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Tho oo ntocdt@to eco he o bole'.! ez3 t P lon 
to ony aotJ paCO f+ r in a Z!Th1t .eomo nnc LOCD9 RQcQnt47 

thta r&i ' oo boon uoc to lnai o to or o 02 Ica 

(oupop atttcoo) oouttnj ftoti i o øteciie oowj of  
t t y col ooiutnoQ ' oao po coo y t t otbtt tho 

►? £ O Oho' at aLovo 	pott 	bat can oroz at 
low toopot'oturoo9  Poi tho tutor is ti to I ro3 o lbtti 
14-mg va o or or +moo' tPio ont9 o tompoatuo z cn o of 
ato i  ,t , tho cirro roc letIvo no £n 	to3Uc copourz6 
t o U a '' 000 pb0000 *aOUa y oCC* at a aQ ni O GtOXto 

ratio an6coat otton o tbit a pro hotcootty  r nCo 
'moo boacgcnotty tangO mayy w oui"t by tho foraoti.on of 
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t tne10 tho eonpoottton co ooponth to tho fully 
o doro6 ot13ctuka 

in r eo ooa tho .ntorcc6icto pacoD can oUt. at 

Ova? a ?fftfla of cowpoottton0 Thc aforo , fog' a 	cA 
o .aooUUtOotton tto tea of intormatoto phacon rte► o 
oeo&n►.. cc t' o pbo000 oob10 +VQZ vtco com L tton rancoo 

nn tho ptocoo otab o ovc' o n ''rot ooD ctt on t'o Oo 
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o:? tho pb000 (]000 it rcitoo tho ttco moss_ ` opp ooic W4, 

vhto for a pia.so atciblo ovo' a p u e 	al44on V0 0 
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tho curvo $G O loPoU OtCOVa ' c'o tho Z Co/tho 

CoEpoCtttOf OtOOO tho *o ezioy appcotob 	cocitinj 
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-A VO ' 7 flQO11 eoZ3pt3itiOfl VO1l ► 	 .nco tho 
p tio1 ooio ' oo OWPOLOo Of tto ptoc3o hi  
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to tho ffoo onogy O3 OO Of otntjio p!Q OO ottoo tho 
eor3poottton of ociob picico hi oqu t' tuo of thot 
tomparctuOe o Ottto of ftoo eito t aMmo ioo 
a no 	iOb O t O paO oOc ci to oo of tnfloc (b)o 

+ O + O Sao stein fcCt0E0 ontii'o1.1hia tho 

otobfltty or h to!a taco pocom the atotitc o .ao0  

po1ctc to rci8 too rotioci on rho ftUtn tbo o oc 'on 
eoneontvotto v oIotc to Vci OnCo and a 	of tton tbQ 
oioets onocatieit 	'o1ctct2 to ciartjo i000tton an  

Tho atoato oleo facto' to c=raUv dices aocc- 
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COMPOST TION 

FIG. ! THE FREE ENERG Y AS A FUNCTION OF COMPOSI TION AT 
CONSTANT TEMPERATURE FOR THE INTERMEDIATE PHASES ,BANDY (Q.), 
IN FIG. 6, THE RELATIVE POSITIONS OF THE FREE ENERGY CURVES 
oc, A ,AND y ARE SUCH THAT THE COMPOSI T/ON RANGE OF STABILITY 
FOR THE A—PHASE DOES NOT INCLUDE THE STOICH/OMETRIC 

COMPOSITION AT THE MINIMUM (Ax By). 

L_ 



to tcL of sca Lua rotio of tho awe and It. boo Work 

foundthat thoio. faQt .ioO of Otto foe tø ph000 ouee an 

A a Canoe i enoo tozia bacouao of tho Ooco u th vhtch 
ntotr of a givon ra fue & otio eon coot offtctonty ft 
tho cp ieo0 

" a 'o1cttivo vziicncy Factor * o ooa to tho 

d ifforor a in. tho Va ,anCtOD of  tho coioncnt otom on 
to tico UOi31 	OnOZ'ODU7 In tO'tO of tilt.: ChOD31DO Oloctron 
conconto ton Co hoot onz atom) ttthtn the 3citttco0 The 
of ctr on coneonts t n t o the toot toporcant conat+~ otton 
for the formation d Mobility of cleu on co 	O* 
zit" oug tho fow tton and Mobility .O Ltwoo p m000 arc 
mainly duo 	3coQotrtcoi Otto fQctoio the cioctronic fnctoz 
t c GpDo ont to # nurbo! of CG O, Anna the thou ctoco 
the oiect onto cQz1COntQttOfl focto t of pLE23Z7  

