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ABS T RACT

In tho prosont work tho oloetromic structuro of
tranoition motolo and tho formntion of intorocdsato
phoson 4n teonoition motnlo including rofcecarth olc:ménﬁa
hovo boon povioucll, Tho importoneo of tho clcetromde
foetos in tho formntion of intormcdinto phordo hau boon
onphaoiecd, Tho occurroneo ond otobflity of iipmm, Chi
and Loveo phaecs foencd anong tionoition cotalo cro |
d4ceuosed in torns of tho formation of otoblo cloetronie -
conficurations propoced by Somsanbv. Gleetronie cwro&m;@m
progontly dono havo sugpootcd that ¢ho 0ico affoets oro moroly
tho eoncoruonco of tho elcetronic statos ond tho stobility
of intormcqdinto phabes can bo cuscopsfully intorpretod om tho |
baoio of octoble oclectronic confipuprotions Lormcd by componont |
oleuonts in tho eomfonscd stoko. Tho aompam%i%ly_ lapgo |
aifforonces in SuAsCa® of tes eocmercntn et o _ S
no horogonoity Fonges vhoross tho sanller difforoncos in §
gUACe &5 givo rico to larpe horogonolity rangoo in Gipma phasod,
¢ {0 noted thot tho fornntion of oStoblo 45 confiturotions
aro nos?:inteﬁ vith tho stabiligotion of Hgimn-Lypo, thicrons
tho otodlo amconfigus'aunnﬁ 0po moro favourably rooponciblo
tn tho otabilicetion of 13Cuy-type Lavos phnneq,
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CHAAPIER « 1

IH2RODUCT IO

Tho noeo iamtoprc@ioto phaco hoo boon esnemly asoigncd
to ony nov phaco Loviod dn o rwltiecotpanonl Oyotc, Reeontly
this torm hat boom uocd to imcledo tho ordored phocoo
{ouporlntticon) rooulting fron tho otevie m’ﬂcﬁ'm{; of
pripary 00ldé coluttant, fThooo phocos may ot oxhidbie tho
long ranso ordor et olcvefsd lsmporoturcs byt con erdop ot
lovor tomporaturos, For tho intormcfdiato phacoo orhibiting
irnap ranse ordor ovop tho ontiro Comporaturs roanzo of
ofobility, tho corc rootrietivo namo intorcotollic cempound
1o uecd, Thooo phasat udtually ocenr ot o 4ofinito atonie
rotio ond moot ofton OMibiC o noprey hornponcity Penpd.
™ho hooogenoity rangC moy FPooult by the fornation of
voesneiod of by tho omall dooronso in lomg rongo ordos
(formntion of o 0lightly ramfon Colid Sclutionls Both thooo
pochonisms may alco Fooule in nomentoiehicnolric corpoundo
(1.0, eompoundo vhoco conpanition rPonco of peLobility dooo
not inclefo tho compocition corposponding o $ho fully
ordorced otrueturos

in oouy eosos tho intornsdionto phaodd can ongod

ovOP 0 PoAgo of compodition, Thoroforo, for o brecd
alanoifiontion Yo typos of fatormcdicto phuton may ko
rocopniccistho phaoos otablo evor vido eonpouition rangoo
nnd tho phacoo otablo ovey o narrov ¢onpsrtitlion Ponrle
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Tho £200 omcPy curvo for bath typoo of phacos ad o
function of compooition vill have tho UY Zerm ot
conotont tomporaturo ond proocours but for o phano

ptablc ovorp o vido compooition Fonpo tho curvo 4o

‘drond Challow? inmddeoting ¢hot €ho phaco ¢on oniot ovop
‘0 Vi40 eorpasition PonnoO, Oinco o chorre in conpooition
of tho phaso Goos a¢ Folco tho £rCO cnorny approcicblyy
vhilo faor e phoso otablo evor o narpoy colpsoition Pongo
¢ho eurvo 40 'morrovw otoop® tvhero tho ahencmgzho
conposition eoloon tho frec enorgy opprcolably, duggosting
hot §t 48 only oRebio ot o Gafiaatm conpooition or gucy
1 VORy RoProv cemposition Pomzo (Pigei.n)s Oimeo tho
por¢ind cakey froo cnawsaob of tuvs phordn im oquilibrien
st bo oquol, tho pointo of eontact of o Cormpn tonnont
£o tho £roo onorpy cupvos of 8inglo phacaa givos ¢ho
composition of coch phocd &n oquilibyiun ot thot
tLonporatords Tho paditiond of fPOC CRORQy ourvos vhopo
o nonotoichiomotric phaso ocsurs 10 0o dwwn in £1ge2(D),

Thero aro throo wain f£actors controlling ¢ho
éﬁﬁbil&%y‘of intoracifioto phocooe tho atonie 9400,
§olated o eodius rotiod and geso £illindg tho oloctren
concontration, rolatcd o volonso ond coupooitiong tho
cloetronogativivyy rolated o chawpe poelopinotion ond
ctoichiorotry,

Tho atonic 0400 foctor 40 poncrally dficewdccd
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compPosITION

FIG.1 THE FREE ENERGY AS A FUNCTION OF COMPOSITION AT
CONSTANT TEMPERATURE FOR THE INTERMEDIATE PHASES BANDY (a).
IN FIG. b,THE RELATIVE POSITIONS OF THE FREE ENERGY CURVES
%, B,AND Y ARE SUCH THAT THE COMPOSITION RANGE OF STABILITY
FOR THE B-PHASE DOES NOT [INCLUDE THE STOICHIOMETRIC
COMPOSITION AT THE MINIMUM (AxBy).
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in tdﬁmb‘of redluc ratio of tho ofone and 8¢ hos beon

found that vhole familioco of 0L£o focter phaoos sueh ab
ABy - Lovoo Phoooo form bacouoo of tho toco with vhich
atons of a givom redinc Fotio con oot nffie&anelylfili

tho spaco,

Tho relativo valoney factor r0fosr0 ¢o tho
d4gforoneo in tho volonefos of h0 COEDONCHE otomd, ond
0 4icousoed poncrelly &n torpmn of thu chonning clootron
coneontrotion (oloctronn/otom) within tho lottleo, Tho
olectron concontbation 48 tho meot important considoration
for tho formation aong stabili%yvof cleotyon conppuRds.
nlehangh tho formation ond otabllity of Loves phaoos aro
noinly dus to poomotricol sico factorsy tho olcetronic facter
16 apporont in a nupbor of ¢acobs Arong tho theeo foctors,
tho olectronie concontiation footoy 4o of ﬁ?‘imry
inportancCs, Intorestins corrolations ihich omphasico tho
influoneo of ofay aro particuvlsrly ovidont, Lof Onowplo,
fron otufion of conotitution of toranly Oyotomo, WICKFO
Sigmay Chi, Fu ord othop ouch phesop froguontly form moprov,
olongatcd phaso £30ido thnt appear ¢o feollov approzninatoly
conotont contours of o/n rother thoa atomic rodiud rotio,
ond vhich chov charretorotic ohifto £ron oystea Co DYOOD.
Bxomplen of Goponionco upon clocttonie faetors oro aloo
providcd by tho bohaviour of ossontiolly otoichiorotric
phacos cuch ag tho fanily of Tig N4 typo phacote ThO
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influonco of cloctronic factors 18 of particulsr fignificnnco
4n Lovos phnsoo in Gotormining both ¢ho typo of structuro
and tho Pongos of otablilitys The thpoo codifications,

g Cugy ngaa'anﬂ HoRig, oceur in sovorsl tornary syotoms,

- ond tholp Pangos of stabllity oro cloarly dopondont om ¢/n.
¥hilo 4t &0 ¢Puo thot tho Patio of Pedii conctitutos on
fioportent parnmotor 4n otabilising the Loves phososy vhich
particulor structuro io chooon appoors o bo polated to tho
Qonoity of Dtatos ond tho intoraections botuoon tho Forni
corfecc ond tho Brillouin nonoe Our oojor diocusoion of tho
intormedinto phases willy thoroforo, bo bascd on oloctronie

considorationns .

Tho olectPonapativity of on cleoont of aton 18 o
wansuro of 18 tanﬁohuy to accopt valoneo oloetions and,
thoroforo, tho rolativo oloetPonegativitics indicate
gunlitotivoly vhothoy o nnt\ﬁ ney phoso 5 likoly o foéa
apd thus vill aloo inflceto the noturo of tho bonding in tho
 phosao, Yhoa tho olooctrochomicol factor 10 predominant, tho
olootrochomienl of Coronl voloney compounis apo formods

Dopond ing ﬁpon the obovo throo foctoroy tho
intoreodioto phapoo in alloy syotcad afo groupcd droedly
into throo mnin c;aaEQQn

o) Bloctrochomicol or Hormol voloncy conpoundste
b) Sioe foctor compoundo/phosco ont
¢) oloetron conpounin/phnscs
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Tho oleetroohomiesl eompounds afo forncd vhom ono olomonG
40 otrongly olectropooitivo and tho othor 4o ostrongly
oloctronogativos Thoir compsitions aétaafy tho normol
voloney lsvo and in gomorel the range of Solubility in thon
4o smoll, Thoy hovo usuplly high polting points, Thoro oro
tvo e¢laosoo eorrooponding to tho tonie and covalong bonding.
Por tonic éompounﬂa tho atomic wmnammﬁ o ouch ¢hat
eloctron tsonofor onables tho atons to athiovo o roro goo
olostron comfipgurntion. Tho covalont ﬁypé of compounds folloun
the (BoF) Fulo, GOED OzAmPROS aro Vit t‘if.?&g Go, Gn or Pb),
t;ig,-;; (P, %, Bb or Bi)g o Mg (5450 or ¥0) opd.Zno,

A largo numbog of clockrochomicol compounds oro
fornod vhich pooooso ﬁwl@ CaPg, Diomond, Zine Blomiog
Hurteito, Gilieon cavb'iﬂa,, or UiAS, typod of structuros,

Huno I‘:othcx'yaoﬁmt obscpvcd that over s wido
ronge of alloy systomey phooos of einilar cryotal structures
ape formad ot tho seno raties of voleoney cloetrons o atombe
Thoso phatos aro tapmed olcotronm coupounicd, Tho olestpon
concontrations (o/n retios) ot vhich thoy woro obsorved,
.aro 3/2, 91/1.3 and 7/4 r-ampacmw}yﬁ Goxs oncuplos of

oloetron phincos aroy

YAo Body <Contorcd Cuble (B «drasn) otrusturo, o/ac 3/26
(Cuydpg ov An) ZnCuBooAp MnoCug AL, Cug 6y
(CG‘,BS. or FO) Ai@
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1B, Complex cuble (- ln) structurc, o/o a 3/2.
(Ag oF Aulg AL, Cuj Si, Co Zuge

1€, Hozmagonsl clogo pached structuro, o/o = 3/3.
AG CAy Cuy Goy Agy 5D, Cug Gos

¥¥  Complox Cubie Of-braco) ctraeturo, o/a & 21/38

{Cu, Agy oF Au)g (Zny op Cd)py Cup Akg, Cuny Sﬁgg
(Fo, Co, N, Pa oF Pell Zmay

IIT Homoponal cloocd poclkicd (€-brans) Struoturo, o/oc?/G.
(Ca, ag or Au)(Zn or Cd)gy, Cuy Smy, Cu Doy Apg Alg

In ééwmnmg the cicctron concontiotiona tho
tPonsition motals vworo aooigncd goro valoney. Thio io
portly omplaincble on tho bools of thoip oloctfonie
structurosy in thoir slloys tho $nconmploto ovtormost @ band
hava to bo rillcd vhom tho clectron coneontration 46 o
ineronsed, and furthor tho outermoot A band will alsﬁ bo
conplotcd vhieh will rcducod £ho contribution of theoso
notalo to tho £frooc oloetron elouvdo

Dloetron phoeos aro alco found &n ccplain
tornory alloy oyotcmno ot ¢ho app?ob?aaeo concontrationoy
ond {n gonoral thoy cop oxlet ovor o tnold rango of
conposition about tho onnet Patios Both ordored amd
diogrdorcg diotridbkiono of atons cro Lovud,

