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Abstract

\Ve review. I,rietly. lhe arKul_en1.,; wl,ich _ax'e ri.,,e lo tlle (urr,_,]_l c(,ntr(,v,,]._v

c()]_(',,r_,i_,,_lhe origin of ('o,_])(.,.,,i_i¢,_lalorder in Ni_.I"l(__c _ all(.,v_. \V,., _o1,., _l_a_
_;11"ain flll('lU;lliOllS l)]ay ali illll)ortalll role ill deler_ninino_.; the ,,,lale ¢)[ c(ulll)osilit)llal
nr_ler in lhis s\Siplll a_ld c,_tli_l_,a _l_e(-,r_,_i(alfra_nev,ork thal lal.-,:,s ;l('(Olllll ()1' I hol_.

1 The Nature of the Dilemma

.ks sllt,w_l i_ iig. l al l_igl_ I('_nl,eratur,_s (T > 1(1()0 I() Ni,-Pt(___._ allc, vs 1',,]']}_I-('(' so,lid

s(,lulio]_s for all conc'('_tratio_.,: [1]. ._lowov,:'r. lhev disl,la.v a rol)usl l('llfi(.ll('v [oi" ('Olll-

1)osi{io]lal order, l'2xl)c'riln('_tallv t l_is _na_it'esls itself in sig]_iiica]}t or,le]'i]_g lyl)(" sl_orl

_l_g(" or(let in t l_e disordered, solid soll_li,.,ll 1,]_ase a]_d in t'or]_}alio_] uf va]'iul_s c,r(lere_l

str_c{tlr(.s (LI,. LIo etc.) l_l)O_ slow cooli_}_ lc, low le]nl)eral,_]'es. I']le former is ol,ser\e,I

i_ _el_iron _liff_se-scaltering experin_e_}ls [2] a]_,i 1he evidence for 11_e ialler is l)ruvi(le, i
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Figure 1: NiPt phase diagram [1]

l,v t lie well studied SUl)er-lat rice Brag_ peaks. ('oncenlratioll oscillatiol,s at l l,e s,lrfaces

(,i" (l_(,se alloys [3] also s,_ggest a stro_g tlwr_o(1.v_amic 1)refere_ce for Ni-Pl ra(l_er (l_a_

F)l-l't or Ni-'Ni neighl)ours. Pllollons. measllred all(1 calculaied als() fell (lie sanle (ale [1].
The ,lilemma we shall discuss _lere concerns not lhe fact but (lie l,ll.vsical origin of tile

al)o\e well eslal.)lisl|e(l l)heliolnena.

ll_ere at(' lwo _icr()s('ol)ic al)l:)roaches lo llle l)rol:)lem of eXl:)lail_in_g ll_e o('('_rre_ce ()I'

c(,l_l)_)sitio)_al short and lo_g ra_ge order. Il_e first is based ()_ eIi'ec)ix(' lailic(' lla)_ilto-
l_ia_s wl_icl_ (les('ril)e ll_e svsle)_ i_) 1(.r)_s of l l_e oCCUl)al i()_)al \'arial)l(" _, ,,vl)icl_ iak(.s IIi('

\al_e 1 it" there is ali .\ al(i)lll at tl_e /-lh sile a)ld 0 it' t]_e alOll] _1 lll(' i-111 sit(" is ()1' iii(' I.{

_('l_ a lla_nilt(-)_ia_ lakes the Ik_)rln

1 ._._c< + (I -_,)+ (1 _,) +_,_, c

_'_ is (lle i|)te|'acli()_ (.n('r_.v l)etw('en an o (=.\ or B) a_(l a / (=.\ (lr ]13)(vl)e
\VII('('(' (_'_./

a)()_ at tl_e sites i a)),.l .j r('sl)e(:li\'('l\. I_) _l_is la)_g_age a)_ orderi_)_ 1(.)_(I('_I(",is (1)le (o .\I'1
.._-_+ )'_ -2),.-_ > ()1)o_(Is l)ei))g _nore atl|'active ll_a_ .\.\ or BB I)(_)_(ls. _a_nelv. )',._ - ),.i ,._

l.'}v(.o_(rast _',._< 0 i_nplies cloistering. Ii" 1lie l)a).'an_elers a_(' ||ol ],:s)o',vn al)riori I)ul are

(l_.((.rn_il_e(l l)v fitting lo experi)ne_ial data. (\vl)ich is (he us_aal s_()(l_s ()l)('ral_(lii \','l_('))

al,l,l',i,_ ll_is'al)l)roa('l_ [.')].[6]),_()(:',,,_llic( arises I,(,(wee)) )l_eo,'v a,_,l ,'Xl),','i,_)(',_s as t()li,("
('a_)se of ()l'd(-'ri)_g. l)_(lee(l. Dalll_ani (.t al.[2] I'(,_)_(I. ))v ii( (i_)g 1,.)t l)e r(.s,ll! s _,I"(1)cir _)('_lr(,),

scaileril),g ("Xl:)erin_e)_ts in (]).e Ni,/l-)((!__) alloys. (l_al (',.i is larg(' al_(l l)OSi(ive for )._(,ar(.sl

_(-,igl_l)our sites a)),.l very s)nall ILr i a)_d .j l'_rll_('r apar(. So al tl)is level (,f d(-'s('ril)ti()_
tl_('re is. again. )_o co)_Iro,,'ers.v, llo\\('\('r. Ill(' lllalter l)eco))_('s )_(.,re c(,)nl)li('a((',l if we
follow (]le allel'l)alix'e al)proach a_(! attempt lo answer the (l_|('slio)_ of wl)a( drives (l_e

t)r(l('ri)_g process o)_ tile basis of a. _nore or less. first pri)_t'il)les, elet'lro_i(', descrii)lio_
ot' the COl_Centrat ion tt_|cl_alio_)s, lt is at this level (l_at t l_e (-)l_serve(i 1)eiiaxio_r of (lie

Ni, L)l()_<) sysle)n 1)eco))_es l)).'ol.)l(:una(ic.
ls_ sl)ol(, fairly general. (l_e(_)xeti("al alg)ll)_ellts s_lggest flea( alloys of (l'allsi(i()ll x)_(.ials

will) ro_gl)iy llalf fille(1 (l-l)ands ord('x" wl_ile (l_ose with al|_osl t'_ll or al_)()sl ('_)ll)lX."_!-

.)



