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Hi ghl i ghts of ongoing work at TIFR

1. Brief recap. on the characteristics of magnetic Rare Earth (RE) elements,
with specialfocuson Samarium .

2. A glance through investigationsin admixed RE alloys belonging to the
ferromagnetic series and imbibing magnetic compensation feature in
1960s,1970and 1980s.

3. Contemporary interestin alloysat0 z emmaog n e t i ftagchiametny. o

4. Elucidation of notion of the ExchangeBias field in compensatedadmixed
RE basedmagnets,alongwith other interesting features

5. Identification of selfcompensationin pristine Sm magnets via fingerprint
of an ExchangeBias.

6. Synthesisof materials useful for Spintronics at ambient temperatures

7. Discovery of novel Repeated Magnetic Compensation behavior in the
admixed rare earth inter-metallics.
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Magnetic Rare Earth Elements: 580




The ground state properties of the magnetic rare earth ions
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Spini Orbit coupling prevails and L - orbital angular momentum,
the ground state is given by: S- spin angular momentum and
J =L+ S, for more than half filled J- total angular momentum
J=LT S, for less than half filled.

<Lp>=3(912), <S>=5(1719)
m=-1ng (<Lz> +2 <Sz>)



Rare Earths Elementsi The 4- electrons give rise to magnetic moment
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TheRKKY Interaction:

- /fl‘/\/ \T& Indirect Exchangemediated by local
) ' \ \ s-f interactions by conduction
T DY N
4 (v /, N electrons.
X \T’\ N L2
. H=-J4S.s
d S is local rare earth spin

S is conduction electron spin.

FM _
J.: IS exchange coupling constant.

H.« (two rare earth ions) J¢ S;.S,
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Variation of coupling constant, with distancer)
from rare earth ion. It is oscillatory and damped
In space.



1961 International Conference on Magnetism Kyoto, Japan
Magnetization data in R{Gd Al ,
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Magnetic compensation phenomenon in Mb Al, : x ~ 0.25

NdAl,: T, ~ 65 K
HoAl,: T, ~ 35 K

Eng/ fU. ~ 2.5e5

Nd, ,HoAl,

X = 0.25
T.~ 65K
T~ 25K

comp

» L} » -~

W

Magnetic Moment (. g/ Formule Unit)
[ ]

O-HoAl,y |
4 - HorgNd,y Al
O-HogNdg Al
0 ~Ho, NdgAl,
V-HoagNd4g Al
H s 19kOe

Temperature °K

W. M. Swift et al.J. Phys Chem Solid9, 2053 (1968)
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O0Zemaogneti zati on Sys

AEvery site on a crystalline sublattice is randomly occupiedby two
specie®f magneticons,which arecoupledantiferromagnetically

AThe relative compositions of two antiferromagnetically coupled

magneticions is suchthatthe net magnetizatiorof the systemis nearly
ZEROQO.

AConvenientIy realized in a Ferromagnetic Rare Earth (RE)
IntermetallicSeries

RAIl, : CubicCu,Mg structure R atomsform a diamondlattice



Hyperfine fields in Sm,Gd Al alloys- Microscopic evidence

for ferromagnetic coupling between rare earth spins
J. Appl. Phys. Volume 50, pp. 750503 (1979)

A. K. Grover, S. K. Malik and R. Vijayaraghavan

Tata Institute of Fundamental Research, Bombay 400 005, India
K. Shimizu

Faculty of Education, Toyama University, Toyama, Japan

Abstract : The results of hyperfinefield studieson Sm;,GdAl, alloys for 0<x<0.5 are
reported Thehyperfinefield at Al, H(Al), hasbeenmeasuredo be+32.5 kOein SmA} and

-47 kOein GdAL. In Sm;,GdAl, alloys, we find that the magnitudeof H(Al) increaseswith
increasingx and further H(AI) becomesegativeevenwith small replacemenbf Smby Gd.
H(AI) in thesecompoundss proportional to the averagevalueof spinper rare earthion. The

observedehaviourcanbe understoodn termsof a ferromagnetiacouplingbetweerthe spins
of SmandGd.

Hyperfine field at AlU < S, >



Free S ions

L =5, S=5/2, 3 =5/2 , & 2/7, <L> =-30/7, <S> = 25/14,
m(S#*) = g = 5/7m

SmAL,: Ferromagnet, 1~ 125 K

Magnetic Moment / formula unit of Sm/d 0.2,

Free Gd*ions

L=0,S=7/2,3 =712, & 2
m(GP*) = 7my
GdAl,: Ferromagnet, J~ 170 K

Magnetic Moment / formula unit of GdA+ 7.7my



An extract from TIFR Annual Rep. 19780

Report of Nuclear Spectroscopy Group ( page 48)

Mossbauer and TDPAC Studies of Rare Earth Intermetallic Compounds

d) Magnetic Interaction Studies:

The magnetichyperfine interactionof *'Cd in Sm,_GdAl, compounds
was studiedat 80 K for Gd concentratiorof 2-10 at %. A leastsquarefit
programhas beendevelopedto fit the TDPAC patternsin caseof such
combinedmagneticandquadrupoldanteractions The resultsshowthat the
hyperfine magneticfield 11Cd in thesecompoundgeversessign at a Gd
concentratiorof 3 at %.




Can Admixed Rare Earth Intermetallics be described as Spin

Glass Systems?

A. K. Grover, S. K. Dhar, S. K. Malik and R. Vijayaraghavan

Proc. of DAE N.P. and SSP SymposiudC, 546 (1979
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| Fig.' 1. ac susceptibility in

Smj_xGdxAl, alloys (GdAlg
data is in a field of about
'0. 109). | :



Presented at DAE Solid State Symposium (SSP) Mysore, December 1983
Magnetic compensation phenomenon in, JGd Al
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4% 2%

A Magnetic reorientation 3%
(compensation) seen for 1% to 3% Gd

doping in DC magnetization response 1%

A Resistance data fingerprints drop of
spin disorder contribution at T,

No fingerprint of compensation or
reorientation in resistance data

A AC-susceptibility registers freezing of
Gd moments as peaks

A. K. Groveret al,, Proc.
DAE SSPX26 B, 252-254(1983)