Tho cxiotaneo of ¢hoco phosos 40 o Gircet
conooquonce of tho naturo of tho rotollde bondy 4% 4o
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;::vsaone Chot ¢tho otability of ouch ;'J pm dopordn
ococontiolly opon eﬁn clect%’m aambntm%mn and tho
patiorn of otonice 04C0n, vhilo tho oetund aamzmm
of otons acongot those oitos e of minor fnporlonsds

8180 foetor phocos oro of {uo eoin Wpoog thooo
horo ono aten 40 cach: cnglicg thon tho othor, ond Shoeo
whoro tho diffoponec in ntonie diomotop §8 not of ouch
o high ordor, In ¢ho £irot ecatogory, foll ¢ho iﬂ%ﬁ'omﬂ.ol
conpoundo o Higg epapoundso, which ore hydridoo, mwmdo,
corbiSop ond borifos of tho tranoition zo%0lo, fn vhich
tho canll peneotnllic atonmn HyByColl and 88, %ako vp
ﬁnﬁe?smtial pooitions botuocn tho motallie ntomo, tho
loteor uounlly feorning by thomsolvos o conpldeto eloco
poehcl strueturog of o olightly dicordcred form of tho
strueturo. Whon the redius ratle Bn/Fy 4o loap thon
0.69, tho otructuro of imtormedioto phocos 10 oimplo
{commionly €.CsC OF CoPshe 0B ocensionnlly DelsCog
53@1«: hozoronnl or olipghtly dioCortcd Lorm of ono
of thooo) opf uounlly ecntercd obout compositiono of tho
oimplo fertulad iR, I’y X, Iy & ond [May vhoro Il opd X
roprosont £otnl omd nommotal otons poopoctivoldys thon
tho Potio of the redif ozeocqs 0,89 tho intersticoo aro
o longor lerpo caouch to hold tho non-rotal ostomo
vithout diotortion ond coro complicatod otreeiamsas oro
thon forncis In Chio clang aro tho corbides o Crpy 1MeT0,
Co ord U4 (Ru/fy; o 0,60- 0,61) onl tho borfdcod of Fg ond Nfe
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An ioportont group of ¢ho oocond entegory vcro
difgoronco in ntomie dlamotoro of o motodos A ond B g
46 mot lergo and tho redif rotio op/rp o 1,223 valch do
tho 4dond pediup rotio for officlond packing, are tho Loves
phooos of tho goncrol Loriula Ay, oxoomplificd by ¢ho
throo prototypo strueturosshglua, 1'aZay ond Mg Bﬁép Tho
dotoilcd diocunsion of Lavos phogos will Lorm tho cubject
of ono of tho lotor ehnplorv,

™o totnl nunbop of binngy oystomgo dofincd by
conbinations of ¢enoition notals {0 lopgo amd o far lapgos
numbor of Dyotcos Posuly Lrom torpnary combinationo anf
cochinotions of 0%4ll higher ordcrSs Fho :!;m@rmcﬁinto
phavon Loreod by ﬁ&'unﬂl‘t&on aotal o o¥o ofton concidored
08 0opaFoto gPoups, Howovor, tho onjor fharo of tronoition
netol phnsoo £all {nto a monsgoatlo nusbor of structurce
typo fooildos ond thoso fomilict of isostructuenl phncoa'
"~ ean b0 elaboificd in Lvo groupds |

l; Phages uith f£incd DloichionotPy oo £60e phocos
vhich occor ot oinple and o3P0 OF loop fnvariont
ptodchioroteie Fation and vhich reprocont o Fothe? wido

varioty of otrueturo Lypcls

8, Phosop vith variablo eoupoaition o ,0 phoacos
vhoeoo conpositions ohiftc fn a rczulcr monnce Lron oysten
to oyotcm ond of$on havo wifo ronses of homoponoity.
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A 2implificd rosuno 4o chovn in figuro 2 for bimary
combinations of an clcaent of tho Bey T4y ¥ or C¢ group,
tho A componont (en tho loft) with on olezont of tho la,
Po, Cog WL oy Cu - group, tho B couponont {en tho right).
Tho Gingran inecludos o vopy largo nuohopr of tho phasoo
thot aro known to occur thouph othor imtorcodfato pharoo

may oles form &n cono cystomd,

- In binary oyotoms ¢ho intormedialo phocon of

varisblo ctoichlomotey aro tho o (Sigmn)y M (1), ard

X {Chi) phasod, In topmory systomd trn structurally
reloted famiiieﬂ of P nond R intopmciioto phasos appoar

alco having voricble compositions, Procoofing frem tho

A componont ond, tho phocos ocowrine ot £incd otoichiomotiric
rotios hovo tho follouving otructurcss ot Az B tho Crz 8%
typos ot A3B tho Tdp N§ typo or “ote-carbido” typo, tho
¥oSis type and tho Copla typo (CU1G)y at AR tho Cp CL Rjypoy
at ABy tho MgCuz type (C16), ¢tho M3aZmg Cypo (élé), tho
piaa typo (C36) 2ypo Lavoo phoses and anothor proup of
oSl typo phaooty ot ABy o group of clouSepachcd ordopcd
CUL2 otrocturooy ond £innlly, at the AB; composition tho
Uily Cypo unﬂé tho CaCuy typo otrueteros.

Fop tho olloyo of tronoition notolog in

por¢icular binory olloys of group IV,V op VIA olcoontp
vith an oloment fron group VIIA or VIII, ho follouvinn
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Fig.2. Occurrence and distribution of intermediate
phases with fixed and variable compositions
in binary systems of transition elements.
The A component.is.an element of the Sc¢,Ti,
V,or Cr groupj; the B component is an element
of the Mn,Fe,Co,Ni, or Cu group.
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togquonco of strustusoo 1o oboopveds

DeCoC o et = Cﬂsﬂﬁ——H 6 = phosod -—'r/uphaao.—.)( phoeo

(Colid ypo : 1
solution) ‘
LeCuln < : Ce Polle
- polid phaoor
solution

Howovory Oord otruocturas moy bO olsoing £ron the soguoneoy but
tho ordor of appoafoneo 40 alwoyd the sand vwith ineroosing

cloetronie comeontrotion,

In tho nont fov ahap§o9a@ oﬁly,the=nuvaa phacog, Sigen
phasep and Chiphacoo vill bo diseunced dn g0 Gotolls Tho
stability of tho abovo intormcdioto phosod vill bo discuoced
?md intorpproted in torms of tho latoot Stoblo Elceetronie

"
“&far tronoition

Gonfigurotion Model propoocd by Sansonov”

ratalo, Thoroforo, it 1o nocosoory ¢o havo on incight into
the olectronie otructuro of the trancition notnls boforo
discusnoing the alley chomistey of tho Conoe The parpose of
oueh ¢ d4ocuscion bancld on the eorgolntions from tho
dval&ablo*ﬁ ova¥c ¢® voluop for troncition motalo 1o %o
provido o nov orioptation in ¢ho otuly sf he otobility of

Antornciiato phocode
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CEAPTER -~ IX

8,3 ZUIRODUCTION

The tranotiifon motals vhich aro of importanco, both
imdustrinlly oni from tho point of viov of geilontifie
netellorgy, oro defincd as those vhich ® occupy ploeoeo 4n
the poriodic tablo of tho olcamants vhoro crupo of B
(ﬁgpgl oloofrons, thich pequiro o proviniomnnl amhilﬁw
in ™o otomd of tho inore panos, onpari inlo proupd of
18 (32p%20) oleotrons by tho bullding ap o? an (#g)*®
ﬂubaﬁoup'ﬂlﬁgg

Tha teansition metols occupy throe horizentol rous

" 4n tho Poriodic Todle, with the alkaoli motals at tho
boginning of each'rw ( or porlod) ond the noblic gasoo at
tho onfe If n donotos tho guontum nuaber of valoneo
oloctrons, tho cloctronic cmorgy lovels of the froo atoms
chmg;& from tho ordop no {{n=d) &4 Lmp in ¥he alkoli motalo
and oorly teancition clouonto to tho ordor (nel) ¢ {nolap
in tho lato tranoition clcoonts and tho noblo potoloy with
tho rocult thot olong oanch rov tho ordor of ¢ho 0 and 4
ntatod i genduplly rovepccod, On forning cryotollino
001440, 0omd of tho dagencrate atenfic cnorpy iovels
trocdon into borin, but tho como goncrol 02f0et 40 ozpoetod,
vith cacegiod of 0. ol 4 o%otor agoin erolodng ovorp onlong
onch Fow anf Fosultinmg 4n nOorly the ooxo cnoggy in scvorel
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intorncfileto olenonte, AS a consoquencet of this thero uwill
| bo o tondonoy for somo of tho Olomentt to oxnist in hybrid
A3 otatos ( or mined atomic orbdbitals). At tho some timo,

on moving olong o transition oorlics from lofe o Riphe,

tho p lovolo aro loworcd noaror to ¢ho o lcvolsy co thot
vaon tho £8 hybridiration deercoses in ¢ho lato tranoition
clonent0, tho Sp hydbridication incronsed, Tho .84 and

Spd hybém ication should givo pi m?ﬁhﬁ gitrong cohosion
(bonding) and co o moxicun 4o tho strongth of bomdiing con bo
onpoeted como thoro in tho niddlo of oneh poried, doponiing
on tho cleectronie strueturo of onch particular olamon%lga’?

Juiging by tho onporimcnteol datn ouch as melting

pointo, hoato of osublimation, lotliec &ponoingo, conprosiie
bilitios, thormal onpancion Oteo., in tho Lirst long period,
voniing inorenses from group IA to pgroup VA, with mangancso
showing ebrormally vook bording ond Foy Co and 11 a!msm
strongor bonding ond 11ttlo ¢bongo on padsing from Fo-»Co—»Ni,
In tho sccord and third long porioda, tho otrongth of bomding
increaseos upto, proup ViA, remoins hitﬁ{ in groups VIIA and
C YITIA ond thon £ollo on passing fron RU-vili— P4 of OB—>Ep—s
Pts Alepy on passoing down along voreicsd coluans botwoon
tho throo long porliodn, ¢thoro 15 o oteibidng inerecco in
bonding aso ovidencced by tho highop noleing pointo, Houovop,
¢ho olcetronic thoorios of tho transition rotelo oro very
conplicoted arfly 0o yot, dnconploto i thout any rool

quantitativo thoory s
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Thero 40 foirly goncral agroomont on tho cloctronic stato
of tho olenento R-»T74 in tho Fipot Long Poriod ond from Rb-»lte,
on8 co—La (Rarc onrth olementso) HE—-Y in tho Socond anf
Third Long pericdo, In thoco viomonts all tho ontor
cloetrono oro involvcd in tho echosion ond pll 4ro dn
hyteid Apd Btoton, Por tho lattor olcments, vith tho
poopidlo oxcoption of divalont mangandoo, thoro 4o ngroccont
thnt tho outor.mpst & olectrons ar0 concerncd in the cohosion,
but both tho gonoral pochanioms ond tho oxoet dotoilo aro

in dwputo‘an

Thoro aro tuo moinm Ochoolo of thoughts oF altornativd

opproschoss «

In thoroo thoorics thero 12 no choryp division
botunen bondin: (nenlocalincd) and nonbondinn {loeelizod
atomiec) cloetrons and oll tho Oloetrome outoldo ¢ho sholl
of the proeciing arc oo aro roporded as conttibuting
te tho cohovion, The brooks in fho soguonce of physical
proportios aro thon Fepordcd as 4uo to an inerosgo 4n tho
ropuloivo noturo of wavo-function. Subjoct to oloplifying
ancanptions, tho @olloetivo«oloetron thosrios can bo
dovolopod maﬁhomatwam;r%m, 0o a® Lo colceuloto physical
proportion vithout introducing nuncricnd conolonto
dolibcratoly chocon Co £4t tho foeto. In this donboy tho
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Collootivo oloctron thoories aro " bottos" thoorlos than
tho ?bnlinﬁ opproachen, but unfortunatoly tho assunptiono
redo ore to erudo ond npproximato that 4¢ 48 not justifioblo
to cpitienlly comparo tho rooults vith the facts, With-in
theo purviow of Colloctivo olocteon thoorics £olls tho focoucs