, , ball,Is clllster in the disordered _(ate an(l, tllerefore, pl)ase separale at, low lellll)erallll'es

[;]. Ill]. t),i, I>,,,,,,.o,,t I>,>,I,-or
('Xl_(:ri)_(:))(al daia [I0], [II]. llo,v('v(,r. )l)ere _,),' ))_', (,x('('l)lio)_s to (l_e al)o\(, )')_/,. ()I"

ll)(,s(, Ni:l_)(l_,) is o)le oI' file l)(,.,(l<))_)w)) ('xal_ll>l('._ [I_].

l¥('_lia _)l(l l)ucas(elle [I_] _l)),li(',l (l_i_ (_,e wi(ll <()III(' ,'_<('. ll()_ve,,'('t'. _l,_iU_;_I)()(l)-
('rwi._(" fairl,v r('lial_le (l)(,()r(,(i('_l s,ll(,)_(,, l)a._(,,l ())_ a (i_l_l-l)i)_,lil_ _o,I(,I llal_il(<)l_i_))l'()r

,l('_<('ril)i)l_ (1)e ('l(,('lrol)s. II_('\ (',)i)('I)_,I(',I (1_;_! (I_(,_'(, w;_ i_() ._il)_l)l("__\" ()I"_\_)i(lill_ ll_(,

l_r(',liclio)_ (l_a' Ni,:l)l(__<) .,<I)_)_I,I(l)_>,(('r il_ IIi_' ,li.-_,r,l(,)(,,l l)l_a.,(, ,_,I l)l_a.<(' ._('l)al'_(( • _l
low le)nl>era(.ur(:s. In t.l_e (')i(.I. llxe\ s_gg(.'.,<te(l il_t tile _l)il_-_.)rbiI coupling;, wl_i('l_ xva._

))t'&lecled in lheir )_o)i-t'elativis( ic (r_,al)_(.')_t _)I'll_(. prol,l(:,_, _i,_l_( give ri._e (o a rel)_Isiol_

l._elxve(m lhe Pt atoms and h(')_ce overri(le (l)e _snal l)a_l iillino argumen(. 'Fo s)_l,sla)_lia(e

or reject, Ibis in(.et'esling h.vl)C)lhesis was (l_e l)Urpose c)f two rece_)t reco)_si(leraiions of il)e

p_o)>le_nI_- Pinsl<ie( a_. [t:_]and I.,_ e_ al. [i_]. Ii.,)]. U),I'o_'(,_na(,l_'.(]_(:secalc,,l_,(i<,_,s
_'esul(.ed in apparently conflicli)_ results. The I_irst su_(:'ste(l ll)at the orderin_ (en_h:_cv

iii tile Ni_.Pt(l__-) system is due 1o a size effect _)',erriding llie I)a_l¢l filling liiecliauisin wliilst

Lu et al. [14] concluded that ii is a relali\is(ic eI['ec(, but 1)o(.._l)eciiically (o do wiili ll_e

spin-orbit coupling. Iii (liis liote we wish lo exanli_ie (lie il_ll)licalionsofll)eseseelninglv

('c)_ll:licti_ resul(s.

T1)e calculalions (he_nsel\es are quite straighlt'orxvar(1 i_) 1)otl_ cases a_d as sucl) are

ltol co_._loversial. Pi_lski el al. [|3] cal(_'_laled (l_e \\'arre_)-C'ow[ev sl_()rl-ra))ged ¢)r(ler

l)a,'a)neler o(q) and t'ou_(l lha( il i_creases ['tom l]_e c(-'l_tre of (l_e Brillo_in zo_e (l"-l)oi_()

Io ll_e zo_e l>ou)_dar\" (X-l)oi_)l) i)_,li¢ali_g a)_ o_¢leri_g le))(.l(-'l_('\" (see fi_._). I_1a,l(lili¢)_

i ),i, _

_) _ (2,2.0)

(2,1,0)

(0.0.0) (l.O.O) (2.0.01

Fi_re2: o(c_)in (lteq: --01)fall( 'l'()r.Xi0.;Pt0._ for a lel)iperat_i'eal)o_It !()','/ ,_r,,_l(-'rll_al_

1])e lheor('( ical or(l(.rin& l(,_l)(,ln( _e. lll(' l)eak._ ;_r(' al (l_("X-l)Oi_( s ()f (l_e l:( '(' l}_ill_,)li_l

zol_(', i)_(licali)_& the (en,le_('v f_)r ll_e all<)\" (o o_',ler al()n_ (I)(' (I()()) dire,(iOl), i.e. il)(o (I)('
I,I(_ str_('t_ie at low (('_l>era()_r(,._ [I:)]

lo ._elf-cc))_sist.e_cv. these <alc)_lali(>)_s ,lil['('r(',l I'ro_)_ l l_o.,<(,()f l're_lia an,l D_ca,_(ell(: [I?] il)

was II)en arg:,'(I that t l_is fea( _(.. wl_i(l_ i._(I_(' <(>_._(,(i_(,_)('(, of li)(' ._iz(' (lilr(,r(,)_((, I)(,(w(,(,_



. t lw Ni ariel l"t atotns, was resl_Oll,sil._le for S_ll)l:_ressillg l lw llorlllaily l_Owc'rfill I)an(l filliug

J_,,<.l_at_i.,,_.()t_tl_<:,otl_orl_at_(l.I,__,ial. IIII.[15]calc_laIo_ltlw I'or_naiiot_o_IS_alI6'

I
31:'(_)._o. _i\_. V_,t) = I;'(.\il't. Vr_,,)- _[I:'(,\'/. I i\-,)+ l:'(l)t. I _,t)] (2)

_vll_'I_'Ii,islll_'_'_lllilil_ri_tl1_x<_l_ll_'<,I'tll_.sx.-,t_'tl_il_,li_'.l_',ll_xill_'_tllix_ - L I0.Xi a_l

.'_<'alav-r_'l_ixi.,,lica_d _o_t-r¢l,tix'i.,,ticI,.\I_\V,'al_'_l,ti,,t_.,,[II].[I.',]..\_.,,l,_xx'_i_fig.:Itl_,x

t'ouud that. non-relativisticallv _XE is positive iml_,lyi_lg phase SOl,aratic,_ at low letlll_ora-

t _tr,._.s.but scalar-relat ix'i_t icallv it is n('gat ixo a_ld. i heret',_re, cousi_l ent wit li I lie observetl

or,l_:,rilig te_det_cx'. Thus. lhev coucl_tde,,l tltat ,..,r(lerillg. i_l t]leso allovs, is a re]al ixisiic

'" 1' " ' 1 ' I ' t ' -

-- Enr(Pt,vu_)

.-, Enr(NI,VLt o)
t.. ,, 36rally *

t... " = •
- . o .
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l:i_tl_ _ :_: Tl_e local (le_.,_itv al,l,vo×i_lxati,Jit (I.I).\) grou_t,:l state <'l_ergie._,_1,.1 co_lti,4_tra-

i iot_allv averaged el_'rgios of xario_s or_lel'(.,I a_d disordered[ .Nil't ;_lloxs. "Il_e _tl._.rscril_i._