tiiortanoo. 	to of t co*o1at$.onO ui1oh oznp1ootco the 
Lfi onco of a/ 9 c rc prttcu1cLl r ov d t fo oac 3o9 
froD otu5ton of conotitu ton of tornry oyotovioo aero 
StgE 	Cbh t- u ar otho ouch pbo*00 f o uont2 r torti z'ot,, 
oionaatc pbtioc f cold o that appear to f of .o't op orth toffy 
conotont co a 	l of c/a rathw than atomic rztdiuo 'ottog 
and iioh ohoti cbor :corona onto toxi actca to or cc, 
l2aOplOn of dopo onco upon c .octoD a fc c mC ore 0100 

Ol id cf. by the bobav tout of onaortioU O lchio,Q tO 
phacoo ouch no the f i1i of Ti2 ill typo phacoa, ho 



tflhluonco of oloctronto fcctoro to of prttcuiz vicartcnneQ 
In Lavoo p1iiuoo in t2oto ininij both the typo of O root ro 
and aa tho Pongoc of etobtitty "̀"'he, ttiroo t .ftcQttoflo0  

t'tj CU20 	and t' occur in sovorel ternary ato o  
cn toi i'onjoo of stobU tty Oro ebony 8oponant on o/at  

.Uo it to tlPuO that tho L etto of is it s a s + 
inportent porau2oton in aftbuIst tho. Lcvo5 phe0000 uhi 
particular atructuro In ebocon eppoaro to be volatc to the 
do of y of MUD Ord tho ; tOi'actionc'otiQen tho Ponr4 
ourfooc an tho rt1boutn aono. Our oa$o ! diocuscion of the 
thtorocd into p rases t0iU, tborotoro4, bo 3 z 	on electronic 
eO 3t O tOfl 

Tho o ct onogottvity of z n o nt or atom is a. 
an cure of Its tOnOncy to aceopt Vebonco oloc o o ofld 

tboroforo, the ro3ativo oboctronogcttvttjoa i icato 
quo 1 ottuoly uhotbon or not e nou pha.co to btko3y to torn. 
arnd th.uc t U also Indicate the neturo of tho bonding in the 

swo  hOn the cboc ochootc factor to prcdov4nant , the  
OlOotrothCmtcal or t:Or 	va3ønc r cOXflpOUEdO Ore torzac6, 

Doporthtj upon the above wee toctoro0 the 
lator into oaoo in alloy ayLtcD Oro gr,upc boodly 
Into three ac to c3.a000s 

a) 'i3boctrochontcoi or 3orool Vatcniy cope dog  
b) 8to factor eo 	da//ho g and 

0) electron Casa undo/p aooO 
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Tho oioctroehctdool eompoun6o avo fo2d h ono o1c nt 

to l3 o i7 OiOOtOpOOtttVO era tho othor to otron1 ]4r 
ot+octranogcttvo4, '' otr corpaitionc octtoi'y tho noroci  
aa10fe31 1#IUO and in sonoI tho conga of ao3.ubtiity in thoti 
to t o1l, Tiny 1avo ucually high ziolttrtj ptntD0  Thoro o"o 
ttae e1iosoc corro n2tnf to tho ionic ai5 covalont bondinaa 
Per tent* co powdo tbo ctoiiic 	tcont to Duch that 
e'loot on tnofoa Onc. t es tho atorac to ttoitovo a t'oro Coo 
olo Iron cotarottot o Tho eovolont to + of eouipotzm U tollovo 
the 	!) ruIoo sow oza Ica aro 	; Got  Sn Or Pb )0. 

(P,Mr 8b or 13i) 9 t3 ( S0 or o) nx .Zno0 

1 largo nujbog of oloctroeboviicol cvpouitc arc 
fo od tthieh Poo 00 tocI CoPg0  Drtn Zinc .o o0  

1urtrtto0  Gftcon Garb o0  or fltA0 ty *3 of l truoturO , 

Ruao otbo720firot oboorycd that ovor a W o 
rongc of alloy aytcrnoo  phaooø or eiiUoiz cryotal structurco 
aro for d at tho woo rotteD of valency 03oCtronD to atouoo 

Thoco pho 43'oo oro torcicM o.i+llc'wron coD 	a 0 Tho oleetron 
oonoon attono (a/c ratios) at thtch thOr uc o oboo vod0  
Ora 3 O  2/Z3 alt 7/4 roapocttvoIy 3o= oncp1oa off' 
o2octron DthO1300 oro 

rao 	yContorcd Cubic (A abraoo) atruottwo0  a/ac, 3/no 

(Ctp1tj oz Au) ZflDCU2ZG  t431C1 . 3.0 Cam, 600 

(Co,tt or Pa) L 



300 Campion cubic (f t1) of ucturo0  0/o £ S . 

(AS or MA): AI D  C , 0t0 Co Z. 

