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� Search for new superconductors: Methodology.

� La-Si-C. NEW SC?

� Other systems: AlB and LaFe Si

Outline

� Other systems: AlB 2 and LaFe 2Si2

� Summary
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� FAST WAY TO DISCARD
NON SUPERCONDUCTORS

HOW TO LOOK FOR SOMETHING WHEN 
THERE ARE NO CLUES. ??
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NON SUPERCONDUCTORS

� INSTEAD OF FINDING
SUPERCONDUCTORS



METHODOLOGY
1.- SAMPLE PREPARATION:

INHOMOGENEOUS SAMPLES
Thin Films: Phase Spread Alloys
Bulk: Arc-Melting
High Pressure-High Temp
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2.- FAST AND VERY SENSITIVE 
DETECTION METHODS:

Magnetic Field Modulated 
Microwave Absorption.



SiC 

La  Si

Phase Spread Alloy

Gd1-xPrxBa2Cu3O7-dddd

2

3

x=0.43

x=0.46

 

 

r(
30

0 
K

)

6

La  Si 
SiC 

Continuously varying 
composition 
��� � wide range of 
stoichiometries

M. R. Beasley, T. H. Geballe , Stanford University.
R. H. Hammond, IEEE Trans. Mag., 201 (1975) 20 40 60 80 100 120 140

0

1

x=0.18

x=0.28

x=0.32

r(
T

)/
r

T (K)

D. Lederman, T. J. Moran, J. Hasen, and Ivan K. Schuller.
Appl. Phys. Lett. 63 (1993)



Lower Piston

HIGH PRESSURE_HIGH TEMPERATURE
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AlAl 22OO3 3 insulatorinsulator

Graphite furnaceGraphite furnace
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Magnetic Field Modulated 
Microwave Absorption Technique

Microwave
in and out Electron -Spin Resonance Spectrometer 

Motivation: Ability to detect superconductivity in 
inhomogeneous samples, e.g. phase spread 

alloys, in a fast and very sensitive way.

Sample

H

TE102 resonant cavity

10-12 cm3

Demonstrated

Electron -Spin Resonance Spectrometer 
(Microwave Frequency = 9.5 GHz X-band)

External DC Magnetic Field
H = 10 Oe 

5-20 Oe at 100 kHz
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FAST AND 
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������ 30 min. with 0.1 K step
� 1 branch, either cooling or heating
� 30 liters LHe per week
� Fast sample exchange, any T
� No contacts

� 90 min. with 5 K step
� 2 branches ZFC-FC
� 70 liters LHe per week
� Slower sample exchange
� No contacts

MFMMS SQUID
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System for detecting very small volumes of 
superconducting material with better 

sensitivity and more efficient than SQUID



EXPERIENCE BEYOND PHYSICS:
INSTRUCTIONS FOR BIG PURCHASES

+3 pages 12



High Tc Systems
� Anisotropic complex – layered compounds
� Light elements (B, C, O, F, Na, N, S, Cl, Si etc.)
� Proximity to insulating phase (magnetic or 

charge-ordered)
� Resistivity in the � 200 mWcm, linear
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� Resistivity in the � 200 mWcm, linear



General System Re 5Si3

Lattice parameters and Magnetic T for Re 5Si3 compounds

Compound Structure type a (Å) c (Å)
Magnetic Transition 

Temp. (K)

La5Si3 Cr5B3 (tetragonal) 7.965 14.149 -

Ce5Si3 Cr5B3 7.866 13.783 10 AF

Pr5Si3 Cr5B3 7.812 13.772 47 AF
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Pr5Si3 Cr5B3 7.812 13.772 47 AF

Nd5Si3 Cr5B3 7.750 13.780 115 AF

Sm5Si3 Mn5Si3 (hexagonal) 8.599 6.503 78 HM

Gd5Si3 Mn5Si3 8.516 6.432 78 HM

Tb5Si3 Mn5Si3 8.463 6.354 69 HM

Yb5Si3 Mn5Si3 8.258 6.239 -

Lu5Si3 Mn5Si3 8.190 6.113 -

Y5Si3 Mn5Si3 8.423 6.354 -



La5Si3 La-Si System.

La5Si4
La2C3
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Superconductivity

LaSi2 - 2.3 K
La3Si2 - 2.1 K 
La5Si3 - 1.6 KC Doping ? 

La Si

La3Si2

La5Si3
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Si, at%
La Si
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FIRST SCREENING MFMMS

La5Si3 + C

La-Si System (arc-melting)
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SUPERCONDUCTIVITY
La-Si System (arc-melting)
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Rietveld Refinement

La2C3
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 I(obs)-I(calc)

BM11, APS ANL
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 Sample 

Phase 1 2 3 4 

La5Si3 - - 97.95 99.73 

La3Si2 95.7 63.26 0.89 0.11 

La5Si4 4.3 13.20 0.48 0.15 

La2C3 - 23.50� 0.67 - 

La b b b b  - - - 0.01 

La5Si3

La5Si4
La3Si2

1 2 3 4 5 6 7 8

Q (
�‡-1)
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The AlB 2 Mystery

Al0.67B2 (intended composition) ~ MgB2

• Phase Spread Alloy
• Arc-Melting
• HP-HT (60 Kbar, 1000 � C, 30 minutes). SURPRISE!

2.0x10-4
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• BaFe2As2 (ThCr2Si2 structure) representative of the “122” pnictide SC. 
Tc = 38 K  when doped with K. (Rotter, M. Et al. Phys. Rev. Lett. 2008)

LaFe2Si2 system

• LaFe2As2 same crystal structure. Doping with elements 2 nd row? 

21



LaFe2Si2  system
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84 Former Group members (http://ischuller.ucsd.edu/ ):
• 16 working at USA Universities
• 16 working in USA Companies
• 12 working in European Universities
• 12 working in Laboratories
• 11 working in companies outside USA
• 6 working in Universities of Asia
• 4 working in Universities of South America, 



Conclusions
•Methodology for search for new SC.

•La-Si-C system, possible new SC . Identified as La2C3.

•Trying to solve the AlB 2 mystery

• Current work in others RE5Si3 compounds; La1-xBaxFe2Si2

•Checks are essential! Be skeptical.

IKS rule: “New effects: Nothing resemblesa new effect more than a mistake. So
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IKS rule: “New effects: Nothing resemblesa new effect more than a mistake. So
if you make a big discovery, go back check how this could have gone wrong
before making a fool of yourself.”
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