clapoical Bord Thoory of Lot ond Jmtwmo_
23,824,285
2,2,1 9y

liott omd Joma%dxacuéaea tho structuro of VIII grouwp
olenonto Fo, Co, anf 14, Thoy troated the cloetrons
colloetivoly, vith tho vholo aosonply piving Piso to o
bond or bondo in vhich tho numbor of unpnircd opins per aton
corrosponds to tho obcopved oaturetion moponts {(Bohe mhgnetons)
but in vhich tho mognotie olcotroms nro rot truly lecnlired
and aould contPibuto teo tho Porni surfoeo. Thoy ignored
tho 4p oleetrons and as o rosult thoy fourd tus distinet
high narrov (34) nnd lou broad {(4ag) ovwlewing bonds dorived
fron tho (24) snd {40) statos of tho f‘rw m:oma (£13.3),
. Tho oohosion vos rogerded olenot anuww/ to tho (40)
oloetrons, In orios to produec ferroncgnotism thero oust bo
o ‘pr‘cdominanco of oloectrons uith ono oping honce tho 4 bond
16 oubdivided into two hypothoticol subbondn, with "holoo®
in ond Cubbond boing rosponsidic for unpeisred opins, On
pacoing from 1L o Cop Cho ocaturation coanont ineponses fron
{118) 0,61 Mp o (Co) 1,72 Up, and from tho vicy podnt off
tho thoory of ottt ond Jonoo , tho poabition for Co rooomblos
thot of U4, uith moro holoo 4n tho G-bande A oimdlor
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pieturo, but vith otill waro holeo in fhwo &»ahollngas £irat
proposcl for Iron, but thio led Qo groot aﬂﬁficulﬁico beeousd
$f o patupotion coront of QGQE/ALB for Arong indicotcd 3,23
holeo in tho G-barnd, tho lattor vould contolsn 102,22 o 7,78
olactrono ond thus loavo only 0.828-0loctrons pap oton ¢o

4,13
cecount for tho cohosiom ,

Tho obovo rolol 40 cloprly ﬁn oprTozinato modod sinec
3% cafc no Gotoilcd provicton for hyOriGiced ototos, This
cofol hno £ailcl ¢o cnploin tho otrong bLsniny im tronoition
rotols ond dooo not vork vwoll ¢odny, but 4N somo eacoo 4t
offors o goof onplonption of cortain phyoical propoptios.

™o inndogroaioo of hand medol or colloctivo oloetron
thcorios, promotcd to hove o G00POF vioy of tho sceond Cohool
. 6 ’

e@s‘ :

Tho socond approach vhoro tho 84 olootrons oro
considorod to Bo partly bomding (nonfocnlized ) omd partly
nonbording (atonle or ldealancﬁ) in poturo, woo pionoopcd
by ?uuxansgggag A mombey of mfole or hypothosss havo boon
dovolopcs 8inec thon vnieh foll enicr ¢ho Povling®o ochool
of thoughty Thoco hypothotoo or msdolo ore diceunscd horo
bricflys

2,5,1 PAULING'G HYPOTHCHLS

in tho Pauling Hypothooioc tho tropdo im cortoin
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obcorvcd proportios and in particuler tho mugnntic sntupotion
Qosonto, voro nanﬁmﬂ Lo b2 tho conooquoneo of oono of ¢tho
d« ocloctrono ontoring into loenlipcd otooie (or nonbonding)
d-0rbitals, Qoceribsd by locﬁlinéﬂ vavo functionde Tho |
poonining G=0lcetyrons woroe rogorded oo forngng hybﬂ.ﬂ “pd')
0Pbiols 4n aosoeiotion vith tho § oné p olcotrens, in vhich
oloetrons continuously oxmchango positions {(Povonato) amd aro
roopanoiblo for rotallie bondinge In ¢thio selcme o papicun
of 7,44 clectrono 19 considorcd to bo in locnliped otouie 4
orbitols and ot ooy D4R oloectrono contridbulo to bond
fornotion. Mony outhoro conoidor tho Pouling tndol une
sotiofactory in thot it giveo no rooson for D0 difforoncoy
botuwoon ¢ho propoption of tho olomontso in ¢ho £iroé ord lator
%ﬁs poriedo (socond and third)s ond In ateriding oquol
vnlmiea‘ to 0ll the olconto of groups VILVIZIC in ol) tho
throo poriocds, ond in that the scheno oes not ofrco vwith a
nunbtor of physieal pmpartﬁ.eaf.’ A modificotion of tho Pouling
schomo propoctd by Humd-Rothcry, Irving ond trmmm?ltnkca
into oecount certaim onporinontal detn as voll ao voloneios
of tho transition olcmontsd oo obuorved in imorgonie chemistey,
but rotninp coc2 oo of ntomis QPbi‘%ﬂl_ﬂsﬁ o pomowal
nppreach of tho Pouling Hypotheoio, 4o ofton tho bostt woy oﬁ'v
intopproting ond gomorslizing alloy structurcsd, cohotion,
mgnotiaoti&n ond intoratonic spoeing ; vhile ¢tho bond thoory
40 bottor for onploiming tho cloctericel propoption of catalo
uith Lovoy aonumpmenamr



tiott ond stcvanaaghavo procentcd quolitobive viowo on tho
band otructuro of tho latop tronvition ootnlt, According to
éhoip vioé% tho epyetnd Otructurc end Synoatpy c;f tho
tronoition olcacnto aro importont dotornmining faetors of tho
oloetronie otrusturg, Fof tho Fe.e.¢. notnls, 11¢tlo 18 oddod
to provious idonﬁa Thoso oro to bo ¢thought® of as arpoys of
o paelkcd iontc o atomd havind tho confipgurntion of £ull
oF moerly full 24 chollo, Tho "holoo® &n tho d-shollo oovo
grom nton to otom ard forn o Formi gote Tho 43 or confiution
band has about 0.8 cloctrons por atom amd tho cohosion i;
pogtly due to thoso clcoteons but olco duc to tho Vander Wall
- type attroction botwoon tho closcd d-sholls, Fho Fopui surfaco
oxtonds over both tho 40 and 84 bands, | |

BsBe3a

Lorop and Mamhanaa intorprot the eloetronic steuoturo
frouw complotoly 8ifforont sosumptions, Thoy aloo molto ueo
of tho Xeroy invootipotiono of chergo doncity of olcetrons 4in
trangition cotalo by Vedss emd Do topeo ond noto thot tho
ronningng valoneo oloctrono, obtaimcd aoftor substraeting
Uofos and Do Farco valuos from total nundck of 28 oloetrons
in £roo ntop, aro 4n corduction DLotos vith o roughly uniforn
acnoity A20tribution £.0s CF 6.8y FO Be7y CO 046, T 0oy Cu 1o
Tho nunr of d-olcetronc ic dotornincd by (ho cuclonr chapgo
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on tho otom ond eryotel structure 8 ropordcd aoc o consoguonco
of tho cloetronic structuros From K to CFy anlong ¢the Pirot
Lonz Poriod as tho nucloor chorpo 48 1aﬁrcnaaag cleoctrons ore
cfided round tho orpon coro, thoro oro proeticolly no 24.1iko
oloatrons, thoy orc oll confiuction cloctrono vith epotiel
donsity distridbution quito unliko that of o otonie 2d.6tatos,
A puddon configurationsl change oeccurs nt Co vhich has a high
nuobop of de1ilc clectrone and fov condunction oloetrons.This
typo of structurc continmucs through to CoppoTe

8,630
8,3.4 EUGCL AND BREYCR HMYPOTHEOIS

/

Rotativeoly roeontly Tngol ond Browor hovo proposed o
foirly simplo mofel of olcetronie configuration &im coldid stato
matals ond havo attompted to corrolato 4t vith tho erystol
structurcs, The troatmont $0 similar to Pauling's valoncoe
bond method but follovs o mndification of 4¢ oo advanced by
Engalasg vho sugposted thot tho erystal structurc in |
tronsition motals is dotopmincd only by tho £ and p oloetronsg
the unpeircd 4 elacﬁ@uﬁa contributo stroncly ¢o the bonding
but play no poPt 4n dotorpining tho type of c¢rystal structurc,
A opitical Giscunsion of tho theogy hes followcd up vinco thon
in Vartbuo afticlauasﬁélanﬁ in hic eritienl am&_datailca
roviou of tho Engol«RBreuvor Thoory, Humnuﬂoﬁhorylo ascured
that thoe bonding olcetrongs onlotcd in hybrid 24 or opd
ototos, but vhotovop foctop dotormined tho typo of cryotol
otrueturc vao rolotivoly insonoitive to tho de-function 4n



kl@u '

tho hybrid, oo thot the structuro uoo Aotormined prioorily
by tho proportions of A ond pefunctionss Brower neounsd
that tho thros erystol 0tructurol e« DelsGey BeCeds and
foCeCe FOBUlY £Fonm bonding hybride of tho typo dne, ensp

ond az' npg,, respeetively, vhere 2 nny vary vithin cortain
1ipits, Altopnotivoly, 4t i propoced that tho beCaste
haCeDe onf LeCets stPucturod corrospond o the 1,2 amd |
3(op) ocloctrons fiop ntom rospeetivolys Lceording to Bsaues'?.,
thio proposcl of Engol was on ontonsion of ¢the HumosRothory
rulot in that o chorcetorotie stPucturd 45 ascoclonted with

o given nunbor of olectrons por otolle

Ap cdditional clectrono ore aﬂ:ﬁcﬁ in tho tyFanoition
motold oepien, Engol would ozplain tho crzducl transition
fron D.CYls ’m heCoepes Dtructurc 5 Lol StPUCtURO ab béing
due to the nccd to maintain 80 many 4 clootronc as possible
in on unpoired ototo ond thoveforo, tho procoation of so many
oloetrone ao poosible to © ond p ototod, Brewer attributes
the pontoun hont of atomizstion (moxicn beapding onorgy)
thich occurc in tho £4£th proup vith V omd Db and thon
Auvitehos ¢o the oizth group for v, to tho ¢ropf in tho
offoctivenass 'ovf 4 olactronc in stronpthoning of tho bomis
0o tho otonie numbor 18 inercascd, Ho prlamo that ¢ho
offcet of tho oxtra 4 oloetrens in tho 8inth group 10 not
g0 foportont vith tho lightor olcmento to that Cr omd Mo
netuolly oro lov in dording bnorgy cormarcd to U ond Nbg
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vheroaso for wfégﬁ-d-électvonn hovo bocord co offoectivo
that tho oxtrPa 4 cloetron f8 cloorly uwiiliccd o Accerding
to gwoucavevthe structuros and hoal of otomisation oro tus
of the moot importont cluos %o tho sctuol valenco cdopted
by the olcnomt 1in n givon structuroc, The avornge Olectron
pow atcm io tho kay tho steuetaro and ﬁtobﬂliey.

