . . 155

xiii