N [{_III_[,%l:{([etlotenc)ll-lt-lali\i_ticat_(l_calar-v(.latixi.,,ticr_'Sl_e('lixIv.\','t,I('_oiestl_e_,(itti-

lil,ri_volu_e for*,l_esxslol_sl_e<'ifi_,d.\'LI,.is_I_evolume oI'll_eLI_ or_ler('(I_'(,t_i_o_I

al_d\'.\-,_.-.n_0;islhat forIii(,corv_i,o_(liug,_oli(Isolutions.l'he i._oi_i.,__arI<<'(II,x- _I

: a,,. ,lue to L,t oi al. [1 1] [15]. rlte ,lotted li_e. dot-,:lasl_ed li_e a_l ,lashed litre are ti_e

co,.jf c'/,_'(dcot_figuratio_lallx a\erag_._[ t-'llel'gies for solitl ._ol_ttiotl alloys as a l'ttttt"tit,lt t_t"l ]l_'

.Ni ('(,tlc('lllrati<,ll c. T]I(' (101 te(I lille is t'ora ri_,i,l lattice haviug tile xolttllte oi ct,rrt'sl)Otld-

i_lg to the 50/-_0 alloy. \\'ltil.,,i. tlie,'l(..,i-_laslwd aud ,iaslle,! littt's ,l_'_tote t_(,l_-i'_,lativimiic

att_l scalar-:t'elat ixisI ic calclt]al iolls l_eri'orn_,d al l Ire e(luilil,ri_t_n xtdtt_nes (,f tile alloys i_t

rallier tlian the .',piti orl.,ii co_pli_g _a(,(la_tiistl_ sttggested I:,x"Treglia atoll l)ucastelle [1:2].
In fact they argue that spin-orl_ii coupling faxottrs clu.'s.'tering.

Before attel_ptii_g to reco_lcile tl_e appare_lilv co_lt]icting views we wisl_ to ,ligress
1,ri_,tly in order to distress the ihoories of compo._itional order mleva_lt to tire above co_l-
( I'OVOI'S V.



, 2 First Principles Theories of Compositional Order

('llvr('llIIx" l live(:' ways (,f I)roc('cdi_lg al(" l,eing a('(iv(.Iv i_(.rs_u',!: (li(. tirsl is Iii(. (.ffec(ixc'
ll;_lllil!011iall al)proacll a_l\ocale_l I)v ('Olllloll\" an_l \\"illiallls [17]. (lie secoll_l is (lie _'[ec-
(r_,lli('allv I_;_s(.(!l_l('all tivl_! i lwories of l)tlcasl('ll(' _ll,.! (1;_111i(,r [IS] nll,i (i.vorii'.v at_(I Si(,ck._

[l!)]. [2(I] ;,,_,! tl)e (l,ir,I is ll_("l,vl)ri(l. _l_,si-va_,lo_ sl r_cl_rcs ._<1_(._,(.(,!' Z,_,g(.r (.1 al. [21].

ll_e first si rategy ,.'ol_sist s of ,let('l'_i)_il_g 11_(:',')_(:'rgy l)_ra)_('i('rs in tail ice I la_ill _,l_i-

arts. like (he one in eq.l, by requiring (l_at (l)ex rel.)rod_)ce lhe resu](s oi" first principles

lo(al energy calculalions for x'ario_s ordered co_)figuraiions. ['l_e ell'ect ire ]lan_i]lo))ia)_
so ol.)(ai)_ed is then used in full lattice s(atis(ical )necl_anics calcula(iot_s based oti eitl)er

clusier variational (('V_I) or Xlonte ('arlo methods. ('learly. the virtues of lliis procedure

are co_ceptual simplicity and generality'. Its principle draw-back is its lack of fottntlalion

in (l_eoretical l>liy'sics. Namely. there is no guarantee that a suitable lattice I-ta_nilto_tia_

exists whicl_ reproduces the complex, non- local, long-ranged energetics of tlw electro_l

r.ll_( ',vl_ich l)ol<ls solids (oget her. For a discussion of (]_e _)o_>coverge_)ce of t l_e lna_\'-al ¢)lll-

i_(erac(ion series in solids (he reader is tel'erred.! (o (he re((:'nt paper 1)v llei_e el al. [22].

Y,'e\erlheless. ii ot)en works, alll_ough i_ what follows, its al)l>lical>ili(v lo tl)e Ni,.l)(()_<)
case will be the subject of '<ome r(:'ser\alicms.

I'l_e alt en)ati\e, niean-fiehl theory, apl)roacl_ does )_o1 eli_inale (lte elec( vo_)ic varial)les

(o l:rOduce a lattice model l-tarnilto]_ian l:,_t attempts to carry oul l l_e re(luire(.I sun,s over

ll'_e ('ol_l)osilional e_sernble in terms of eleclro_ic free el_ergies. ()t" course, this ca_,_ol I,e I
I

d(..,_)ewill,out serious al)l)roxilnalions. I_ t'acl. 'tile oill\" l).'acta!)le scl)el)ie, al. file m(:)li)el)(.

is l 1)(:.I)leal_ field l]leorv l>asc,d on file (i'ol_erenl l)olent ial .ki)l)loxilnal io:l ((.'PA) lreal lll("l_l

(.)1' 111(" (']ceil'OilS ]11 flip con)l>OSitio_allv ,:lisord(,r(,,l cr\stal ])(.,)l,r-'llli_'ll.._,S bl si_l,lificaiic)l_

(1,(' ('l('c( rc),_,_,,_av 1:)("<lescril)ed l:,x a (i,,l_t-_ l:,i,,,li),,,_ ,no(l('l ill]. [12]. [18] but l'r(.,lU(:'_llv.

,l(',-,'Vil,(i,.,_ _,f (1_-' cr\'sl;,l l.)Ole_ial, is ,_,.(-',1[1!)I. [2(')] ( S( 'l:-l'( l( t{-( 'l).-\ ).

1)\ lit,, _),,a_-ti(-,l(l tl_(.,:)rv a,,.<s:_'_)_l)licu). ()l_ ill(-, ()I ll(.r I1;_i_,I. ii is: a \('r\" ,_,,(_'_levall\al)l)lical)l,"

1t)(. t'r(,(' (')l('vgS" t'vo_)_ col)[i,_,,.urali()_l lo ct)l_ti,_,,_ratiol_. I_1 c)ll_er WOl'(ls, I1_(:' fr(,e ("l)('rgy

i_ )_,,1 1)rc)]<('l_tlo',vl_ it)lo "2.::).1dot.,,._-1)_)¢1\ (:¢)_llvil)_li(:)l_s ['22]. I_ I)arlic_lar. 11_¢'al)ox(,

a_,l (,,<cilla(t,ry [1!)]..[2()]. F',_rtl_<.r_or<:'. ,_lil<(, (l_,' (',.>_)_ollv-\\illia))_s)))ell_(,(I. 1,_I like

1])(. _(qll,:),l ,.)f (l,_asi-va_l(.l¢)_l sll'llCllll'("S, it ,l(.als (lir('¢tlx" xx'i(l_ IIi<' ,li.,.<or,l('r(,(I sl;qle' WIll,tS('

i)l'..:lal)ilit\ fre¢lU(-'_lllv .'.<iglials llie ol_set (.)f (O_nl)osili(.)_al ()r,l(-q. ll_s. _ear (]_e tral_siti()))

l('_)l,(,ra_ur('. T,.. i* ca_ 1.,e regarded as a first 1)vi_cil_)le.,.;l.a_,,lau ll_(-'ory [(;] [20].