7ho Engol- Broucr.theory hao boon applicd in tho
discussion of variono bina?y phaoo &icporams ond olco ¢o tho
prodlom of phooo bopmiarios in troncition matsl alloy5ﬁ7-
It 1o sugpooted that tho pormiocciblo vorlation frae tho
oncct wvhole nushor volues of cleetronm concontPntisng vith tho
chango in cotnooition, vwill bo indRentcd by the conposition
limits of phaeos, In ¢his vay condrolipntions and prcdictions
of phaco baunﬂa?y limite in tponsition » motal alloys have
boon mado, but tho applicotions <o a&lay stPuctures aro not
vithout incanuiatoneia&é lf

10 : 29
Runc-Bothery conpared tho conclusions of Pauling

nnd Engel ond Drevos repgordimg the ntructure of transition
notols and found that conclucions bused on o ptudy of
aognetic propertics ond interatomie distonces oo not very
d1eforent from thooe basch from econcidorntion of promotion
oporglico ond hoats of sublinotion, zﬁ brief, tho modcael
propooctl by ﬁmgel cnd Browop nedo a Gefindto edvanco in

tho £1034 of phaso o%abllity, but 4% loolnd in gonorsl
Univorenlily ao £or a0 corroloting othor proportios of motals

G
{0 corcormcy
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29,6 BANSONGR G £TALLE ELBG“RGﬂIC COUF IGURATION
iEA

is sordvhat diffaront rodel vag propaced by ¢ amoom)%l
in 2.955, collcd tho Stablo Elccetronic Configurstion ledel,
ard hao bocn very succopsfully opplicd ¢o rooovo tho
anoialice put forth by othar hypsthcoog,

ﬁccordim to tho rodol, duping tho formation of
eonfonscd oolid otatoy voleoneo olcetrons e¢an bo divided into
" locolizcd onf mon-locoliscd portSs Chin ddstribution hoo
‘boen onporfmontnlly vorificd by ﬁumy' otudios of cono
txvanaiticn matels given in tho follouing tablos

fletol ™ ""T6.0F ValoncolLocalircd Il on-localined

Tlectrons g Part gpatt
a4 4 2,6 WY
31 5 - 348e369 ) % 5 P8
ce G 346 2.0
Yo G 4 ® p T Q@ 3g B‘lf ©

Tho localized fraction cf thooo oloctrono Lorms o Lfairly
broand opoctrum of configurations vhich diffor in thoir
onopgotic 52abilitios 4,04 4n their siocls of £roo CRORQY,
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co that along with tho vory stadblo eonfigurations thcepo
oppoo? Somey vnich oro less otoblo or ovon unoRablos If
vo ollov fop tho f@et that tho ata%&a@ical‘uﬂlahta of tho
opot onorgotically otadlo oloctronic configurotions aro
conoiforably grontor thom tho woirht of tho unstablo oneo,
vo eon aesign to canch oton Stotos of o linited nunbor of
otoblo confipurations. Dotwocn the 5tablo aanf&ﬁu&a%&onu
and tho non-localiged froction of tho valoneo Olectrong,
thoro etctr oxchangen vhdch oro rooSoonsible for tho bandn
botwoen peirs of otablo eonfiguraticnc, Tho stablo clcetronie
configurotions for G.uothdp pro ﬂag 65 ond ﬁleana occording
to the dogroc of a@aconﬁxﬁg onorQy ﬁﬁahllaty these ean bo
apronged in tho ordor da-ﬂloﬁaoa A analogoud, picturo io
also obsorved for £ - olomontd, tho oloms of vhich een form
atéh&a‘fﬂ-vﬁfﬂg and fI%Canigufationa-wiﬁh £7 heving tho
monioum Stability.

Asouming that for tranoitlion motol ateno in tho
froo otato uith tho munbor of @ ol.ctrono, n8 { By only tvo
stoblo configurotiono 4° ond €0, of ocolized olootrono
are foraod, {using X-ray onfd Holl coofficient datn) tho
stotictiesl woighto of otoms hoving ctoble &Bzu épﬂf&gﬂk&tiona
(sUAGC) 4n tho motelife epyotal had becn Gotermincd, wich
oro 14ctcd in the Lollouwiaz tablos
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SYATISTICAL WEIOGHT OF STAELD BLECTROUIC CGUFIGURA”IGI‘I&
- OF % "anﬂsgrxcrs t""?ALB ‘UITKOUT CONGIDERITG m EEDIATE

- GRICTRAD -
{iotnx ‘Volonoo oloceron Btotiocicol woight of
confipcurotion in confisurntiono o
isoloted otoms N 10
v et e O AN ;.. SN |
o - agt as® 84 16 0
o4 242 40° 67 43 o
v 283 402 37 a3 0
cr 285 4ot a7 73 0
Ln 26% ac® - 636" o
Fo 365 4o® 0 . B4 4G
co 28" 40® 0 83 73
n3 34% 40® 0 3 e
ca 2420 4ot o ) o2
¥ ag® 6 73 a7 0
28 24? 5o° 48 62 © 0
b - g5 40k 24 - 0
- a8 ped 12 8 o
%6 e gob - e -
Ru 257 gol o 80 20
o 268 gel o @ 40
MM 2410 ggo 0 1 es
AG | 2310 god o 4 23
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Lo 64 ao® %0 © 80 0
ag 562 o® a6 €6 0
0 66° 602 20 3, 0
v 688 P o €3 8
RO 668 g% 0 £4 8
00 680 a2 o £4 26
1r 867 go? o e b
Pt 66 gg? 0 40 GO
A 5430go3 0 10 €0

5 Tnkan as avaropo = for Mn af C» amd Fog for Y¢ of Mo anf Ru
avase &P values,
The above BUASC voluen, hao boon foltoroined according Co

tho formlm
Py = g_ . 100 ©

Py © ﬁﬁg s 1008
vhora § 18 tho nunbor of loenliged olcsivense Gioilarly
for motols vith B¢ nd £ 20, tho GVAGS of & ana €°°

abnfigara%inna-ie givon by

Pg o lﬁLng . 2000
P10 © gLﬁgﬁ., 1003

| In ¢tho cooo of nlhnll an? alkaline ¢o2th motaldo (Bamﬁtﬁlb)

tho tondoney 4o to form otoblo dao contiruentions,.
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For tho third catogory of olcaenta £.0, Op-Olcmento,
tho folloving fostures oro noticcd, '
1. Tho cnoppoticolly onot otablo econficurations oro apa
ond 0% pb, |
2, The onorpgotic otability of spe configurationo 4o
pclueci ap vo ineronee tho prineipal quonten nunbor ef tho
volonco Ope Cloetrons,
8. Clomonts whoso {volated otoms vith dgp or aﬁpa
volenco cloctron tond to sequiro tho qeood-otablo opP
confipuration ouipn %cls—'p tronocitiond,

4 Clononts vhoso isolated atoms hovoe &= e configurotiono
(0ste WyP) oving ¢o 0 —»p tronsitions by tho schems of 5P —p
aﬁ@-avags + Py tond to acquiro uﬁa conlipupations with woably
bondcd clcoetrons oF throo edditionnl clcetrons uith trensition
%o tho stoblo 82 pS confipuation.

6o In clcacnte having a? ﬁﬁ or o2 gﬁ eonfiguroation,
o? 58 configuration 4o formsfs

Ge then podoible ¢ o—p transitions cro ropliecd only vhea
such ¢ronoitions lond <o tho formation of ooro stnble

op=configurations, othorvice thoy may bo oupprosccde

It ooy bo fupther noticed thot while Cor 6 - ond
¢ - confipurations the anopgotia otobilily incroasos vith
principol genntunm numbop of tho valonec olcetyonpy tho
FOVORPLO is'true for O« off Ope OlCTICBtRy Tho vGudy of



sonfigupration opootrunm with variotion of tomporoturo has

aleo concludcd that ¢ho bohaviour of @ = and £. olemomts
45 oppooito o that of o« and 5p- cleaontsy in tho formse
caso with inercasein tozperaturo tho 8446C 6° iateally

inerousos,

Tho oecurancd of Holid oolutions amfd intorncdinto phasos

in binory constitutionol diograms of transition motols can
bo foirly thpreged ori tho basis of tho formotion of
stablo oclectrsnte 4P~ configurations by eamponont stomo,
vhen olcaents bavo simiing SULSC voluos, then during tho
oxehango of oigetrons botuoen locolised nnd nonelocelized
states, as wantionecd abovy t‘hm‘;’x io olirht poscibility of
the formotion of otablo localized comfirurotions im tho
gyftom amd most af- tho eleetrons are thus in tho none
localizod stoto, giving rieo to soldd colutfons, In
compound formation tho pooition is othcrulscy 2.0, coopound
formation %o fovourable vhon there is lagpo difforonco
botuoon tho SACC valuos of tuo comporent oloponto.

In pecordanco with the esbeve goncrnliration, it 4o
found thaot tho 5olid colubllity of irancitiom motels in
Ytterium doercoses with imraasiag SUASC af tho coluto
motal atoms mwing a %?able d;; canfimmmm. Fug%hw,

Vi
in binary systems oy « Xo2 Hel 1592 9 K09 = liog,
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upte 169 44fforoneo in SUASC, euntinuoun oo0l4d aaluﬁiona
aro eboorved ond with 4oeropse in thio valuo 6o14d
oolutlong aspprooch o 1doality. ¥ith o highop BUASC
aifforoncoe thon 180 docomposition of colid solution inte
saamn « phase io obeorved, I[loments froom tho samo group
and dolomiiny to oither the Bth or Gth poried form, with
olenonts of othor groups similof conotitutionnl dioproms,
vhilo olcmcnts rom the Somo group but bolonging to tho
4th porled, form othor typoo of dlogreme, Taie Lo boceuco
of tho faet thot 4ifforonce of 45 SUALC of Bth and Gth
poriod olononts of tho otomo group 1o eipnificontly smollor
than ¢ho corrosponding difforonecn betuoon olcmonts of tho
same group in the 4th ard 6th poricds end in tho 4th and

6th periods respoctively.

Amodg tronsition metal compoundg typieal oxemples
may ho eitcd from hydrides and eorbidos, It has boen
suggosted te oxplain tho maximum amount of hydrogom
absorbcd by the early tPensition motalo of perlodic table
and 1¢s relationchip wvith SUASC, that tho denop eopacity of
various tronsition motal otoms deeroasos «ith ineroooo in
the CASC, walch givos rlms‘tu lusaor probobility of foraoing
'omnblo 0° configurations of hydrogon otomo and consoquehtly
1osaer dogroc of hydrogon solubility,

Tho etable clcetronic confisurntion nodel aloo
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asdoguotoly oxploins tho naturo of rofractory corbido
phosols Cinco nll tho teonsition motnlo aro donors of
valeneo clectrong, thoiep oorbido formatiom con b0 uniops
atond in torms of tho trenofor of nomlocailiszcd valoneo
cleetrons So ab to otobilizo tho op°. configurotions of
aaPbon otoms Co difforont ozmtont, Tho dohor gopocity

of trangition motnl doercnsop with tho ineroose in tholp
volonce cloctron locolization ¢ .00 from IXIX group motolo
¢to VI group mctala and correspondingly Gno ctabilisotion

of ﬁp‘?- configuration of covbon 6toms Qceronsas,  Fop tho
IV group franvition motol carbides tho stobilization of

Bpt. confipuration 15 mozicus which nakeoo tho FoeC bond
ptronzcs incompnrioon to loello bond, This justifies tho
availability of only monocorbidos in enco of Ti, 29, amd
g, whoross tho V group transition metalo, in eddition to
menoearbidcp, forme semienTbides. Morecover, the homogoneily
rango in caso of IV group metal monnearbidos (Tie, 2re, HLe)
10 wider ap comparcd with thaot of V group transition motel
wonocarbidos (VC, fhg, ToC)s



*20w

L _SBE it At 4

CBAPTER « IIX

The intorgpciiste phaces in oguilibriun disgFons pay
‘bo forast in two woyss 1In the first on dntorcadioto phaeo
formo dircetly during froozing fron the liqoid ¢hreugh o
pnninun 1o ¢ho solidus and liquidue curiod, Tho socond oy
in vhich on intermediate phaso pay bo forpod during Lrooming
t1o by o peritectie regetlon botueon colld ond 1iquid in o
portly oolidified elloy’®, Tho formotion of imtormodato
phases (of solid solutions) is a gencrul proeoss of fitting
unlilke atons togoathor on a stable apran oant in spaco, Tho
oquilibtrivn shase (or phases) is thot uvhich gives tho lowost
pooscitle froc onorgy of the aystenm ani ¢ho chonges in £roo
onorgy aosseintod with the choico of clltormativo structuros

4,12
centrol tho ocguilibrlium phaso,

The intorocdiote phoses are clofsificd dnto throo
.catasorioéa’%t tho *Hlormn) valonoy coupoinds® &n vbich tho
atons aispléy tholy normel velencieco and the fovootion of
such compounds is governed by pormal veioncy rulooalth@
fDlcetron Compounds® 4n vhich tho appccrerec of o porticular
otruaturo roocuiros o porticnlar cleotrciyy otom rotie, ond
no otofchlometry ic oscoeicted vith thic ¢ypo of phacosy
tho 'Cizo Faeéor Phaoses! vhich ore forncd by tho offieiont

poeking topothor of atoms of differont C1Z00 ang arFo ucuolly
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nosoeisted with well defined stoichiomtric compositions,

