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ABSTRACT

The magnenzarion  and the poramageetic sasceptitifiy of the
Wi, P alloys with composition ranging from 0 o %) ot % Pd are
investigared, The composition deperdence of the samration
magretization, N and Pd localized moment gre discussed in ferms of
the localized spin picture, The reciprocal suscepibility - temperature
deperndence of the allovs follow the Curie Wiers law. The
paramageeric Curie remperature and the effective paramagaeric
moment bekavior are interprefed in renme of the s-d interaction

Detween the conduclion electron and the localived momen:,

INTRODUCTION

The paramagnetic behavior of pure palladivm is drstically affected by the
addition of the 3d transition metalsp-z, The alloys with Cr and Mn exihibit
antferromagnetic tendencies (110 Those with Fe [2] and Cogs exibibit ferromag netism
throughout the concentration range down 1o solution as dilute as 0.1 at % iron or
cobalt,

Mosshauer sindies on Ny Pd_showed dat the hyperfing fleld seen by Bl Ngi

necleus increases by increasing Pd content from 76 KG for Niw 173 K0 for x = 0.0,
The liypertine feld changes i's sign at x = 0.5 Sech behavior is unesual, since in most
of the leromagneldc transition metal alloys the observed hyperfing feld is always
negaive and & relaed 1o e core polerzation and the bulk conducton polarization)a),
In Ni-Pd alloys a large pesitive contribution from Pd aems on neighbordng atoms
leads o the positve hyperfine feld ).
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Polarized neutron measurements on 2'-1'i|_1=F"-:.tI= alloys (4] indicared that magnetic
mienent of both Ni and Pd increases with increasing Pd content from -III_Gur the value

for the Ni-rich region isolaced Pd atoms in a nickel environment have oo moment but
produce a positive cnbanced NI moment (spin latfice interactions. This moment
enbancement is small and may be associated with 2 change in band structure on
alloyingm . In this respect pure nickel is considered to be a suuraed ferromagnet ie.,
it has oo @ holes in the majoeity spin band and has ~0.6 d holes in the minonty spin
band. It is difficull to explain the obtained results of e Ni magnetic moment in sueh
model. A NI alom most acquire additonal d boles, say 0.4 o i when it exihibip the
moment of 1y, This however means that the tght binding model with d atomic
orbital only which is often used in discussion of pure metal as well as alloys 1oses its
validity for the Ni-Pd system and (hat a more realistic model which take not cnly d
statcs but ol30 5 and p states into account may be required. Akai [8] investigated the
full electronic strucieee of Ni-Pd alloys by means of the Green function method
which is combined with the cobierent potential approximation and the local spin
denisty approximation. Akai's calculations indicated that the number of states
contained in the d-hund per spin is arround 4.4 in pure nickel and always sealler than 5
which is asumed in he simple minded picture. Some of d-elsctrons are bost into
antibonding states laying above the top of the ¢ band, This is the 30 called 5-d
byperdization whese a d-state of a given atom mixes with 5 and p staes of surrounding
aloms making the booding and pniibonding staics, The d band seatss are mostly
boading ones. Since the antibonding states contain a portion of d swes, fve gomic d
orbitals canmot be fully cccupicd even when the d-band siates are fully cecupisd,
According w Akai’s calculations, the mixing of d-band of a given Ni atom with 5 and P
stites of surrounding atoms decreases by the increase of tbe number of siates contmined
n the d-hand per Ni swte, and the nickel atoms tend 0 be more alombe, Akai's
investigation of the Ni, Pd_ alloys as a peototypical localized sysiem gives a

reasorable interpretation for the unusual behaviour of the hyperfine fisk! of mickel in
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this system. In the present work the magnetic belavior of e Ni, Pd_alleys, in the
ordered and paramagnatic regions, is ivestigated and he oMained resalts are discussed
in t2rms of the localized spin plorre.