- (.,)(,,.,= ((,C) - ((,)(¢,) (:))

I)_ ll_(-' ,li,.<or(lere,i slate wl_ere c, = ? for ali i;_,l (_(ij) ¢l(,l)¢.l_,ls o_Iv on ll_e x'eclor I2{.i.i
wl)i('l_ (.'(,)_l_('c(s l]_(!' sill's i al_,l ./. ll_(:' lallice l:o_ri('r l).'a)._st'orl_ of o(ij) ctl_l l:)e vcrillel_ il_

l(,rl))s of l]_e Or_)stein-Zernil,:e direct correlation t'_nctio_ c_(_)as follows [19]

1
,-, =

- _

wl)('r,, :_is II_("i_)\erse (('l_l)eral_re I/I,',F . Ni)le (l_a! c_(c_) is (l_e \\'avre)_ ('owlev sl_t,rl-

r,))g(' or,l('r l>ara))_(:'t,vr _nenlioned earlier an(J is ))_(.as_l'etl il_ ,litf'use sl'al l(,ril)g exl>t,ri)_(,l)(,,.;.
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. , Tile above formula, is exact and call be takell as Ill(" cleli_itiol_ of tile direct correlatioll

t'_llctioll S(2)(c_). :File t'easoll for all i_,l('r,'st il_ .";(2)(4) is ll_al ii is lnore ,liro_'tlv r(.lato,I

to tile itltoractions 1.,_'tweeu atoills Ilia li is _,,., wllicli. Iii<,. file ra,li,_l , list riblition ft((icl ioll

ii( li,itri,Is, is dolttinate,.I by silnpl<.' l>aCkitlg c<_llsi,l,'rglli_,lis. "l'll_ls a _ls,'t'lll way of Collll>+lt'-
itlg ,lilt'_'r<.tlt tlieori,,s ;_l,l eXlJorir_'_lls is I,_ ,oll_l_+_r," l]_. <lir<,cl c_rr<.lati¢_i_ ['l_l_ctiol_.'-;l ll_,\'

i,l_pl3", l"or i,_sta,_,'o. (lie ,_s_,! ,_e_,_ ti,'l,! al,l,r_,xi_,;,t i,,_, [(i]. [:2:_]. [:21] for tile _o,1,'! lla_lil-

Of (o_lrso. w}le_ l l_o ('\'._I or _lol_le ('_rl_),'al,'_llali_l_s ar_, lts_,,I tile r_,lalio_sl_il_ l)(,lw(:,ol_.

l lie pole_lial parainet,'rs, v(c_), a_! _l_:' ,lir__,ct covreiatioli t'_lll_tiol_ is I_lore col_plicale,i.

Ne'corl lieless, il s calculal io_ iii <,il]_<.roas<, is st vaigl_t fovwar,1.

In l]_e case of lhc first l>ri_lciples _nea_l tiel<l ll_cory we ]la\e r_,ferrc, I to al:_ox'e. SI21(Ci)
works out. to be tl_e latlice Fourier trallst'orll_ of

= ( 02QC'P' ) (:..))sl' ,,ag,
wliere (-/c'r,.._({oi} ) is ihe electronic grail(1 l_ote_tial averaged, using the col_erenl potential

apl)roxi_nalion, will_ resl)ect to the itll_o_Ilogeneous product ,lisl ribulioi_ t'u_lclio_

Pl{e,})= ((;)
i

wit li eacli factor l,eil_g l)arameterized l_\ l]_e local concenll'atio_ ¢', as follows

1_((,) = c;,q; + ( 1 - c, )( t - (,). (7)

.'5'lartittg with the 1)asic equalio_ of tile i_ll_o_lc, gelleous I'(I,(|_-('PA. wlxicli corresl_on_ls

to the _lislril:,ution in eq.6. one can derive a_l explicit expression f'or .'5(21(c_) iii ternis of'

(Itla_lt il ies wl_icll are rea,.lilv available al I lie _',,ld td" a_l ._( ['-I'(I'(1{-( t-'A ca]cii]at iOl_. F'i'olll

l]_¢, el_,ctvollic gralld pote_ltial. _iegl,.cling ,[o_tl,le co_l_lt il_,,, corre__ tie,is, atr exl_ressi<,_l for

.q;,(2)(_) is,leri\e(.[ thai has tile t'ol'll_ of a sttsC_.l_li],ilil\. S,'llelliatica]]\'. ii <'ali ]:e wrili,,ll as

= I.Xll" X [,/, }-.f(_'). _tk._ I._"(k + q: ,'/ (st• . (. __ (v

wl_ere [._I[ 2 indicates l_atrix ele_ne_ls..1"(¢) is (lie _st_al Fer_lii f'_ll,.'tio_l a_i<l .-t_(ff._) is

l lie Blocl_ Sl_ectral t'ullction wl_icl_ ¢]escril_es t l_e electro_ic sl rucl _r¢, of tile ra_clo_ alloy.

.-ks is well kl_ow_ ii'. in the soli_l S_,)ltllillOII, t]l_" ,'o_ll,ositic,_al [l,t_t_atiol_s are s_'ll

Ilia( like alollls clustel" (ogell_er (itch) l_as a l)(,al.: ai c_ -- 0. Iii t]_o Ol)lmsile ('ase of

or_!erilig tYl)e fluctuatio_s Q(c_) peaks at _,) ¢ 0 wllere c4t)is tl_e wave vector oi" lhe

col_lposiliol'_al modulations. I_ tile case of t}le fl_cl_atiol_s Ileal are precl_rsors Io II_c

I. lo or, lcre{! state Ctu is olle of t]_e X-l_¢,i_ts il_ _1_' Brillo_i_ z_'. ]I will l,¢, of illl¢'l'esl

laler tllal, in l:_ri_ciple, c_(F4) _;t3 pe;,k al ],{,l]_ 11_(' I"- a_l X-l_oi_Is. 'l'llis is a w, rv

illtore:4t i_g cir<'_t_lsta_lce l)c(:ause it _llay gix,, rise lo col_ll_el il loll ],oi xx't._._l_llase Sol)aral i,_l

a_l orderi_g. I_ part ic_lar, tbr c -- 0.._ oi_ a fcc ]al lice. 1_ol]l l_]lase SOl)aral io_ a_l_i ordering
i_lto tile I.,lu str_ictul'e ave secoiid orr.l(,r l_]_ase tralls;liolls a_l,l ]l,,llce are tl_e to il_slal_ilities

of tl_e disordered pllase to _ = 0 a_l,! _ = CTlut'_ct_atio_ls r,'spectixolv. These i_lstal)ilities
are signallo¢l I)v the d" •. ix ergel_ce of (_(_) at 111¢"al)propriate wave vectors. I_ llle case of ll_e

two peaks cq_visio_ed above, as l]_e temperature is lowered, one of llw_l_ nl_tst will, _ia_l_elv

diverge first at. the transition temperature T,. The state corresponding to tile other _nay
11_'_ bccon_e a _etaslal)le state for ]' < I_...