I¢ 48 usuelly found that sevoral typeg of atomie
intoraction are simultancously involved in a motallie phaso,
ond of course the structure end properties asctually assuned
dopend on the resultant effect, In oxntremo cases tho
structure cen be understood in torms of onc typo of
intoraction only. The great majority of coses aro
intermodiate in character, and although the appoerance of
o given structuro can frequontly be correlated with some ono
property of tho atom concorncd, ©.g. 8iz0 or valency, it 1o
gonerally true that tho othor propertios of tho atom concerned.
pmust not bo unfavoureble to tho formation of the structuro,.
This vould imply, for oxsouple that foyr the formotion of
gloctron phasos the sizc factor should not b unfavourablo

and vicoe.verss

Tho present chapter 18 intonfed to discuss only in
brief -some transition motel intormodinto phosos, namoly,
S8igma Phasos, Chi phases and Laves Phases in binary

- systems, vhich vwill form the part of our discussion of tho
stobility of thoso phases on the bosis of Stablo Bloctronic
Gonfiguration modol, &ufficiont liternturc, howovery is

available which doals vith tho verious aspects of tho

occuronco, otability ani stPucturc of voricus intormediate
2ud,13-20
phases,
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chiofly bocausc of tho dctpinontel offoeto viiich tho fermation
of thio phaco hos on tho propertioo of indwuotirlinl alloyo,
Procipitotion of J4gwo phoso in como ozcollont olloys having
high tompornture strongth rosulto in ombritticocnts ’

Tho Bigma phoco hao o comploxn totPafonai strocturo with
6/0 20,62 ond 30 ntoms pop unit eolle Tho nojority of Sipgoa
phaooo 4o foumd in oyotcno involvinz ¢ho tronsition olcmonto of
croup V of VI (roforrcd to o tho A component) uwith & tronoltion
motal of proup VIT or VIIY (roforred to ao tho D conponont),
widoneo obtaineﬂ vith noutron diffraction surgoosto ¢hat many of
tho Oigmo phoses oro oracx’eﬂ?g'a Sipnificont fonturos of thip
phnco aro droad homsgonoity ranpos anf tho comdosition ond
tonporature pango of stobility ore not tho Soro in tho difforont
alloy g}mm For oncmplog in tho Fe«V ani I'o-CP oyotons the
Sipmn pheso forms fronm the primary o« « solid colution ond io
ptable to room or ordinary tcoporatures im Co-V pystom by
peritectic ronetion ard it is stoble to Poom tomporaturcy ond
in the b.Ro gyotom by poritectic roonetiony bui it uniorgoos
on outoetoid doecompooition to tho primary «-torcinol oolid
solution ond ¢o tho)(- phoeo (L =ID typo)s In Cp-Po oystom
uhfeh 40 tho boat krovan oncnplo of tho Siprs phocro, 4t Lo hard
ond brittloy, annmagnotic 0 ordinapy tcoporoturcos ani a poor
corductor of olcetricity. Im hoat resiotont olloys ond comploxn
otoclo tho d-phapo ooy bo preeipitoted oving ¢o £oulty compondti
control or hoat treatumont, in ¢ forn that confors inforior

nochonienl proportios on tho matorinl, Concdruontly,



considoroble offort hac boon devotcd to Ntudying tho conmiitions
of 1to formation and various nopoets »f 1t0 modo of procipie-
totion, Thero aro nou eons forty-fivo lmown binoPy onamplces
of the Sigmo phaeoy tho affcct of o thira olemont hap boon
invostigotcd in many inpoptomt oyotems nrd in o fou Lornary
pystons tho Sigua phoso 48 formcd vhcro 1¢ 1o not fourd in

the corroopording throo binafy OyotomUe

TH> &8 n'cleaﬁ'ihﬂieatian ¢that olcetronie considorntiono
conotituto on important foetor in tho octabilizotion of tho
Gigua phocos For oxoomplo, in tho Cr.lf-llo, Cp-Ni«t, Cr.iieGi,
and Cralli.P systeno tho S4gmn phoco onists in ternary olloys,
vhilo no such phoso hao beon found inm thio Cr-34 binary ayétcm¢
Similarly, in the binary systems VeCoy Valily VeFo, CreCo,
Cr.l4 and Cr-in tho Sigma phoso £10)ld 10 oxpanicd by the
sddition of sﬁwﬁekacbn tho othor hond, 51l has boon shown to
have the opposito offoct reflucing tho composition rFanso of
Gigoma formationg in Foelry, Po«¥ and Cr«Co alloyss 1I¢ hos
‘boon suppgosteod thnt thooo tondencies con bo unﬁératoeﬁ in
torns of oloctronic offcetos tho rolotivoly clectronogotivo
\ai (ond P) ineronso tho toleronce of tho Uignoe phaso fop
oloctropositivo clcuents, sueh of V or Cp, by accopting tho
additionnsl oloctrons mnde ovallablo by thoso elemonts, vhile
tho addition of Adl, & rala%ivaly_exqetragnﬂltlve‘@lcmen$,
ineronooes tbO‘oloetrah concontration on’ thuao rcﬁueaa'tha |
ovailoble numboy of V or Cp atons in tho ctructuro, ALY -
thio ovidonco supports tho point of vicu that tho Ligma phoso
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1o osoontially on Polactron coumpoauni”, In ¢ho Cn3olelroucs
approach, tho Bipma phaso 18 rogorded oo contiolled by tho
(8+p) ocloctron concontration, vhich 10 gonorolly 4in tho
rongo 1.2«1,03 tho o/a ratio vorios in tho Fongo B8 to 7.6.
4 chongo 4n tho offoetivo valeney of a tPonsition rmotsl with
o ehnnpo in tho cleoetyonie chorocter of tho ourrohaﬂing atong
has boon propoescd by B?ovﬁrggnﬁ ccptolin ocnznnlios in tho
calculotion of tho valoncion of trantition £italeo oro

pomoved,

Houvcvory Somd outhor4o bolicve thot both tho otoole
oizo foetor ond tho cloetronia fector contrliiomic to tho
formntion and otability of Sipmo phnooo, o ioportonco of
5igo’£aatar {8 indfionted by . tho oboorevntion thot the tompopratur
rangé of ctobility of oomo binary Gipmo phosoo 4oOgroasos b
~ tho rodius Potio ineronoos ord con be ineronsed by tho
pddition of a third conponont,

Tho sccurronco of Jﬁcmu phases ifi binory oystomo
4o cummopdzed Qiagponntically dn Fige 4y thoro oneh roctonglo
roproconto tho phace dicgron botuocn trancition motolo of
typs A and By ond in vhich tho Fongos of 0L(Td pbnasc foroaption
oro choum, It 40 poot sipgnificant that tho phoco doos not
occur in 0ll eosos ant tho cormo approznirnto eznposition, but
in gonoral, for phoced hoving tho sopo A olcoomes (from
Croup V or Group V1) in o mé.zabdze of A«D oyulens 5 tho
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Fig.4. Occurrence and ranges of stability of Sigma
phases in binary systems of transition metals,
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eonpoaition shift tovards A as the naohor of oloctrono
outsido £illed sholle (or Group lNumbor) incroncoo in tho

B olcamonts (from pgroup VII or VIII). This tomdoney 48 woll
{ilustroted in the abovo Flguro and indicotoo the oztont %o
tvhich oloectronic factoro contiel tho formntion of élgma o
phneo, ThO binory tronoition-motal systemn vhoro tho Signa
phaso occurs, aro lioctcd in tho AppordineI, indicoting tho
conposition rongoo, BA/Rp nnd olcetron rotlos oni the
touporatures of thol® peourrcnco, |

PR bie

This intormciioto phaso 16 icomorphous vith X« Iin, and
15 nov knoum Co occur in 17 binnry oystene of tronoition
motols, All but tuo of the systoms involvo Technotium or
rhoniun from tho lin group ad tho B esupoponty in tho remoining
tuo phosos 05 is tho ‘B conponont. In ovcry caso the A |
componont 15 from tho IIIA te VIA tronsition Motal groups.
Those dbinory @hi phacos nrd listed in AppondineIls

Tho compositions of tho various Chi phoood sleo
orhibit systemotic chifto vhich dopond upor tho pesitions
of tho coopononts in tho poriedic tablo, Prralloling tho
pottorn obsopved for Gipms phaso, tho e¢oopocition ronge of |
otnbility of phosoo having tho sano & couponhont shifts to
highor A concontPation as tho group nuwbopr (nunber of
oloctrond outoido of f£illod ovholls) of tho I conponont

ineroasod, as con bo oeon, for onomplo, in Che sosvoneo
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HbaTe, Ib-RO,Mb « 08, Tho offoet of 81 in otabilising tho

Y-strueturc 1o parallol ¢o tho offoet on tho 5ipmo phaso ong
presumably tho stabilizing mochanion oporetos foF the somo
rooton, In tormsry Chi phaccs tho A cobponont follovs tho
bome patterm ao in binary olloys, vhilo tho othor tvp
esmponants pet togother ag B-Cypo atoms,

Thuo, thero i streng ovidenco that oleotronic factors
ploy a part in detoroining tho stability of the Chi phosos,
the elcetron eoncontrotion ovor thich ¢ho otructuro 4o todblo
ranging from 6.2 to 7.0, ns cloof fron tho tablo for alloys
of Tey Ro esi-08, vhich 1o much smellor than the corrocponding
ronpo for g-phoco otobllity, 1This dcoonstpatos tho limited
opplicability of tho simple critorion of aveopage clootron
\Qoue@nﬁﬁattan in corrolating tho occurcnce of this anﬂiothev
rolated structuro typooe The rodiuc rotio voluos for binary
syotoms givon dn Appordizell lic in tho f,ggn of 14017+1,207
ond indcof sipo offocts moy will bo on i¢ .srtont fonturo of
Chi.phazo formation, oinec tho A compamm(vfls clunys {ron
2 to 207 lorger than tho D componont cn! brésin obosonsoo
of Chi phooot can bo eorroloted with o féxiu?c to fulfill thio
conditions |

Thoreforo, it may bo coneluded that both olcetronie
structurc ond atonie sirc factor govern ¢ho occuranco of
Chi-photoo, Tho former Oocmo to Bo rooponsidlo €or
introducing o solcotivity &n tho cholco of A ond B compononts
end o syotcaotic compooition chift oindlor to that obocsvcd
for oipma phnooo,  Tho lattor through 1to offoet on Opood
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£111linn, ony influcnco tho oxtont to vhieh tbb'k}yhasc can
fﬂvuu?ahly'csmpoté for stobility with otheor intormediate
phoson,

Clogoly roloted teo the Higen anfi Chi gbusos are tho
conplon PyRy A {lu) rrd § (dclta) phogos anﬁ for th&x* otudy
tho rocdor ony consult the vorl of ?avitt or Lamnwﬂaﬁhcry

4
oten}

Mony intorncdisto phacoo possoss ono of tho followving
thpdo polatcd structoros of gomoral formula Aln, Oan§glifleﬂ
by tho thrco prototype otructuros beacd on m-givsium ¢

o) ¥3 Cua s the C16 struecturoy Cubie, vith poeling

ABC ABC ABCy | |
b) HaZms the Cl4 structuro, hoxagonal, with pneiiing of
plonos of atons ropregented by fhc gencral gogucnee ABABAB,
otey | |
¢) g Nias tho C38 otrueturo, hesogonal, with ooeking
ABACABAC.

oeh of tho original work on thooo stémeturoa $o due

¢o Lovos and hio accoeintony For thio reacon oo whelo
group of thooe roloted phacos erc frequontly colicd the

Lovon phosods

A lappe numbop of compounido arc fcootructural with
tho obovo tgecoupounio. 0f tho 723 binory Lavel nhpros



revioved by Hw&tﬁa, 210 havo & tronsition motol for atlocast

ono of the compononts, 162 have tho g Cua.-’ typo otructuro,

67 tho hogagcrml g Zng ¢ypo ond only 4 tho hoxagonal Mgliio~typo
structuro = « Usuclly the tigllis typo io formed in tornary alloys

Sho abave atmotumainvoma o spocial partnorchip
votuoon larger {A) ond cmallea* (B) ptons an8 thoy heve cortoln
goomotricnl Lfooturos in coumon 4&&% ¢on bo boot 1lluotpated
diogropunticollys The lottleos of tho lavpor A atomo oro
construetcd frem doudblo loyoro with homnconal notworlk, with
coch A atom of tho uppor leyce dircetly obovo one in the lower
loyer. The lNg otons ropropont tho A gtono &n the throe
prototypo structurce. For tho Hg Cuy oiructuro o portion of
oach hcmgonal doublo layer is illustrotced in £4g.6¢a)y and
tho throo 8>ublo layors sro laboled Ty ¥ omd 2, Tho Lirot
danbm lnyor i6 roprosonted by tho eight ptoms im X position and
" tho second double layor 1o roprosonted by tho ¢wo atomo in
Y position, it is idonticsl uith the f£irot but is shifted
latérany.' T™ho third loyor 18 opoin 8iodlceectd lantorelly,

Tho rooulting soquoneo may bo @eseribed no RYZXYL --efig.5(b)
and B(e¢) shouws that in tho como dosepiption tho I’aana nnd
Mg Ti, structurcs will bo roprosonted by tho I&YKYXY PR
and XYRZAYRZ ¢we28%0cking of tha largey IIn atoms respectivoly.