EXPERIMENTAL

The alloys included in this study were Ni Pl owithx=0,001,0.2,03,04,05,
0.6, 0.7, 0.3, 09, and 1. The samples were prepared from Pd $9.90% purity and MNi
00.99% purity by high frequency melung in an argon ammosphece and heat treated at
P00C for IZTh., All e heat trested samples are examined at room temperature by
x-ray diffraction and the lattice paramerers of the allovs were determined.
Magnetization measurements were casred out under vacuum in magnetic felds up 10
13 ke at lemperzures down o 77 K. The moment per atom of zlloy, was determined
by extrapolation to T = 0 K. The paramagnetic Corie temperatures were determined
from the reciprocal suescepribility - temperatere medsurements between 100
tempesature and 1000°K except for Pd the temperature was between 77 and 600 K. The
effective paramagnetic moments of the alloys were delermined from the slopes of the
reciprocal sugceptibility - wemperature dependence.

RESULTS AND DISCUSSION

X - ray analysis showed that the heat reated prepared Ni Pd_alloys form a
continuous series of fec solid solutions amd were free from any other phases. The
dependence of we laltice constants on palladiom concentration (1) is presented in
fig. 1. The merease ol the lattice constants with (x) follows Vigard's law, The
sturation magnetic moments o of the of the Ni-Pd alloys are geduced from ihe
extrapolations of the magnetizations 1o O°K. Fig. 1 showed the dependence of m of P
content. The resiels mdicale a decrease of the average moment p with the incrense of
Pad comcentration, ) decreases linearly by .11 per added Pd atom for Dex<i S,y falls
more rapidly in the Pd - sich region and its extrapolation  approaches zern at a
concentration ¢lose 1o the reported concenuation whers ferromagnetism vanishes

.98 or 0.9700, The dependence of the relative saturation magnetization M(TIK /
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Fig. 1. Composition dependence of the lawce parameters {a), the saturation
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Fig. 2. The reciprocal susceptibility 1y (gauss. cm™) temperature dependence on

the Pd contenl.



Egyptian J. Sol., Yol. (16}, No. {2), (1993) 293

MiO}E on Pd content ploned in Fig. 1 confirms that ferromagnetizan just vanishes a1
%= 093, The average sauration magnetic moments ohiainzd from the magnetization
measurements agree well with those obauned from the magnetation measurements
of both Eragg and diffess scalersing s smaller for the Ni-Pd allovs than that for pure
i, for which a value of ~0.] Ky is reported (). Negleciing the conduction - elactzo

polarization. the average moment per alloy can be wrilen as
U= “'ﬂ“rﬁ FAL,

I the range O = x = 0.5 the individual Mi and Pd moment are given by Ho=p+
Al and Moy =h - {lexy & . where A pis the difference berween the NP moment aod
the Pd moment in the alloy. Using the valwes of Ay reported i el 171, the valpes of
the localized moment of Ni and Pd ase determined , The viriations nrpw and I'l|'|l with

the palladium content is presented in Fig, 1. L increases with aboul llllua.'Pd 2lom in

the range of ¥ betwezn 0.3 and 0.7, Exirapelation of | « x dependence 1o (he Mi-rich
regron indicates, as the extrapolation of the results of ke neutron measureme=nis 71,
that the isalaied Pd sems in nicks! enviromment his no moment but produce an

enlianced Ni moment associated with the spin lattice interaction [6.7]. As Fig. 1 shows,
the Iocalized micke]l moment Eux Vincreases with (s increase of the Pd content Tl

maximum of about 1.2|.13.-?-Ii alom in the 90wt % Pd region. This increate of Mi

magneiic moment aocounted for by the locilized-spin model[in 3 and Akai's elecrronic
siructure Calenlntions of Ni-Pd allovs 2. As observed in Fig, 1. The tncrease of M
concentration (x) increases the latlice constant of the alloy, Such increase of the
interatomic distance increases the number of Iocalized stales contzined in the
interatnmic distance increéases the number of localized stes contined in the d-hand
per spin. So the mixing of nickel-d band with s and p states of surroundiag loms
docreases Lo, the destaes of a nickel aom end tw be more localizedjs, Acooading o

Akai's calculation, the nomber of elecrons for each spin direction :1""%“:r and
n" . varies such that their sum is kept constant. Thus the increase of the
Hnnoriy

majority d-clectrans of Ni by the increase of (x) 5 accompanted by a decrease of e
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manierity d-glectrons. In other words, the number of d-holes increases with (x) and

the mammedc moment of nicke] ineneazes (Fig. 1),

The effective spectroscopic spliving g-factor for the studizd Ni-Pd alloys was
calculated according o Tsuya 4 and Wangsness 13, The compositon dependence of g-

facior ks given by
g =gl e il + g te 0 x]