I:{oturni_g 1o o_r main concer_, we note tllat the _ depende_lce of c_(c_) for Ni,_.,_,Pl0._

1]lat is s]lowll iii fig.'2 [13] implies or,letting lype short range or_l_'r il_ tlle disordere,! slal_,.



, Pi_lski et al. [13] found that tile strl_cture in n(c_) arose l)vedon_i_a_tly t'ron_ hvbri,lizalio]l
o1"/2:_ &states prod_lced by a Imlalic_" betweell _liagonai and oil-diagonal disorcl_,r. Nalll_'lv.

l lie l'an_loill overlap of atollls drix_'s ordering alid overpow_'vs tile llsual I)alld-filliilg etl'ect

wllich, t'¢_r Ni,.l'lll__. I, shotll_l res_llt i|x please' separatioil. 'l'lie _litfer_,]|ces I_elxx'een lhc

cllarge ox_,rlal_s of 1_I-1_I. Pi-Xi all_! Ni-Ni ll_'arcst neiglll)o_lr l_airs iI|av l_e,lescril)e_l as

al,ova, _l_'cllaliis_l of ¢_r_l_'li_l,, was r_,,2>;_r,l_',la_ I1_, (llialll llill lil_,cllal_ic,l _h'scl'il_l ioli ot' l lie

_'lnl_irical r_lle, iefered Io by lllll_'-l/_,ll_,'l'y [25]. ll_at l_ig atol_ls allyl sl_all ai_l_._ ¢_i',ler ii"
tliev _ix at all.

\\hii.,,t ll_¢.'se results are in goo(1 ¢l_alitatixe agreeme_t with llie experimellia] facts

lhev are. clearly, i_ cont]ict wilh the u_lexceplionable non-relativistic calculations o|' Lu

et al. [1-1] which, as will be recalled, yield a positive enthalpy of mixing, AE, and hence
imply, o_l lhc basis of the third law of thermodynamics, phase separalion. Alll_ough.

relalivislically they find ._.XE < 0 and. l_ence, conclude lhat orc.lel'i_g is a relativislic

effect 1]_e mat t er needs furl her att eni iOn for two reasons. Firstly. the inconsistency ot" the

i|on-|'elativistic results may hid some concel)tual flaw in our understanding ot" or_leri_g

and phase sel)aratiol_ in alloys. Secondly. whilst the relativistic calculations concl_lsivel.v

indentified llie ground state they do not conclusively i_lde_llit'v the orderi_g mechanisll_.

Fortunately. some recent calculations [15] [16] clarify, to some extent, both asl)ects of lhe

l_roblen_.

Recenllv. Lu el al. [1.5] found thai. if tlie ground state energies of lhe pure Inetals

in e(l.'2 are calculated at tlw volume of lhe ordered Lit) inlermetallic coinl)oun(l, rallie|"

f l_an at their respect ix'e equilil)rium volumes. __XEturns out to lie _egatixe even in a _lo_-

relatixislic calculalion. Thus as shown in fig.3 E(LIu) is above the cE'X'_(,\i. Iix-ipt)+

(1 -c)E\_(Pt. l lx-,p,_) lille because pure .Xi contracts and l_ure Pl expallds, con|pared

wilh l l_e x<,l_n_e of _]_e ii_lennetallic COml_O|ln(l. i_ order lo ]ni]|iinize ll_eir groul_d slale

_'l|_'vgx.

.\ls_. \re l_a\e calc_lla_ed E(.\'/o.aPtt_.r,. 1 i\;0 _l)t,,., ). ll_,e coi_fig|lraliol_allv ax'erage_] el|-
,'rEx l'cn' _l_e ,li'_or, lere_l Niu..-,Pl u.s alloy, usil_,, lhe sa_e S('F-I'(N I_-('PA i_'l 1_o(I l]_a! was,_. ' .... ,:'3,

_lse_l ii| _'alculalii_g oi c_)izz our previous palmer [13]..-ks expected, oll ll_e basis uf llz,, slrollg

_,l'_.leril_ I_'l_lelic\ \re l'ou_,l earlier. E(.\'io ;Pto.:,. I ix,,.,_'_., ._) lies al,o\e E( .\'i Pt. I ).lo ) [1(;].
Ill,-' S( 'I:-I_.I,:ll-('PA i_ exacl i_ _l_," inll)_lriiv li_il, for a fixed ci\slal l_Oleillial t'u_'lioli
wl_icli, iii llle l_Z_-'s_lilcase. is l]le local <.le_silv al_l_roxinzatioll (I.D.\)l'|llicliolial [2()]. a_l,!
llieret'ore red_lcc.s, sn]oolli]\', lo file l)_lle lzielal ca]culaliozz for c = (I al-ld 1. Tlzez'efore.

u_ llie 1)sis of tile al,ore res,ills we co[lject,lre tllal wllell llie a\pra_e t_]lel'_V. /2,'(('). iS

_'al('_lal('([ as a l'u_lcli_l of file c{,licelllrali{,li ii will 1)egiveii 1,v eillier llie <.lolte_i (,r 11)_'
_h_t-<.lasl_edlilies of fig.3 del)el_di||g o_l wl_ellier lhe lalti(e 1)araliieler is kept al ils value

for l lie LI. alloy or ix allowed1orelax iii ()r(ler lo minimise tl_e axerage eliergy al eac]_ co_l-
Celll ral i¢,11."[']lese collject_lre._ togetlier wil h fig.2 l_rovi(le tile t'oll(,\vilig sin_l,le exl_lalla! toil
_t" lh_' il_c(_l|sis_alicv in llie l|o|l-relalivislic ilieor\'.

.\s 1_o1(.<.!1)ct'ore l)l_ase sel)aralio_l is a _ = 0 inslal_ililv described by

1
o(0) = (!))