IC. ROZ€ 6o l cloco poct1tructuro, a/0 SAO 
AB Cd 0  Ci too 1c + b0 Coo G. 

U'U Coiziploit Cable 	-b1zoo) ,trtactur O  o/o  

OCR 4C9 07 Au)) (Zn 01' Cd )p Cu A40  u33 

Cro, Coo tPd 09 Pt)a 2221 

lIZ floaonoZ oloocd pactsc4 (E brood) Ctraot og  o/a /4 , 

(Cog AS or AU) (Zn or Woog, Cu3 sa, CO X30 4c  Al 

In dotorr3tntnt tho olactron cone onW.Wot n , tho 
trt no tion zotolo woro ooatrjnc ! acrd valoncy to to 
pctly oplotnoblo on tho bout  of t o * olooranto 
otruoturooD to tbotr. olloyc tho o 2nev oto ottorwoot 6' band 

has to bo r1 C uhon tho electron concontrotaon to 
1*TOtiCOd,, and further tho taut 	,S bert VU1 oioo bo 
conplOU4 ibteh utli rcduco the contribution of  o thoco 
Qotolo to the froc electron CIOUGQ 

cetron phocoo are alco foci to coz i. 
tOPfloP7 alloy o70tO o of tho approprtato conontrottona, 
and In C000rci thor con oniot oori a olX 1?cnco of 

cc n o tton ebout the axoct Patio* 2Dth or 	and  

6 to d orcd & totr tbuti000 of ado aro fozLa 

The c ,otanco of thoco pp000a 1 o o t6 ,soot 

oono uonoo of tho wturO OR the r-otollto b; it to 



ccii ont that tho stability, of tiuc1 as p1co ao o o 
aocntlally upon tho oloctron concon of oro ond tho 
po' to of stork oftoc it10 tho t otun 4910tvtbation 
y 	s'. 	a ~w na i t 	o a 	• r 	3 . _' ri 'rows 	A ,+ T a e •; 

8tto £`aet piocoo az'o of teoBata tr3c9 Mom 
t o 'o ` ono atom 10 Mich' orci1io than tho ©' .w 0 os thoco  

tAoro. tbo' 4Iffozoneo to ntoDte dtoactor to u t of Duch 
a btch ordor, In tho ftrot ecLtot3orr, fnU tho tntootttta1 

eiwbto on r oo of o tang .tton to10o n tbi 
tho c ofl Ma to atoms f 9 D C9t aka S& D to up 
tntor tt .ni poottlono batiQcn tho Motollt* at000 tho 
lottor tauaU forming by thoo voD a coxpto c 000  

poet ctruoturo or a o3tht1y dtor42ore otta of tho 
stDuetuwo, 1iou tho ct1tuo ratio fl 7/14 0 to a0 than 
O.6 tho otructuo at tto 	taco pbacoo to of .o 
(comoniy 'go.o or c9!..b, onS oco toraf.ly hoop of 
tmplo boeozoL or r t btly (5oo'tcd form of ono 

of thorn) a uounliy eontorc2 about coDpoo2tiono of tho 
OtDDO f0?c*OO me t 	Xg t it talp tthcDO 11 
rop'oo0nt cotol a not ctorto tto3 	t on  
tho z'c do of tbo radii oococda 0.60 tho tntoratt000 oio 

loveos .arco enough to ho1a o no Dota . otoiio 
t t oat (5 2 otorttovi tat tmro eo iteotC otrtzctuz Ic oro 

thon farts, In tic aioo oro tho corboo o' Cio t a,Po9 
Co antl 'UA 	'j, c Oaf fl ,O1) at tho bort9oa of 	on t 



An Ltpartcnt Group of tho coeou cc to of y ttco 

+~iffo'onco in atoc&o d1ootoro of tr tc of 1 B 

1.o tt 1orao and tbo ' tt r tto . A/1,3 	22 tteh IV 
tho i loo1 red RDD votio for cfttetGnt packin3'D o o tho Ltvoc 
ghO OD Or tho ocoi0oi1c 1 g Oo1Dp1iftod by o 
t ac pro typo of otLwocoMcCt 	tg 	I-,S d o ' i►o 
6otQ Uc d toouoston of Lowe phucoo utU form tho cub1oct 
of ono of tho iotc c p owo. 