£, and g arc the splitling a-factor of Niand Pd respectvely, The spin wave
fesanance for ]'--f[t_ILJ'.;]Jl at QIO Hz j16) showed that tee g-faclor increasas with the Pd
content from 2,18 for pure MNi to 2,59 for ihe alloys with 90 at % Pd. The
ferromagnetic resonance expenments carrizd al 33GHz p7 give values of 218 and 2.5
for Mi and Pd g-factor respectively, In this study. the vaules considered by Akai s 1s
used (2,54 for Wi and 2,18 for Pd), The compositon dependence of the g-factor of te
alloys wsing the dedoced mements of Niand P e presented in Fig. 1o A liner
dependence of g on Pd content is noticed up to £ = 0.5, Above this concentration of P,

g-x dependence is no longer linear, The rise of g-factor for x < 0.5 i3 relaed with
decrease of the contribulion of Uw spin moment I'?'-ih_"rfl- 3'-11?1 of the Mi, Pd_alloys

detenmined by .'-,iw” = plg are plowed in Fy. 1. Mm varey linearly up tn x = 0.3
according to the reluion M = 562 - (ixh, with f= 0. l'.'plnfml-;fml Pd atom. This
bends o spin moment of Pdof B35, . The lavw M.qin (%) dependence implies that

there is a true ferromagnetic siae in this conceotrution region. Moreover, the proper
orhitil moment contribotion, 0102 |.lu in Pd is of the same order a3 m wsoal

ferromagnets and the orbital contriution (o te momenl i3 cenainly not negligible.
Above x = 0.3, sumilar o, an t5 1o Jonger linewr, This is understond by supposing
that in Jilue alloys the Pd moment veries with the eovimomment and the polasization
of the compensated curiers of Pd i increased wosaturaion only i half of the next
retehbors are nickel[3].
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The reciprocal susceptibility 1 of Pd is plolted as 4 function of emperature T
i Fig. 2. In agreement with Bozorth et al [3], below 20 K 1#y  shows a noalingar
dependenc2 on T, giving an evidence of antiferromagnetic behavier of Pd at low
temperature.  The paramagnetic moment of Pd calcolated from the linear 14y - T
dependence is 1.3 p_ . This value coresponds o § =é puiling = ‘J[i-?{5+12n]i”"‘3l Itis
abserved from Fig. 2 that , for all the Hil_x]"d: alloys, 1y - T variations sanstied the
Curiz Wigss law over the whole lemperature range (from temperaturz up 1o 1000 XK.
The paramagnetic curie emperatuses and the efflective magnetic memeznts of the alloys

are ploted in Fig, 3 as a function of the Pd concentration. Fig, 3 Shows also the change
of reciprocal susceptibility an SO0K (1Y) with (). Whils & slight increase of

”:‘:sm is chaerved for 0.1 < x < 0.4, an chviows increase is noticed in the Pd-rich

regicn, Similar behavior was seported for Ag-Pd and H-Pd alloys [15]. The effective
paramagnetic moment I:Hcl'l'} decreases lincarly with the incregsa of the Pd conent

following the relation,
Her = Per oy (1-x) + Haeripgy *

Heprineiy T R,

calculated and experimenial values of W of the alloys agree well (Fig. 33 The

are the effective moment of Mi and Pd respectively, The

paramaganetc Curie temperature Elp i5 a measure of the magnetic meraction betwean
the conduction clectrons, The decrease of both E'Fﬂﬂﬂ p . with the increase of Pd

coqcentration can be interpeeted by considering the magnelic exchnaps interaclion
between the 4d clectrons of Pd and the lecalized 3d electrons of nickel. However,
because of the large susceptibility and density of states in pure Pd, the exchnage
integral required for the saturation of the Pd moment on a shell of alem serrounding a
B4i atom is rther émall [3], The increass of the sd electrons contribution cavsed by the
increase of the Pd atoms gradoally decreases the moment of nickel 25 well a5 the
parunagnetic Curie emperiture. With x < 0.9, the moment of the alloy is expected 1o
fall 1o e valus of pallatium,
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Fig. 3. The experimental and calculated effective magnetic moment K, (1) the

reciprocal susceptibility 17¢ at 600 and 900°K and the paramagnetic Curie
temperanre ep dependence on the Pd content x,
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