1- ._?,(t - P)..¢'(2)(0)

\V ] i (-_l'e

I

= .\- ,_<,'!J>
ii

= .\-Z 77;I./



. l 02Rc'P"l(c)
= ,\-7 ,%2 (i.0)

alld l_('#'-l(c) is tile COlltigul'aliollally aw:'rage<i<'l_'clrouic e;rall,! l-,lelltial for the llolllOge-
neollsalloy as calclllale_! wilhill lll_' S('I"-I,_I,_I_-('P,\. Evi_lexlilv._(Pl(c) sll_,lild 1_' I1._',!
for E(.\'i,.PIII_ ). V ) ill ti_.:l. 'l'll_ls. OJla rigid lallic_" !yr.l(c) is giv,,ll l>ville _1olI_,_1lille

<lt(I) will li<Jt _liv_'l'g<' al ;iii,, lcillll_:'i'allire. flli._ in c_>llsisleiil willl ilie _(_) _'alc_llai_',!
by l'ill._ki (-'_al. [13] no_l-r,-'lAiivi.,.li<'allva_,i o_ a rigid lalii,'<'..ks sl_ow_liii fig.2 "t/i)
is peal<etl at lilt- zofi(7' l)Ollli(larv all(l olllv ils \all.le al the X-l.lOillI CAll diverge. Iii S]lOl'l.

both tile COlijectllred sliape o1' [l('P"l(c) oil a rigid lattice alid tile ZOli(_ ].lOtllldary value of

(l(qj ill_.licale or(lerilig.

On lhc olher liand if the lattice is allowed lo relax al eacli t'oiiCelllratioil, _('PA(t') is

co,declured lo i_e r,i,en by tile dot-(lasl,ed li,le in fig.:_, thus (O'_flcP_(c)lOc '_) < 0 al,d

llierefore g'17)(0) > 0. Consequently, o(0) will diverge at. SOllle Iellll)erAitlre frc" sigiialilig

1)hase separation in agreernent with lhe argunlents of Lu el al. [14]. l._.llforlunat.ely, the

funclioi_ flc'P4(c) is not sufficient to (leterrnirie what will hal)pen to o(_) at finile wave

vectors. Ii can only predict that the solid solution will phase separate unless some other

instability, at finite _ = qo. in/erfers at. some _o > T<- ,Since lhe Inean-field t.lleorv usedC ° ,,

1)\" Pinski et al. [13] was designed lo descl'il_e COml)osiiional flll('ltlal lOllS Oll a rigid Jail ice,

ii is clear that it canllot describe o(_) iii ihe ])resenI circunlstance dominaled I)\" laltice
relaxat ion effect s.

()lie way forward is to follow the ('olilio]lv-V_'illiams argulnenl [17] and fit. etfecti\'e

Haliiillonians lo fully relaxed total energy caiculalions sucli as lliose by Lu el. ai. [11].

\\liilsl o(_) oi)tallied iii this way niav lead lo usefull ilisigllls ii is froughl willi diflicullies

I_e('a_lse tl_e polelltial l>aramelers representillg elaslic t'ol'ce_ are likely lo be long ranged.

[_'_1' lliese re'asolis as well as tbr wisliiiig io descril,e iii(-.' or,_leriilg lJrocess iii exl_licillv

elect rOll it l erlliS, ill Iii(-" llOXI secl tOil \re sllAll otillilie a gelit_:'ralizai ioli of the nlean-field l lie-

Ol'V llial ilicilicl<-,s ali aCCOlilil of slain t_]uclllalions (_i1 ali C(lllal foolino with conllJosil.iolia]
I]licl lllil lolls.

3 Strain Fluctuations and the State of Composi-
tional Order

[=,\<'li iii Cl'Vslalliil_,soil,Is aloll_._do lllo\e al,o_il. .\1 filiil<' l<'lllll('ralure lllev Iii(IV(" fl'Olil

lattice silo lo lallice silo l>v diffusion, as \veil as \ilJrai ing aljOill i licir e(luililJrilllil l_osil iOllS.

Iii a lllll]licollll_OllOlil svSlelll ibis lll('allS l]lat a giXell silo is occ_ll,ied I)v dif[erenl alOlllS til

(lilfelelil lime.s. E\'i(lelllI\'. vcllen a 1Ag atom l'el)laces a sillal] o11o. 111o ellVirOllillell| (ii' lile

silo iii (lll(,slioli l'_-._l>Oll_ls I_,v(-,xl)andillp_ 4. ..\]lerllal i\@', wllcll a large aIolll is illlel'cllallg_'_!
willi a siilall AIOIII llie lieiglll:>cJUl'ilig _'llOlllS l'('[_'lX io\val'(ls Iii(' silo. llere, we Are iilleresl('_l

]ii (lescrilfilig 1 liese si raili flucl lial ioli$ whir ]lirl lhe _allle kind of til'Sl lJrinciples franiework

Iilal we aill)lied 1o COllC<'lili'alioil tlu('l_lalions. .\]lho_igli tli('._e slrain fllictlialioiis al'(?

ulJi(iuilolis iii llll'l allic alloys anti ]lave recei\e(I colisideralJle <'xperinic.nl al ail(! lheorel ical

allc'illioii t'rolll lJhysicisls, lnelallurgisls all(1 illatel'ia] scielliiSls for llie best i>ai'l of a

]ltliidrecl years, very lilile effort, has been dirocled lo\var(Is olJtaiiiing a fllllv nlicroscol:_ic.

('l('('l l'OlliC, lheor\" of |helll. For a careful discussioli of l liis poiliI see Zl.lllgOr c|.. a]. [2(i].

('oliseqli(:iiily, wliai ff)llows can only be some very prelimiliarv reniarks.

.ks a slraighlforward gelieralizalion of (lie mean field tlieory encalJsllialed iii eqs.3, l.5,

6,]" wo lllav colisider l lie elect roliic gran(I polenl ial for l iie illlioillOgel/OilS COliCelil ral iOli

col_figllraiioi_ {c;} on a relaxe(i lallice. That is to say each lattice point _.0 is assunie<! lo

8L.