'' o totol nwiboi of btnoy o rotcio 6oftncd by 
:otabtnGttono of tnottton comic to 10 on$ a for is goy 

numbor of oyct a lion t fEot3 tO1fl ~r3r Coinbtnottono o 
eombinottono of Dull. btgbc ors 	acs tntorcictuto 
p)ia000 for d by " on3itton notolo do Ofton condorod  

as zoporoto croup, Uot org tho t o j Cho o of torU3tttOfl 
otci pbaoo fall Into a DOOoIc nurnbor of s.tueturoo- 

typo facaltos uni those fczat3.t D o 	ootzucturoi pbacoc 
con bo ci000tftct2 in to eoupc: 

2.0PinooO "tth ftc i" OOtOt?7 +rye► " oo ► p1o" !o 

tMc occur at otG pio 9 r0 0 boo .tn ortoni. 
ototchtototrtc ration a 	►i,Ch tcp opt a rc thcc titto 

'vortoty of otructuro typco0 

8 Pbuec!o vit r► varlablo cozp3ottton a +~+b phocoo 
Io 3o coQ ocittonG ohi 'to in a .L'ctAc ` z nnoV frock o r tccl 

to oyotom on of on bavo ii10 rc jcO of homafafttyo 



Vtop1ittc ocu 	is MOM in fLO 	2 for b1ne.y 
oo inOtionc of on air 	nt of the Sao  T O V Or C awou 
he A eo 	nont (on tho loft) ut a on olczoit Of the X 
`o0  Co0  11 or Ci .troupe  the B coz 	nont (on the right )0 

The diagram tne1u&a a Very l 	cio nue 	t of the pbn coo 
that ore knon to occur thouch other t to r,oto p xcco 

y of eo form in cozo ayotoio 

Zn btnar; oyotos the intorteto oeoe ol` 
vorteMo etotchiottotry arcs the o (S cn3 / (M) q  
)C 'chi) phacoo Zn tarty ayotomo tt Struáturcly 

related fentltoo of P and a tntorncioto phaøOO opp 
nib o hOVtnt variable coznpoeittons. Pro o t 	on tho 
A component and, the phecou oocur91n at .ttie6 otoithtoitric 
ratios ha o the folbotftk c ucturcos at 	 13 the CrO 81 
typos at Ai3 the ¶g III typo or '°at ' o" 'typO  the 
?? S t typo and the CU. IS typo (Ciao); at An the Co Cl typo, 
art A13 the IcCu2  type (C ), the It% cypo (l ), the 
XjU3 typo C(3G) 4ype- La ov phanoo end ao cw Coup of 

17S typo phocoC; of AB 	group of clocopnottc4 ordor 
Ct? OS gcturoc; and ttnaUy, at the A% co poattion tho 

VN2 typo c the CcCO3 typo ctructtuc00 

rep the a .logo of trannitton t .c in 

p ttoula * b iwr3+ alloys of group IVV or VZ4 cicoonto 

ttth an slut from Group 'USX or VZXE0 tho foUotat3  



Ti Ni -TYPE  
CLOSE - PACKED 

2  ORDERED STRUCTURES, 
MoSi2-TYPE 
CuAl2 -TYPE 

LAVES, MoSi2  
TYPE  CaCus-TYPE _ 

r OUW5-TYPE 

Cr30 -TYPE-, -T CsCI -TYPE 

U 8 	8 
MU!  - 

SIGMA-\,,  
• CHI 

A 10 20 30 40 50 60 70 80 90 B 
ATOMIC PCT. B 

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 group; the B component is an element 
of the Mn1  e,Co,Ni, or Cu group. 



ooQuonoo of ctrueturoc to obcOE1O 1  

D.C,,C 	 CV, Cpl  	+ 	--~U * —1►' C a ► 

(CoM$tA 	 1 

	

ooIt 	 DOE 
1UttO 

' 'owovov, 00C3 otruet u "oo l iz y bo ntcoin Rethe ooquoueov but 

tho or or of appoi c nco to ctlIJQyO tho 	t'tth tn01!ooci 
oloetronte coc ontrotton. 

in tho rlt fCtJ CCap vu only tho Loioo ph0000 

phrüøo and Cbtpbocoo vill bo dtocuood 2 czodotoil 'her 
otebiitty of tho obovo into dtota phasoci Ut11 bo diocuo d 
ord Into?peter& iii termst02'G3CJ of tho lotoot Stob o . t onto 
Oonftauz'atton tWe3 proposed by Cwaso► '2 r o iult on 

a t lao " or oforce i.t to noc000'y to i avc an lual bt into 

tho olootronto otrueturo of tho trAnottion zotoZa boforo 
6 toeuoDm6 to oUUcg ohcu2totry of O JOo The psirpoao of 

ouch o d .ocuouton bnOM on tho e+ golotton s from tho 
cvall blo "3 0%1t *C ! 6 voluo:o for t'onotttoi € tol o 1+D to 

Govt8o n noti o'tamtotton in tho ctuay of tics OtobUlty of 
thtorrcitot0 phoco .  