Tho omollor B otonio of the othop rotols aro groupcd
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Fig.5, Distribution of A atoms and stacking of
double layers in Laves phases,
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around the iig atoms in tetrohciral Schome thot diffor somowhat
in the throe types of structure, This 1o {1lustroted in Figete
In tre Mglus structure the Cu ﬁeamﬂ 1o at the corncro of the
totrc-hedrs which are in contoot o afrenged into a notuork

ns choun in £40.6(a) « The lopror In atems lie §n the holos
botuocn tho totratedrs formed by tho Cu stomos The pattorm of
tho tetrohefira in tho Ngluy structuro i8 such that tho 4 otoms
in this aesertptibn oy be shounm to 180 on a cubie lottics,

Tho hexagonal arrangcoent of dotGulo loyers 18 annlogous to

Zinc blondo typo of structurc,

. (
In tho pZing type of ciructure fhe cueller B atoms

(or Zn) avo apain srranged into Cotrohcdra but thoso aro now
Joined oltornatoly bosoetoe- DOLO ond coPnors to-cornet as stoun
in £1g.6{b). 1In this arrengozcnt the i atoms, fitted betveen
the tetrahodra, now cecupy a wurtsitoe-type lottice, Theo
aprangement of totrohedras iﬁ,thﬁ Eg f14s strueture represents

o nixturo of tho othor tvwe arpcopcoants (£1g.6{e)) ¢4 and

tho A dong con bo doseribed nu boing located on o lattico
corrooponding tn o oixtuore of dincond cubie {or Linc blornde)
and wvurteitoe typo,otructuron,

It 1ovbaliﬁvcd thot (Lo moln Ponson for the oxicstence
of Laves phaoos 18 of geogatricax origin « that of £illing
gpace in a esnvonlent wnyd'lén ho cxemination of & lorgc.
‘pundor of Lavos phasos shous that o dotormining factor in

tho Pormotion of thooe phocos 4L o rolative atomie sjige
of the constituont ntoms bceawcso thoy may come from ony port



Fig.6. Distribution of B atoms and stacking of
tetrahedra in Laves phases,
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of tho Popiefic Tablo ond tho A aten in onc coupound ooy bo
tho D atoD in anptheoPe On ¢Cho Sanﬁn of o hovrd ophoro pscuiad
pedol, the 160al rotio of tho stomic dlamdterdy 4p/8p, for tho
forontion of tho Lovoo phasos 1o {(8/2) or 1,835, Novertholoog,
tho rotios of the redii (or dindoters) Go not olways acem Lo
corcospent ¢o tho moot idondl poecliing snd dn mnhy of tho
oboorved phooos thoy dovinto wvithin o Fengo of 1,08 %0 1,68

ond §aeau00 of thio pcortrienl &oquﬁygfgzgﬁ Rotaponoity rchaou
{n those coopounfig oro gonorally connll » I% 40 %o LO

. metcd thot im oll cosop tho A component ic Logor &n oizo thea
the B componcnts IC hoc boen cugpooted that (0 pedii of tho
puro olcoonto oro not an imertont Loctor in indienting vhich
of tho thrco ctructuroc form, it 1o only ncessoory that tho

A etom bo lorgor thon tho B ctom and thot thopy bo able o

-‘eﬂhtfﬁc% op oxpand o achicvo nearly tho &aéﬁi yoatio of 1.226,

Although the atenie osigo feetor i 1opertant in tho
formaotion ond otobiliity of tho Loves phnoos, Oldcotronie
fnflucncos appont te play an important rolos or omoocplo,

Loves ond viﬁtoéJhnvo shoun thot tho cloetron concecatPation
dotorninos whieh of tho three otructurco forn in the pocudse
binory éyctcas of ¥g Cup ond InZepy with Ay Op ond B4, Uith
increasing clcotyvon conconteation onc or waro of ho Laveo 0,14,
phoacon arc fernod in tho o@&ev HeCug, big Ninamd 3202 aﬁvueturoo.

" If tho oipo foctop ucro theo only rorni-coont povorning
tho oziotcned of Lrvos phacog, cugh phocoo vauld bo oxpoetctd
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“or tho ocloichisnctrie compoBitions IEfCuy, If Ui, o Cop,
lolin, Iblin, TcCun, Tolile, TiCuy, Tilig, ..Cog, LCug, Wlin,
ZrCug ond Znlliz, oll of vhieh hove a dicoctor ratio within
tro prescraheﬁ_rango. The non-oxistonco 0F Lavos phaooos ot
guch coupositions 4o further inﬂication'ﬁhat sonothing (lse
such ao oclcétronic concontrotion 10 aa$srtnﬁtlﬂ, The Ccoe
esnclusion ic drovn vhen it is found thot Chero pre, for
oxonple 46 combinntions of Ge grouwp elcecents {(including <ho
lonthontle ccrics)uith Cu group clunento thooe radius roting
1ic botueon 1,11 and 1,68, but nono foroc o Leaves phasea.
<urthoroore, the oppessereo of torpory I vop phatoos on alditlen
of 01 vhoro ro cueh phoset forned in binspy cystemg, apoin
{miento n streng influonco of ¢hoe clielr ate cffecet on the
stabilization of Laves gﬁasaséghsf

Ellfett ond Rﬁatohmrlehava booo? aﬂ‘apalysia of't&e'»
poriodic variatisn of tho occurronce anl! {ic erystal streuture
of tho Laoveo phoses in various transition Totel oysteas on
tko agocumption that Irillouin fLono ovorions govern the strueture
type, In thoir model, Lovos phases do psi occur at an colietron
concontration below about 1.4& clectrons por otoms At ocleetron
concontrations botwoon 1.4 rred 3B Cleatrons o oton tho
MpCun type 19 otadlo., Tho Vgime occurs ol clectron concentrotior
botuwaen 1.8 cnd 7,32 claetrons for aton, thile tho Halu? typo
arain onjoys stobility vhen cloctrons oton rPotlo exccciso 2,3%

Thogo stabdility rangos »f binnpy Laveo places vith 74 ont Iie are
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chount in f£ige7¢ Tho Laveo phncos forncd by trPansition patalo
aro lioted in Appondiz -XIl,.

Tho Lavoo phasos in rar¢ corth olomonto are 4iocuoscd
by He lMastors ang Gmhmadncr@g Theoo ore 1istcd in Appondine
It 48 oboerved that tho roro oortho aluoys bohavo ao tho A
olomont (tho lorgor 8120 pertnor)e Tho B portnor (ecmellop
atoms) 48 seon to bo Nn, Fo,Co.lli ond thoir cogonors and
Mg ond Aly For tho D olcoment fomilico of lny Fog Co ard
poosibly 714, no Lavoso phoeoso arc formed by tho £irot fou
monbors of tho raro oarth soriocs, For Mn the £irot Lovos
phago forned 1is ‘G&I-mz and for o tho LoFcg armd PrFog ond
HdFog phosos do not form but Celeg ond LrFog do form » Tho
oxistance ond noneocxistance of Lovos phasos for thooo B
notols arc cuito interesting, 1 pizo wvoro the only foctor
influereing this situationy thon ono would enpect to find that
vhon tho radius ratio for twe oOlomonts becams greator than
a ecortoin eriticol valuo no Lovoo phass would form, ond
belov this veluo thoy mll‘farm A plot of paiius ratios
of tho knoun and tho knouvn.noneozistont rore ocorth mangonosa
Irong « Cobold, Mickol ord tho tornary foarc cartheRongonoso,
iron Lavoo compounio VS tho Belistol redius (1,06 )':R/Fz; '
ve ¥ Plot) 15 found o axhibit a ecurved ‘eriticel redius
ratio Line' soparotdng the tus reglons It 1o pointed out
that if only o 0igo offoet vworo opopativo ono would ounpcet
a horicontal lino, but the oxnictoneo of m curved lino indientoo
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thot tho oloetron GoncontPation offcets oloo play en
ﬁmmrﬁam rolo in dotormining tho oxictoneo of non-ogiotonco
of ¢horo phnsos, - |

44
Uornie and Co-workors hovo Ofypostcd that the change

in gtructurc fpom MgCuz-Cublic to lGinse. hosagonasl for Rling
conpounio vhleh occurd ot L¥INy §p duo to tho filling of tho
Drillouin Sono bossueo of oleectron tronsfcr from Mn to raro
cartho, Yhich ineroacod oo we procoed olonz tho rasro oarth
oorioc, giving Pico Co an cdditionnl dceronco in tho lattico
conotont, Houovor, fos othor coopounsio 1t io mot ao clonp
ao Lo tho RiBy compouniso,

‘fmieh%@haﬁ diocuneed the fornastion of Loves phocos
coupocod of olemento of I, 1X ard III long portods o8 B
olcoonts, Ho chovso ¢hat the erystal ptructuro of tho Lavoes
phaoo 1o roloted to tho positions of portners in periedic
toblo ard those polatienchips con bo utiliged to predict
tho ctructurcl rolotions in unitnoun bHinoPy, ternary ond som

quortornary syotoms,

Puring tho last fou yoars attonpls havo boon continuounly
going on to oPrive ot Oor2 unificd appronch in doaling with
tho conplex prodbloxn of nlloy chomistey of notolo, portieunlorly
of tranoition moteloe Though, tho ‘tmmtmal -Bang lpdol
sotiofoctopily oxploins somo phyoienl propoptiocs but it o
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unaoblo to oxplain eomplotely tho atﬁbility of clloy phasos

in patoloe

, Tho eaperiﬁzntol rosulto obtalned by oorly workors, mainly
Runo-Rothery ond his aseoclatesn lcd to tho proposal thﬁt tho
throo main foetors vis, clectronogetivity, oizo ond olectronie
concontration footopn, dotermino the structure ond otability
of phoeos, o doubt, tho influonce of ocloctronogativity and
pire faoctor 1o woll ovidont in cortolnm ¢aoody but £from o
dotailecd study of tho nlloy chonistry of transition netal and
roro-oorth olenonto, 4t 18 ovon roro cloorly rovooled that tho
oo Jobrdty of uﬁrk&rs in this £iold rocognizo the gonoral
foportonce of tho clectr;nie taetﬂraggagéa’ég |

Tho purposo of thoe presont vork is to provido a briof
revioy of our prosent otate of Lknouvlcdco about the clootronic
gtrueture of transition motsls ond tho stabililty of soma of |
thoir intormedianto phases, Morocover; it is hopcf ¢that ﬁho R
prosent vork will be ablo %o offor o now approach for tho
trootmont of tho conplon problom of tho s8ability of
intorpedinto phansoe 8o o8 Lo bo helpful in the Scarch of
o unificd approoch Cor tho slloy chenistry of motolss Tho
treoatoont 45 bonoed on tho Eloctronic configuration Modol
proposcd by Somspnove Tho throo phopgoby nomoly o Sigman
Chi and Lovos pﬁac@s oro oolcetad only beeonso oaro doto oFo
avoilobtlo in thoip eaco erd nlco bocauco thoy hove boon
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the subject of much discussionfin the literature, Furthermore,
the importance of electronice factor in all the three¢ selaected
phases is well evident, which make thesm suitadble for the

discussion regarding their formation® and atability in  Rerms

of the eclectronic configurations,

s
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Tho torm’Oloetron phaso! moy nloo bo applicd vith ssmo
juctificotion to intormcdionto phoooso othor than thoes based
on tho moblo motals, It is inerecsingly cvidonty for omomplo,
that ¢ho Oigma phoco poscooens footures of on oloctron phaso
ond po do oleco othop woriablo conposition fngos sueh oo Chi,
tiag P ond Dy dbascd on tronoition olcoonts. Iineo tho 4
olcetrons in tho tponoition olcoent unquootionnbly contributo
to ©/o in tho fornotion of thoco phooos, tho dotalls of poooible
olecetronic interactions in tho tronsition motol intopmediato

phagen are bound to bo comploX.