, have moved to tl_e relaxed posilion Ii.; = I_ ° + ffi under tl_e i_fttwnce of the composilio_al

(['(al_zaki) forces in order to n}i_i_ize (.he fr(:e-(,n(:rgy _tc'P4( {c, }, {ft', } ). l)escribit_g I ]_(.'to-

(al ¢lisl)la(-(:1)u:,llt fit,ld I.)3, tile set. {t-/i}, going ihro)Igh lit(, argllllwn(s of Gyorlfy alld SlocI,:s

II!tj and 11sii)g the cllain rule for diI[erentiating wiill respect to the local concelliraiiolls,

we Iin(l the following exl)ressioil for tile direct ('orrelaiio)l l'll)l('ti(_)l)

,.,'!2) 4'.'_ '"'"" ,'
' ,.t ' ,J + E -_I.i= '_',l ' (II)

where c_ = .r.g and - and4

' i.i -- 0¢,_1C i (1'2)
• c, .cs--'_ Vi

,Nii a ._ ()Ci()II_' ( [ 3 )c, .c2 =F Vi

<'= (14)
">:.i

Evidelltly, the effects of the strain fluc(uatiol)s on tile shor( range order are described
-(t', II; I

1)v the ]lew response fullctions ,bi.i and _,_) . A tl_eorv for the latter, very interesting,

(luaniitv (note _'u<'i= _.i _,ii':'_,c.i) can be readily develol)e(l.... i;] the limit where the displace-
lllelllS. {IJi} are regarded as small and their etfect on f_c'pa is taken il_to account only in

(he I-larnlonic al)l)roximation. Under these assumptions we filed

_,.i E -I ' "?<' = O..+(i. l).b';, (15)
I.,'/

wl_ere tile static fc)r('e constants dp.,_(i..j) are gi\'ell 1)v

( ){o,}.{a,})
q),, _(i. j) = -7-<777-.7 (16)

(iu; Ota) .,
• _, --.-;'v _:)_I' :% -=():V_

• _,O,C"l'l)e rest ofll_e_lw(,rv proceeds alo_lgli_e.sentirelya_)al(,gous (otl_al for, Li [19].[20]
C /I '_

a_cl II)e el_d l'esulls are complicated resl)OllSe fUllCtiOll for)n_lla_ (for q' J al),(dp<,._(i.j))
..... I1

wllich have 1o lte evaluated using the resulls of a S(I'I:-I,;I';I_-( 'P.k calculations t'o1"a l_o-

l;_oget_ous solid solut ion wit h concent rat ion C..-kithough tile inll)le_nel_i at toil of ( he ( l_eorv

is a major colnputalional lasl,:, the above formulas 1)rovide a fairly concise concel)Iual

fral_ework for conten_l)latil)g lhc influence of strai_ flu('t_lations o1_ the conll)osiliollal

sl)o)'( ra))ged order. 'I'lle extension of tl_ese ideas 1o i_clu(le lo_g range order is also
si raigl_l forward.

Frcn_ (l_e petn! of view of our present ('oncerl_ (here are a COul>le of sinll)le ('onlm(:')_Is
wl_ich follow from tile above co_sideratiol)s.

I St rain ttucIuatiol_s induce an elasIic con(ril>ulioll (o l lte direcl COl'relalion func-

tion S(2)(q) or, in the n_ean field theory (o tile iniercha))ge energy t,(q). As

was stressed 1)y I'(hachaturyan [6], for alloys of large and sll_all atoms this ca)_

be a surprisingly large effect, and hence it, n_ay play an important role in the

case of the Ni<Pt(l_c) system.



• , II (liven tile way elastic fbrces propogate in solids the strain fluctuation cont ribu-

tie11 lo ,SI2)(c_)is holllld to be long rallgod. Illdee_l. ill l ll_' elastic _lipole lilnit, we

,_,av e×pect, co,_tril:,utions which fall off as ,.",'[:)= IRi.ii -:s eXl, (-(IRi.,). '['l,_ts
l lie l,rol)lella al halld is like l ll_t of dislocations wl_ere b-_lll file sllort-ral_gc_l

1.,enols, il_ l lw core. and lhe long l'ange_l, elaslic, t'orc_'.s are _'_lllallv imporlant.

I"l'_,J_!l]lis l_Oint of view. lho til'sl l_ri_lcil_lcs lll_'all-fi_'l,1 lll_'_rV Illetllo_l a_lxo-

calc_l hero is 1.,arlicularlv l)vomisillg sillcc il re_lllircs _'alc_llati¢,ns ii1 Q-space

all<l /reals tl_e small and largec- ili_itso_ equal foolil_g. 1_ Ibis rcspccl, il is

quite different, from supercell or finite cluster based mellmds [21]. These co_-
' ]sideralions are also releva_t lo lhe apl)licability of ll_e (o_'no lr-Williams Ivpe

of approaclms. Clearly, to account, for large elastic inleractions, the effeclix'e

Ilamiltonian _nust. include long-ranged forces for which both lhe C\:_XI and
the _lol_te Carlo method become difficult to do. Fortunately. as was recently

demonstrated by _larias et al. [27]. under these circumstances the mean-field

lheorv 1)ecomes a better and belier al)proximation.

ttaving scetched out a framevcork for treating the effects ot" slrain fluctuations on the

ordering process lel us rolur11 to the dilema posed by ll_e results of lhe _o_-relalivislic

theory. To begin wilh we note. lhat ft'ore eq.ll we have

1

i.i

= _ .. '-,._ + '>ii 5i.I
"\" t,/ . "

1 ( (_)_ _(''J_" ( (" (1) 0'2_('P"'((',(I)_)(/)
= .\-': Oc 2 + i)ci)a i')c-'-'[

1 (o'2_c'r-'''(c'c')) (17)

\Vh,'re _; is tile lallice constant which is assu_ed Io lte a t'u_,'tio_ of ll_e COllCe_llralion c.

Il_us. as a_licil)ale_l al lhe end of tl_e 1)re\ious seclion. !l_e _live_'l covrelaliol_ t'u_cliol_ al

ll,e F-l>oi_l is ,,_;i\c'_ 1)v llle second derivatixe of 9.cr'")(( ".,). l]_e r,l('clo_ic gra_ld pole_)tial

for l lte relaxed lal lice. T1)e dol-c.lasl)ed line i_) fig.:} is our co_)j(-,cl_lre for __<'Pa tc. o ). I-Iel_ce.

as I)efore. we cow,elude thai tile disordered pl)ase will lte _l_lslal)le 1o phase separalio_ al

7) _nless a_ ordering instal)ilitv illtervens.

I_teresli_gl3. s_c'l] a_l un_sual civcun_slallce }_as a goo_l clla_ce of occurring i_ I]_is

svsten_. If we assume Ileal tile conlributio_ to .%12)(_) lt\ lhc slrail_ t:lucl_lalio_s are of ll_e

cl_slevi_g type for all {_ lhen. 1)\" taki_g ll_e Fo_lrier transt'or_l of eq.ll and wrili_g

= .s (c1)+ ({1)-,"/ci!. (is)
O

we arrive al ll_e conclusion that S12)((i) is given 1)y a sum of two sets of peaks. The

_,_li]3{:'_'s of oi_e set are centered o_l Ibe F-poinls and are 1]_e co_lril3ulio_s l'ro_ ll_e

secol_d term in eq.18, whilst lhc second set are located at the X-points a_(I come t'l'O_n

llle first, term. .-\llho_lgh possible, ii is u_llikely tidal the superposilion of such peaks

will result in monotonic behaviour of S{")({]) and o((i). In short, along the F-X li_le we

con.iec,_ure a two peaked slructure for o(c]) in a non-relativistic theory that includes strain

t]_('tua!io_s, l_'l_fortunatel\', as the teml)erature is lowered, wl_ich ot' tl_e two gives rise

to the first inslabilitv will be determined only when full calculatio_s of tl_e _ew respo_lse

t'_cl}o_]s in {:'(1.18]]ave 1)ees calculated.
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• ' Ne\erl heless, it, is inslructive to analyse tile above ILVl)ollictical siluation a bit, l'urlller.