The tronottion tuotc o tihtci nra of i Dton o 0  both 
in5uotrttiUy on2 from tho point of via Of ootontUtc 

t ni z'g era d of tnc no °hoop this 0  occupy p3 eoo in 
tho Aorta to to o of to o1centO uhoro crupo of 
( 90 ) o3.oetrono itOh cct utro a prov to r . ctb2Utr 
In the otorno of the tnee caooDe Cpn1 Into e&'oupQ of 

(E32P0410) olGøtrorto by the bt2tldtnfj tip a2 t n +has 
ubg oup 02020  

The tronoitton uotn10 oeeupy► woe ho t ntal roo3 
i . the Portotc Thbiov  u ' a the a2tuiit not1 Dt the  
bog1nntntz of each r ( o per iod) and the nob2o #0000 cxt 
the are. If n dnotor the uonttn nuflbør o2 valence 

• oloatrona, the: Oloctronic onoray lo veto or to free otoC  
ebonpa from tbo o dor no <(n44 6 < np to to a1Lali Qotalo 

oo&'ly anottton oloionto to the or6c (n4) 6<nenp 
In the tote tronotttoa of onto 	the noble Dotaloq  with 
the rac&ilt that along ouch rots the or or or the 0 and 6 

• atotoa to crn ua y rove c . On fori:n V of It the 
0010x0  VoE of the degenerate otodLo cmr lovolo 
broon into b n3a but tho awo Conoral o oct to ozpccto g  
lth Cnc gtoO of 0 nr' 4 ototoc agote eroc rg oaov along  

ouch rout a vocultW in hourly the o cnog in covorol 



4 0. 

iflto?II ietO olc• onto,, Au 0 concogt nca or this thoo lut11 

bo a tort4onoy for eoio of trio olotentC to oziot inhybrid 
AS of t08 C or ni3e atomic or bt ic)!4 At tho sae tirioo 
on r v.W olonz a transition cortoo froriloft to ri tt 
tho p lovolo c r0 loe orc .so O,L to tho 0 lcv'olog, co that 

r'ion tho AG hrb'tdiatton 6ocroccoo in tho Into transition 
ol000nto0 thy►,Sp iy bitGiizction tncroacoa0 The , G aunt 
S 	brtdiintion ahoulG givo ricotho atton co oolon 
Cbon the) anti eo a 	ic in tho ctronth of ter ing con bo 
ozpoctc6 m oro in tho o 1filo of oc o po *toG,0 6opon2th3 

an tho c1octonta otructuro of of cb pertioul of r ont~'a 

Jugtni by tho opori ntol date ouch no ltt 
points* hooto of cublima Lion kite+ op tiro o, conpr000t-* 

bil tOOc t!1aI oupanoton otc in the ttrot 10n13 poriod. 
born.g increaaon from group IA to group VtO 4th ma ano o 
sbov ng abnormally tiltbftin13 ünd POCo and iU aho4ng 
strop or basin on littic cba fio on pta3ing from 1'o-.Co -.N& 
In the t cocond and tb rG br pori ov tho Otrcmrjth of bonding 
tncr00000 upto croup VIA, rozzotnc bW I E 8V0upO VUUA and 

VIITh ond than folio on passe ffoti I vry —'Pd or Oo-~, - 
. Ala*,, on pmoth do  along vorttecb colic bottioon 

tho tbrOO bon pOrtodot tiro to a ourits tacrozoo In 
bonder as ovidoncod by the htso1! cioitxitb pointc0 Uoiiovor, 
the oloetronto t eortoo of tho tonoi Ion cot .a era vory 
coo piioatc d cind g oo yot, AnsoapbOtO 1thout any fool 
t uantttnti' o thoorp 



'O ii, fo 1y ccn 'oi ogrooiont on tho c a ttronte t)toto 

of tho a1erantu -.Ti Iretho• pf ,tL0fl13 Porlod  
cn C o —' La (flcro earth olazmant o) 33 -~t in the Cocond  
Th 2 Lone paci a, Xn Chaco o3azontc oU the ►utor 
olcctTana ore invo11,c In the eobaclan and all r4 in 

4 atotoo, PDX the loth oicmont OV VIM tho 
poactbio ozeoption of diVolont tQflOflOCO9 th O to ~xaracma t 
thnt the OUtQX!*tO0t 6 alOctEOnO OIO COncor nc6 In the cohooton0 

but both the aonorcii todhontaue and the o a t1otoita are 
n dtop too. 