The Levos phosos prosont a porticulorly intoresting ond
d4fficult probloms Thoy uoro originally thousht to bo 8izo
footor compounis vith rodiuc Fatilo noor to thot of the idoal
valuo 1,926, Fupthor invostigotion hovo houvoverg shoun thot
thoy ooy bo forcod with podies ratios for raTovcd from tho
fdonl omd covoral nuthoraﬁv&ghavo sugponted that 4t 4o o
longor Justifiablo to rogord then ao o120 LoO0YOF Compounds .
in cono cneos tho oloctrem eloud pattorn mny bo sufficiontly
- Qofornablo for tho atoms to bo rogarded oo boing osponded or
comprooscd co ao %o £it o otpueturo baocd on tho idesl framde
uurkok In o€ho9 easG0o ehaneéa in volenoy may bo accamed o
account for tho chanpos in piro, but 3¢ 4o Aifficult ¢o ooo
thot 4o honpoatnééa. in coro ceneod tho Lovos phooos oro
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gonncetcd uith oloctron concontbation or lvoragd Group Munboewp
{ac0), In tho caco of Jigma, Chi phooosy, cnd thoir rolated
ostructuros tho comdotion vith o/p or AGH Lo vory eloaf.

-~

Alc¢houph tho ovoraro oloetronic concontration (o
ucoful oo o ponorel ipdoxm of oloetromie fretoro, but oo fap
the pooition 1o not slitogothor fully ootoblioched, Thio is
beeause of our lock of kmowledgo of‘phc onoet Oloctronic
otato apd tho dotailcd cloetronic intorectlono Guripng ¢tho
forcmtion of onlloey phacot. Houvovor, tﬁc rooont. thoory
propoccd by Canponav for tho clcetronic olrueturc of olcﬁontog
nalktes 4% desirablo Lo howo o nov look ints tho problom of
phaco stobilicy in intormedinto phaoeests IU 40 in this light
that tho Bfpmo, ¢hi apd Lavoo phogos in troncition olomonts
includdng rarc corthswill bo discusocd coposntolys

4ol SXGUA_FIAST

In 1itoroturo oot of ¢tho detn on Ulgon phnnea‘of teanottios
ootolo bolonning o proup VA ond VIA motelso oFo oveilable o In
appondiz I tho data polating tho Pediud ratle of tho compononto
Na/ip (vaczo A 40 group VA o VIA motol), tcaporaturo of phoco
tpénoitzpn ond tho homogoneity Ponno o0 proupcie In £igurce €
to 13, plotso sro medo of obovo nentioncl prronatops with roopoct
to CUASC a® of tho componcat B, 4 comporctivo vioy Fovonlo
that ¢ho plots corroopomiing to olczontn of ot long poplod
vith V amd Cr oro vory cuch oinllor 4n notuso (£40.0 amd D),
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vhereuss in remaining long perlods the similarity {s not
present, This 18 cuite evident from the faet that the
difference in sWASC 4% values between V and Cr 15 merely

10 wherens » sinilar difference between V eni b is more

(137) vhile ‘n cnse of ¥ and "o the difference otill rises
(17%), The similarity of plots betuween Nb and Ta - igma

phases (£ig.? amd 10) amd Mo and bHeSifma phasen (£:g,12 amd 13),
15 also very well justifted »n the above argurent i.e, the
4ifference of wWAlC dﬁ between Wb ani Mo (127 15 more than

that of b and Ta (5%)e Slmilarly the differcoce in SuwhsC 4
i~ Ta and ¥ (16%) 13 more than that between Mo nnd ¥ (P%), The

&

net result emerges that lesser the di{fference i JkiAsC 4
betuween tvwo transition met-l: the hipher is tho siallaprity

in thelr nature of 3igma phrse formation,

If we compare in Jetall the plots of ¥V ~nd Craiigma

phages we find that with inereanse of SWALC 55

of eomponent B,
there 18 a progressive decreagent in Ry/Rp ratio and also

in most of the ceses a decreament in the trenaition
temperature, Although, in case of V iLigme phnues we still
do ‘not have complete data of various other possible phnses,
but the general tendency spggests presence of ¢ msximum in
the plot of homogeneity renge (Aat $ B VI % iasC ds). in
ease of V this corresponds to cobalt, whereas in case of Cr

this corresponis to iron, In other words in cnie of those
A components where, for example, the SWASC 46 s less snd the

B eomponent having a similar lesser swisc 4% volue is
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suffieing to for: a siguws phase having large homogenelity range,
In eese of Cr .- Fe sigsn phase it 15 found out trat the
homogeneity renge ie less than in cnse of ¥V --Fe Uigma phnse,
Tris 15 cuite natursl sirce the Aiffercice in SWASC ds in
former c¢rge 18 larpge ss compared to tho latter, A second
staflsrity in the plot is the fact tirt after BOZ SWASC 45,
there 1s s terdency to form intermetnliic coapound with no
homogenelity r:nge, A careful comparisinon of transition
tenpersture plot with that of homogenelty range plot gives r~n
indication that these are onpmosite in nnture, 7This is quite
logienl since in such Sigme phases whore hromogeneity -Rangey
range i large the probability of cavnlont or other electro-
chemicrl bonis 18 less nrd thus the tr ~uition temperature

15 lower than those of typlcal stolchiometric cigma phases,

A somparision of ..ipgms phase forzations in ¥b and Ta
alloys reveals Bome very interesting foitures, If we compure
the plots of homoseneity range in esch L0t of system, we find
the presence of two maximn, 1.6, two sories of nlloys possessing
some homogeneity range vhereas the rems ning have none o this
2ight indicate that in such eases an exchang® between two
congecutive stable 4 configurations sre¢ nlaying their roles,
vhich might cause the scattering of none.localized or collective
elcotrons, The resson why such features sre not observed in
ense of V an? Cr iigma phases 18 not very clesr, However,

i1t should also be ept in mind that in these two series of
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5igme ~hases, yet dute are mot asvallaclc for sll sets of Sigms

rhase8,

Coming to the plets corresponding o Mo ard K Sigma
phnoes, there 1s a depnrture of the rola’ ‘onship s observed
in the previous plotce For exanple, he p?@ﬁunts:a very
intereuting engey 1 both the Ligme phauc series there is s
lar.e homogeneity range, lHowever, if wC compare very esrefully
wo obverve that Mo with 08 dees mot possozes any homogeneity
range whereas W witk 08 has some (11 at * 08), similarly , the
honogeneity rangeé of Welle Ligms phase 15 lsrger than PoeRe
vigman phase, This pecularity seems to orise fr~m tre fact that
in these Clgma phsses both the component oeaess o fairly large
LUASC 65 %, thus nefther actirg ns donor »t their nonelocanlized
electrons, In other words both are indifferent to each other,
thus making it possible to have o laerger l'omogercity range,
sinee tre LUAGC ab A1fference between Ho ~nd Fe (67 ) 18 pore than
trat between ¥ and Ne ( 27 ), 1¢ lg bu n-tursl that in the
former ense the homogeneity range is sxciler thon in the latter,
A similer argument ean ve put forth fr .45 iigme phase, I[lowever
in ¢ 3¢ of Mo-08 igua phsse the homogsencity range should be groate
than former one, But the dats in liternture Joos not suggests
like wise and ar intensive exporimental findings may be

recoanended for the Mo-08 homogeneity roiié value,

In conclusion, one c¢an undoubftadly ssy that the role
of stable - lectronic confiaouration model 13 a positive one in

predicting the oceurrance ard stability of Tigma phases among
transition metals,
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An exhaustlive search ir the liter:-iure has given inf r.asti-n
for only tw> sets of Chi phnses, one tochnetium b:se and the
other rhenium bnse alloys with other tr-nsition elencnts
(ApHendix -II).??igures’f'\”:;mw; the plo’s of RA/RB (vhere b is Te¢
or Ke and 1 18 other transition ele ent) and the houogeneity
range of such phnses with respect to % ..wWasC d5 of A onuponernt,
The RA/RB plot ant the homogenddty ro e plot for eélther set
nf Chi phnses show oorosite cheracter i.e, in case where RA/H L
ratio {s moxinum, homogeneity range is minimum, As already
41 s0uss394. previously 1in the trestaernt of ligme pheses there s
an overall decreament in RA/RB with ifncrease of UBWASC ab of &
component, This {8 dua to the fact ¢ at with inecrease of . psC
55 of A comprnent the radius ratio st~r'8 evening out, iAnother
interesting feature i1: thet betwoen 7L 0 rarges 6:%0 and
80«100% cWioC 4F of A comporient, ir bo'h the figures there is
an appesrance of naximume, But A eounorants for which these
maxins apperr are different, For cxumple, in cese of To-
base Chi phases, these are at Ti ani I'f whereas in ¢ se of ne
bage Chi phases these are at “r and U'b, 7The appearance of an
appraciable exte t of homoyerdity ran ¢ at such OWASC values
could be explcoined on the fact that & cxchange might be
talting place between two consecutive o nble 4% and 46 -
configurations in the environuent of ~'¢ or Le atoms which uiiht
be attributing in the scattering of nonlocalized or colletive

electrons, Due to this exchange® process the very process of
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doneti~n of nonlocclized electrons o ‘¢ or He atoms is
Aieccuraged, thus the possibility of an ineterpedinte
phase with larger homogenelity ranges i more, Hovever ut
the seme time, it should be clearly borre in mind that it is
not orly the total number of valency {(dss) eleectrons of
transition metsls, whieh matters but S%411 fmpertent is

the energetic stability of these eloctrons, For example

in Pe~dnse Chi phnse, 1f the muxinum 15 st P in cnse of

Te bate ailoys, this las at Tie Tn oviclusion we may say
trnt @lectronic fezturcs of com onent ciements 4n Chi pheses
are plsying thelir role both In radius 'ntioy 28 well as
hamapencity rangees Our ireatnent bhad Loem & euslitative

ong and thus presents b@foré?gnly e coomerative nicture

between gets of Chi phnses formed nuony tPonsition elencrig,

oo
Ka
Recently Lezmsonov snd sinelnlimv: have discuszed in

veneranlities the oceurrernce of Lovaes pii-ges in terus of the
faormation of stanble electronic confi i tisns Ly the esawnent
Thay oroposed that during the formatic of Laves phnges with

s oouponent belonginéfﬂ-alement, thera 13 a tenlaney of 8—p
transition which trios to form stableo clectironic corf{ipuration
nf the partner elexent, For example,y in Mg Cuy the achene

may be s followsd

A glements Mg « 53-—————tf§i_______,_;spg
B elerments 2(Cu)- 2610 ,; 26+ ! > 2430
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As a result of this two staule electr:uie configurstions
sp> an? ai0 qpe formed, Fow-ver, in somo crues, for ex-mple,
in ense »f CoAlgthe electronic trarsfer wy be opposite one
1.8 atom A *tronsferring thair electrons <o 5 atoms, In
either crse tre conclusionr emerges that Liere is : formation

of stable electronic configuration,

Tn cuse of transition metal Lave: Hases a similar
pletoure ~f stable alectronic confipuret o uny bo viewed,
For sxsmple, in Celi in phanse, vhore Ce hou confi uration fggz
and "4 the ﬁgsgg the confipurntion af of "% 15 more stable
tran that of Cerium with the result that ¢ donates its
elcetrons tn 14, Trus tuo stable eoriipursilons i an&]}e
are formed ir the present phnoee Another oxample wmay Lo
eitod Iring compound (Lnuﬂloég, ;r-d&s@}, where ~n otoms donste
thelr velercy eleetPons teo the Ir atomo, Thus formin; two
10

stable configurstions d5 ~od A7 the o) 0 Ofe

™o follovwing tauvle stows exmumpluu of Lovss phoues
where the radius ratios are ne r to th:’ of idenl f.e, 1,23,

In the same table the stable electrrnlie o wfi,urations of
19nlated prirtrers 2nd of the systen d8 « whole are indiested,

d



Electronic Configuration of atoms in some Loves phases with
1denl RA/RB l.es 14226QRef62).