()f collr_e, ai T = O. llle absol_lle ft'ce elwrg.v lllillillmlll is lhat of lhe grollll¢l state wllicll,

giv_'nllle grollll¢i siale search of I.ti _'! al. [l-1]. lnay l_e saf_'ly assliJll_:'_l 1o I)e a pllase

sel>arale_! mial e. l lowever, reacbilig lhat. sl ate t'rolll lhc h¢,lnogeneolls solid soliition pliase

will he ,litt ic_lll if lllere is a sizable ¢,r,h'riilg p_'ak. _'w'n it" il is liof larger l llail l lie lWak

;-iI ill,' z_,l_¢'celllc.r. l']le l)Oilli is lllal ii" ll,'ar<'sl lieiglll,ollr excllallge of aloll_s [avollrs

_lnlik,. l_,.igl_l._c,ur pairs lhc svsi_.lll will liave lo wail t'or I_llg. lwrllai_s a._Ironolllicallv
Ioll g. i ill_es for a slliall _ clusleriiig lype tlllcl_lali_,ll wllicl_ c<,_ll,I _llliil_alelv h'a,! 1o l_]las,'
separalion. ['hus a likely outcoi_le of cooling ai nioderaie ralcs woul_l be a lnelasiable

ordere¢l siale. Clearly. finding real sysleins, as Ol>pOSed1o l lie above hypolhelical noii-

relativistic Ni_.F't ___.alloys, with competing instabilities would be of great physical inlerest
',)S[-].

Finally. let. us speculate on the outcome of a relaiivislic i]leorv lhat. would be directly

relavent to the experiments on the NicPt__,. alloy system. The relativistic calculatioiis

of Lu et al. [14], displayed in fig.:], suggest that the cortiributioli froln strain fluciua-
lions are redttced on account of a relativistic contraction of the Pr, atom. Indeed froin

our conjectured plot of flc'PA(c.(t) for the relalivistic theory shown in fig.3 we expect,

(O.o.cP"_/Oc _') < 0 and hence the pliase separalion instability to be supressed. At, the

saine lime we do liot expect ,q,c._-(q) to change very much. Iii supl)ort of lhis expectatioli

we show iii fig.4 tile densities of states for the Niu.aPt0..s random alloy from non-relalivislic

1
.,-.rr"
tO'_.

03 15 - - - _i -
_'*-" -e-,* , I I

O_
,o t1,' _ .

."'" .......... ,. I ..... I I

' - ..'" ""............ I. :'..1 -.,... / ...j.
0 L J I i I I J | _lli_l*/i J .... [ .... I _1_ t i " " I J ' I I • ' I-__" l J I '" • ,

-1 -0.8 -0.6 -0.4 -0.2 0 0.; -1 -O.B -0.6 -0.4 -0.2 0 0.2

Energy Flelativeto Fermi Energy (Fly)

Fin._lre 4" .Non relativistic (left) and relaiivislic (righi) S('F-I';I,tR-('PA densities of slates
(DOS) for Ni_.aPio...-,. Solid line: total DOS. l)a._he¢l line: Ni-colilril.)ulion. l)oiie,:! lille:
Pi Colllrii_ulion. ('1- large sell' ('onsisleliCV l'e(lllCeS the effects of tile lliass-veiocily ali(I

Dar\vili |el'lll._, _-tlld llle relaii\'islic aiid noii relativistic I)Ob's look sllrl)risiligly siliiilar.

coilfirlliiiig, ill_lirecllv, liie validiiv <_t"liio iiolirelalivislic apl>i'oacll Io XiPl.

and flillv (Dirac equation [29])relaiivislic ,_CF-I{I,_I/-('PA calculations. ,b'ul)risingly file

(litTei'elices are slnall, pariiclllarlv iii the hyl:,ridized d-band complex which, it will be re-

called, is llie regioli iii lhe deiisilies of slales identifie(1 by Piiiski et al. [13] a.s givilig rise

to the X-point peal,: in o(q). Tlius, we inav assume lhat ,S'<"<(q)oblained oil llie basis of

a fillly relalivislic lheory will have a negalive lJeak at lhe zone boulidary as before. Tliis

suggesls lhat o(q) will have the sanie shape as iii ilie non-l'elativisiic calculation wllose

reults are sliowli iii fig.2.

Iii sllml/larv lhare are lwosize effects operaliilg iii ilie l)roplelil" one works lliro_lgll
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, • strain fluctuations and leads to reduced solubility, the other is a manifestation of the

, random overlal)s of atoms and can callse ordering even xvheli the band filling argt_mellt

i'ax'ollrs clustering. Evidently, in the conlext of first pr(lie(pies quantum mecllanicai cal-

culalions (he first was discovered by L_l el. al. [III and (lie second has 1)(:en ideI_lifie(1 by

Pillski ct al. [13]. The cause of ortler i)l lhe Ni0._PI().s alloy may then be d('scril>e(! as

follows. The relat ixis( i("coli( tact ion oi" lhe Pl s-orbi(al [1-1]e!iminat(:.; t lw _ = 0 insial)ili( v

all,l (llevebv SUl_prcsses illlmiscibili(v a_d (llerefore allows (Iw second size e[Feci lo _[rix'(,

(lie LI0 ordering process. If su[)sl ant ialed 1)v explicit calculat ions i llis explaz_at ion will ft!

nicely witll lIume-Rothery's general conclusion [2.5] lhal"

"'lt is lherqfore 1_atural that, proeid_d the .soh'_ul and the solute atoms arc o,f sufficirotl! I

similar size to permit tl_e formation of a wide .solid solulioJ1, the tendencg to.lotto .super-

lattices increases with il_cre.asio 9 d(t:f_re,nce. in atomic diatonic, rs. since the greater this

d(t'fer(uce, the gre.ater lhc strain lo be rtlieeed. Thus. superlattices are.for,Td in the sg.ste,m.

copper-gold, where the atomic diameters are Cu = 2.,54A'..4u -2.88 ;-[ but nel in the

.,,'gst(m sih'(r-gold, where the sizes o.f the two atoms are _early the same."
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