'hero arc tz oath oc a10 of thouht0 oz oltontivb 
opprooehooa 

r 	 - 	 ■ 

- Xn Chaco theories there is no sharp •d i toion 
bo tic 	 t (nonloccl t z )and n3nbond tn(J (Toeo1 ti+od 

etaate) oioetvono and on  oil the aia0tono outO &) the abo l 
of the pooc6th rata no are voordcd as oonttbutiria 
to tbo cohooton. The brcoIo In tho souonco o2 phyciaal 
propottoo oro tho rcaordc6 na due to an tnct cnaa An this 
ropuictvo noturo of avooftmctlon0 &ub joct toal ifying, 
occtptiono, the Go oetivo.oioctron tbcor too ccm be 
dovo3.opQdt d c mGt c y,4,p t 00 as to + r iculato phyatcol 
proportioc t t oat in troduoi nszortcol cona rTO 
t'oitb rotoiy aoocon to fit the facto. 10 ;hoc aonoo the 



Collaativa electron t2 oortoa are ", batt v"  thoottoo man 
the Pauline opproacbeo9 but unfortunotoly the eoauupttono 
mcdo are co ciudo and opprottmoto that it to not 3uottftablo 
to erittaally oo paro the roculta t►tth the facts, t1th.tn . 
the purvta of Colloct tvo electron thoor lea Calls the fceoua 
c1coolcal Bend Thoor of !S t and 

23 	- 

Ziott zn Jonoo dlacuaac the atz'ueturo of VXIZ a `oup 
al onto Pa9 Co and 	They t'oatod the oloatrona 
colltcttvoly, ulth the tIA010 aOSxpl'jtvIn Viso to a 

band or bongoo in * ich the nuzubor of uupa&rcd opine per atom 
corroaponl o to the obo c d caturatton eoixnto ( 1 r i Gnetona) 
but In Mcb the tnGnotio olectronG cro ot truly loc tiz d 
and could contribute to the leant aurTh oc They tnored  
the 4 oioetrons end as a roauit they found tto 4 uttrct 
blab parrot (3a) and lot, broad (4o) ovoriappftvj band .a der vod 
from the (3d) and (4o) atatos of tho free etoio Cf18,0 ?o 

duo  
The o* oaton a oa roQar6ed a►ct rttra i/tor the (40) 
oloatrontl4 In order to produce ferrovjnottm there. asst be 
a prOd#atnnnca of aloctrona ulth one oph; hence the d band 

to vubdlva2cd Into to* hypttbottcol cubbnrtdo9 tt "babe' 
In one oubbanfl boIn rooponstblo for unpoircd aptno, on 
pnaoInS from Ut to Coo the oaturatton mcont Ineroacoa free 

(rat) OOGl/n tO (co) 0' . 3v am frog the ties pofnt t 
the thaoLy of t~Dtt od Donau ip the p Olden for CO rcoOM loo 
that o Ut, ttth morn hobo In the O-bane A of or 
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pteturo, but ttth ottil co )io]..00 in 0-4 c3&tholIo  cars ftrot 
OpcCct top Iron*  but #hio lcc2 to roat (3 Ftculttco bceouco 

If c oat citton count of ^. Ott i3 for Irmp ind cote 2p 
holoo in tho 6,.bar4,p tho lotto eoula contain  contoin 204.22 a ,o 

oloctrono old thus locvo Only O 	Aoctron pop iton to 
occount for tho co ooten 

• a2ho obovo roIol is clot rly on poiztouodol strico 
it co no4c tnUc provicion for h riO icy ototon0 Thl o 
cetal brio f tici to onpicin tho otron 	i 3 it3 in tEcncition 
cotolo an cacao not tea tr volt to9n 9  but III Doan cocoa it 

o 'fo ro t Coo ozplonotton of cortstn 3ctccl p oport$oce 

o 	ino6oQUootoo or ban$ col or coUocttvo cloctron 
thcoriooe pro!otc& to bovo a 41oopor vtos of tho cccorw cc tool 

6 
Of thoucht 

o , LCXQfl  

Tho cocci epproôeb UhorO tho 3 otoctronsoro 
conoidorod to bo port .y bonigne C 	occc4 ) Ora p ti 

►nbo f (otouta or 100 1m) in notuvo '000 ptonoorci 
2U,30 

br Paula • A nunb of uoo1O or hMthoaoo Novo 'con 

kk,vo1opc1 ntrico Mon u 4eh foil for thy? Pci1ingo ochool 
of thought, Thoco hyth0000 or o o1c oro Oiceuoo bozo 

fir 1of.  . 