¥ J J )
R D e o Jootironat:ne) Rosultant

2 %(crystal) g:gnézelataa 2 ggible chr1g.
LAl TP 1.23 hexagonal gl . gi 83
2P Py 1,28 Cuble d2g2.48g1 al «abg?
TPMng, 1,22 hexagonal 2% a6l s2.a552
3 1.21  hexagonsl 32524751 4033.410,1
Con 1,32  Cuble Pals297:2 57,3 ;6,2
Uren .21 Cublc £2019%.4642 9752 042
1M, 1,34  hexninnal algl 48,2 2.310,2
MoBeg 1,24 hexrpornl  15al.e2 a5 51, g2
WBaey 1,48 hexsgonal 1 g2 624557
PbAty 1.23  Cubic p357.330sd pe2.a10

From the data 1t 1s evident {1t in Cubie Laves phoses
the formation of & snd 420 5 mo:t prabable, whereas in c-se
of hexngonal Laves shases the form:tion of 83 ecnfigurstion is
noticeable,

ba
It 19 suggested thot probly e astows in esse of Laves
N
phases touch sinch other amly when the slatis:leal welght of

stable configurations sre maximum, In case of a duerosse in
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tho otobility of clcotronic econfigurotiono it epponro that

thoro 19 o covalent Lypo ‘oi’ bond in oinfior atono with tho
pocult that only oimiloes atons touch onoli othop, |

The Lovoo phacos wrich ocecur in tronoition notalsy olong
uith the RA/RB rotion, clectpon rntios, orystal otructupro ¢ypo
ond in oMo cason Cho tompornluro, aro 1ioted in Appondin «XIX.
Tho ploto for ¢ronoition motsd Laves phncoo botwoen RA/MRB VO
¢ SMALC 6B of component Bexotol oro houl in £ipuro 16 So 22,
It 10 intorosting to noto thet GG, ¥, 50y ond HE resembles in
thoiy tomisney to forn Laovos phnses, Linilorly, Ti,Hb and To
béhave idonticolly in foroing Laves :mnoga uith other tronsition
notals, Thoe opproximoto dotted eurves in oach £1puro sro
1ndlcative of tho roglons of Btability of Mg Zny ond ¥ Cupg
abovo thoso eurvod tho Hginge typoe 48 obtablo whoroas below 40

‘tho HgCup - type is stable, oo Mg W4y - typo Loven phaco thon
5@111@ intormodfateo botuoon 2oy and NZ0us-typo, should bo
sxtpeetcd ¢to 1io ot or naoy tho dottcd 140, In eaco of 1BZng.
typo Loves phagoo the RA/AB rPatios cpo found to bo grooter
than tho RA/RB rotios for ligluy typo atiucturc. Furthoroorc,
tho © cuAse aPvoluos corrooponding to 113.9 eym ptructure oro
in gonoral greantor thon thoBo corrospouding to tho HgCug « typo

otructurod,

1t 45 alco oboorvucd thot tho DL./B rotio 4cereacos vith
an inecrenoing O awwca"’- of conponont De Hovovcer, thio deercaco
10 not o 18mcer onoe In Coro of 0C,YyoF ond Af.lavos phocos,
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tho oRopo of RA/RB V5.5uA6C 4% piot upto about 60s00 ©
suASC GB of coluto is small, but cftor thich tho Dlopo
io rathop Popid, A0 alpociy docopibded 4n s0ction 2.8.6
tho 8%nbility of 4® confipuration 1o greatep than aw ong
notorolly this nmanifooted, 4n ¢he nature of sueh plotn, oo
L.avos phazoo hoving SUASC 63 of [ componont proatop than
802 ghou o stooper variotion of R1/RB, FPurthor tho RA/D
Fotio Goeronses with tho incronsing © SuASC 68 of & moted
clong tho sano poried of poriodic Codlo,

Por oxanple tho Ra/MB plot ig ilovered fron tho
Laves phosco formed by &¢ to the Laves phooes formed by 74
in tho first long period, Similariy tho RA/RBE plots oxhibit
o dounuprd tondoney storting froa U-Laves phasen folloved by
Zr-Laves phacosd ond thon by He «Luvos phases, in tho cecond
long poried, Oimilorl: tondosey 1c cxhibited im ITIRS long
poriof whero tho RA/RD plot for Sa.lovos phosos is lowor then

tho plot corrcoponfing to Hb-Lavcd hocssy

The DA/AD patio olcy doercacos fron ¥ ¢o HE ond
vory 0lightly Crom UL fo To phacos tut 4t ineroccos fron 3¢ o
Y-phineco o T4 to 20 .«phnoos,

It 19 Pound thot T4 dooo ol rosconblo in ito
formation of Lovoo phnocs to 8oy but inotoed to 1f ond Ta

in Shig rospocts Thio anocHiy houovor <zxr mecd not talio too
csoriously, oinco tho eryotnd structuro of higher teoporoturc
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modification TE(BsCeCo) 1o 180ntical with thooo of group VA
motals, Thus 1t eppoars thot B ~Titanium ic playing rolo

ir forpation of Lovoo phasas,

In conclusion tho abovo ¢corrolation of tho éppCanncc |
of aygforeont typos of Lovoo phoges omsng tPencition motals con
bo adoquntoly earralatcﬁ4wath the formntion of sGable confipuratic
by ¢ho eompononto, Uith incroaco in cuncea® ol B componiont thero
40 {nvarisblo docroose in RA/RB thot 45 to Ooy that rodius
girforencos in tho componont atoms arc gotting mininicci, Apart
gfrom thoso, tho ploto elcarly roflect that tho formation of
gtoblo 4B eonfiguration of B componont is contridbuting in MayZdm
structuro stability, vhile tho dlo§on£&guraﬁi@ﬂ io proooting tho
forpation of HMoCup.-tppoe. This suggests that on isotropic structur
3.¢s MgCusz structoro ic prefominant in ¢aso wWhiero all the
dagligetrons tond to got flllcdeups

Tho raro-tarth Lavos phasoo aro 1istesd in Appordin.IV,
Pigurc 23, shovs tho relaotionship dotucen tho lotiieco poremator
(ng) and tho numbor of (4fe6d) oloctrons in roro-carth solvont
for tho HoCud-typo Lovos phatobBe ToP MgCun Lypd Lavoo-phasao‘
1¢ 1o sosn thaot, in all tho oasds with tho £1iling ef 4f choll,

the lottico constant Goereasold,

Tho smniler sis0 componont B olomentit aro gonerolly fron
tronoition motols of 105’5: groupo 1404 § 3 { 10y in tho ronpo
af S ¢tn 10, Ir the £irot lons period i.0. ¢y Co Hi, 1% 10
obcorvcd that for ony largcr 04co rore oppth cloment vhich
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acto 0o A componont, wvith incroace in SHASC ﬂm(aao.; paooing
gron FO—>Co~>Ni ) , tho lottieo eonotant of tho Lavos phaco
do»z'smcmoao 4 olmilaP Qeepoomont in lattieo conotant 4o
obgsorved in caoo of IInd long poriod ootoals (ViooRu and Bh),
Hovovor, tho lottico conotont values ap0 Eoro than tholo
founi in c¢ooo of Loved photoo vith I0¢ long poricf. tmin

io pteribuccd o tho ‘fae'?. that vith ineronso in prineipsl
gitontun neadboy tho suASCEP aneroncos and ‘eoasoqu.onuy thoro
i0 o docrenso 4n tho corrooponding LU 8C am voluon,, &
oinilor pliceturo 10 oboopwed uvhon vo Covo on Co thoe olomento
of I1Ird long poricd, Vis, 00, ¥, PV, oithough not many
oxcmples sfo 4n litorature rkom thio group of olcnento,

In conclusion ono cnn undoubtcdly eay thet in eoco
of ligCua-typo roro-cnrth Laﬁea phacao vith trancition cotalo
of lator groups (> VIth group) it 2o tho amand Smnt.ablo
configurations vhich arc controlling tho oiso foctor,

™0 uu'm of IneLavos phatos and Al.Loves phados
15 olco vory intoreostings In tho formor thoro 1o probobility
of o-»p tPonoition o ovonluplly tho fornation of otablo 093
configuration ig nccontuntcd by tho donntion of noneloenlined
Qléetx'ons fron the raro ocorth olcncntn, 8Sinco A} 4o olroody
an op-olcaent(160latcd aton confinyy olien 3> apl), thero 4o
o otill highor probability of forpinpg O%ablo Bpa configurotions,

00 comporcd o magrecivun o, Thio applors G bo tho posson vay
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¢ho lottico eonotont of Paro-onrth Lovos phncod vith aluninion 4c¢

looo ¢hon thooo vith poghodiune

\

Tho ligZey «Rypo rore-corth Loveo phooed oro ghoun 4n
fipuro 244 oo o function of (4£¢6d) olcetrono of tho raro Oorth
olcnents, It 40 Oocon thot with ¢ho inercase of ﬁm nuobor of
g-oicetrons of colvont Ay, tho €/o Fotio doeroncos, This 18 in
agroceont vhat vo oaid carlior. thilo poosing from Rus0o—*lin->Ro
tho ¢ cuAst &5 imeroncos and henco 1t 46 quito notural that tho
lottico conntant of Laves phooo doeroesos in tho como ordop,

_ Tho above diecussion fmgaauté tha¢ ¢80 Goble oloetronic
configuration oedol 1 of gront utility &n ozmpl-iging tho
otobility of intormedlato phoooo inm ¢eonoilion wotal elloy
gyotend,



<60

CR_A_PS DR WV

Ppom thc emomg diocunciono tho foilm:ims concluoions
com bo drovn about tho rolntioncmip of tho phapno stadbility
an 04pnog chi and Lavon phacos 4nm ¢ronoition motals including
tho ForOe0arth olemnto B
3) The Vloctronic conf‘&gumamn codol a0 propocad by
Gamsomw'é;f.in bo satiofoctorily opplicd te oumploim voriouo
foeto pcpording tho phooo otobility of the nbovo montioncd

phoooo,

2) On this baoip, 4¢ 40 comeluded that tho olcetronic footor
i0 moe immm foctor 4n sentrolling tho forcation ond
otodility of oueh inacorncdinto pbasea opd fho 0ieo foctor is
roro or 1000 poroly tho aomoquaneaﬂho roouleting aloewonic
onchanges anong tho eonponont atomss

3) Tho eomporativoly lapgo Gifforencosn in O _,m;sscaa.vumw
of componont potals give Fico Lo 1ittlo or o hoDoponcity
rongoo in tho forpation of. vorpinblo conpodltion phocoos (oepie
Digme ond ChA) whacsoso tho oasld @ifforomecs in tho © CUAGCED
. of tho compoont tPonnition Kotals locds te tho formation

of loppo homoponoity raniols

| 5
4) Tho formntion of 0%nblo @ eonfipurotiony POOVILD N

tho otobilisntion of mazmaem' Lovoo phacady vhercos tho
0
otablo al confipuration 40 Lovouroblo Eo? Lo formntion of
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MgCup ~type Laves phnees in transition metsl syctems.

&) In cnce of rave-earth metal- Lavon phases it 1o conclused

- 30 ) '
that 4t isthe & and £ gotable conficurations which
control the sizo fnotor ond lead to tho pceurrence and

stability of such phoses,
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