In tho Pou1i t'gpot ooio tho £z'c o in cortoin 



obco o9 propO tffoa en9 in particular the itio Ga roti©n 

eoccr1tD, aaro oaour 	to b3 the oonaoquonao of comp of tho  
o .oatrono orator .n Into iocGitca to c (or nba t ) 

6-arbttolt, a oc3cL!t6 by 1oc ttci uovo funettono. The 

rcz ining 4 2octrono voro ?oGav4ti9 ao formate b ba 	(Z ) 
eL*~rt to in aozocietton iitb tho , o.nt p oZo taop In rich 
0jaCt oflC continuously oimhnnjo positions (. oaoncto) ate +moo 

'onponaibio for &otnU2e ion .ncO In thic :.c o o ntrar  
of 41,044 oioctonz is con Lo?c to bo to iocltzc otoalo tl 

obtto3o ana sit rzt, oS oioct no con iba1 to bonG  

'arootis ne 	rd► nuthoro conoido the Pzuitn col an. 
Cat ofactory In that It f3ivoo n3 ?CG fl to tQ , `'Uoronco, 
botuoon tho psoporttao of the olomento In t first od Raton 
lone porto o ( con onn ftd) o and inr ccrthinj o uo3. 
vnionctoc , on the o1contO or oupo V!.VUXC in oil the 
U ao poito6 o, od In that the ebco does nc►t c ca t't th a 
nuiboof pbyatcni px op ttoao A moitieatten of the Pau t y 

33 
ac orno popccd by flwt.Rothcy Uth end UUia 	i akCS 

into account certain OpoA!icoflta3. data ao v U on veloncton  

of the t noitlon a1aiontO oa obaocd in tno ento ebczniat7o 
3 

but rotoinD co 1.4900 Of otoDiC. oPbtto3.c , 	O Goiaozalo 

aVj oacb of the PauUn► flpi,othooic, 4*13 often the boat toy of 

tntoi'prottn3 oni onooa3iatnrj alloy otructt*VOOo Cohafllon, 

inngnotteotton and Intormtoeta opaat 9 'rh o tho band theoryy 

to bottoi' for o 1atht the oloa tool o voodoo of c3ta3O 
12  

VIM fo V obCl3mptIOflO • 
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t1ot oit GtovOno havO pz1ocontc2 qu 1 .ta.&Sve vja rn on the 
bn 9 otwuaturo of the 1tor tE'Ofl05httO1 Etc0, Accodn to 
thole ajac O9 tho c1tatai OtX UCtU aW ayrnwOt 3' of the 
t onattton 03.CzKrntO arO tmporttnt dotcrztnLn 	of the 
r1oe onle of rueturo, Ioe the U.oco not .E little Is oddod 
to proviøuD Idooe Thoco arc to be thoujht of as ar o o of 

icz paotc6 ona or atoms bvIn the centIgur tton of f u .l 
or nearly full 3d thollo The 'bolos' In to d.#hollo covo 

from etoc to atom anti form a Porgy sac, The 4$ or eo utic n 
band bas about 0,0 electrons per atom and the aohoolon to 

pa *tly duo to thoav oloatrono but nlc due to the Vender 1Jo13, 
typo attraction bet on the do cod d.ssholla The Forol curfoco 
oitoi8s ovoz' both tto 4o anti 3d bonds* 

;~ R off. 	~.. ~. f• 	~~ ~ !~9.. 

33 	. 
Lour anti IO11 interpret the oloctronte atructuro 

from completely different aeeumptiona. They also me o uco 
of the X-ray tuQetIestio io of crag donoty of o2 octronc in 
tranci ion =mac by t:otoo a ]►8 Z4arco and note that the 
ro c: 2na vc louco electrons0 obtaincd oftcz oubstreottag  
tlagao acid Do 1 rco isluôc fiom total nuobor of d electrons 
In free atom, ore in conduction Dtotoo 01th a roughly uniform 

donsity distribution iso. Cr 6 0 Pc S.?9 Co 0,09 171 006 Cu to 
The nuebor of 4 loo ono to dotorrained b7 tho cueloar chor o 

t 



on tho atom on6 cryotui structure iu rognzk oo a conooquonuo 
of ti o olootronto Ott*'uuturoo Prod IC to GPO a3or the Ptrut 
Low Ported no tbo nucioai ohurtjo to tnccxe oloetxonc crc 
c do,j rou2 tho argon comp tb a core POttCa1i3r no '" flko 

olcutrono9 they oro an co1uctioD oioutzono tth oputtol 
4o a ty dtatributton + utto un] Uto that of to otocto 36.atto 0 
A ouddon conftuintton2. oh no oeaur a of Co hioh ha s z b t b 
nuaboi' of dm*Itio olc trono or tcu conuoton oioetrono hto 
typo of atruaturo eon thuoe throuP to eu po 

Rot3ttvoly z'ocontly En Q1 and Ovoz* bO propoocd a. 
fotly 3tmplo gaol or olfCtronle eonfturnt.on in coitci utoto 

talc O6 btvo ottomptcd to corroloto It uith tho crystal. 
l3truet.urou. ' o troat ont to sthlinrto ULi 8' 8 	OflC O 

ba r4 method but foiioio a 	1ftcutton of tt no edvoncod by 
tn6ol~, uho ougoeted thot tho cryotol at acturo in. 
tvon ttoi motnls Ia dotorotnc only by tho A nn6 p oloctrono , 
the unpoirod, d o. oot o .0 contribute atron ly to the bonfl bon tng  
but play no port In dotorntnI . tho typo of oryotal otrueturo, 
A criticci dioeuoston of tbo theory has foUo .d up oi.nco than  

in vu tnuo ortleloo 	In hto critical CEO dotof .o t 
10 

roitoti of the T n oi. euor Thcorye 'sumo-Botbory uccucd 
that tho bontnQolcetrono a ttotc6 In hybr 	d or opd  
ototoo,, but t,hotovow factOE' 8otorQinod to typo of uryotal 
utruc uro too rolottvol7- tnsonotttVO to tha 3- function in 



thc, bybrtd, Do that tho otructuo øoo 6otoritned pr rely 
by tho propotonO of A o-ng po- "unction a armor ocourcd 
that tho three Or37•Ot ii OttctpoO w bo*000,1 I€e,p, c 

E 
f.c.Cc EOoU1t f209 bondtnj b brtds of tho typo 6 G$  6 sp  

21 2 
ani 6 op , roapocttvely 9  taco 21 z ay very a thin co 'totn 
ltDitO h3tO 'fotivO1y'1 It Is piowd toot tho b.e,e 
b. c. p, oni fee*** ctuctoroO cor o G n to the 1,2 and 

(OD) oaoc ono 13 atom ro p etivoI y t4ccor8tnJ to &o o? , 
th t o proposol of Engot t cio on otenstom of the Euu o*fnthory 
'a3 os frl tht t a t ornatomtt+ ottUctu to o.o actotcd with 
a Given nubor of oloc trono per atom* 

Ao additional Oleatrono ore • 6c6 in the tonottton 
metal Devie0 , 'engoZ ould oap1stn tO EXeua1 transition 
from boc*e. to o opo,  otrueturo to too***  otructuro oD bctntj 
duo to the n et* to methtatn #O tflt 4 C OOtrone so possible 
in on impoirc6 ototo or 	 c oforo tho portton or. an canny 
oloot ono ea po stblo to n end p etetoQ Beer ottrtbutos 
the onaltiun hoot of atontiotton Conntria bond tnts energy) 

ieh +scum In the fifth roup tth V a 1 t3b and thon 
4t4tehos to tho oith Group for t1, to tho trond in the 
offoctivonoso of 4 of 	ono In atrenGthonIn of o bonds 
cc the OtOQIC nutibor is tncroocc6. Io O21ploina that the 
effect of the o21trn. 6 oloctrona In tho aiz h group 10 not 

Do toportont ttth tho lighter < c="to co tat Cr Cal T 
actually are 1010 In brdtn onorc r con larcd to V ard tfl,#. 



ihcroao for U 	$ o3octo o bavo bccor co offoottr c 

that tho ortro 4 oloctron to c oa&ly utiit 	• Aoco 	e, zd 	, 
to Ba*'car 9  tho atrUotoros and host of ctoQtttofl aR+) t s► 
of tho twat important cluco to tho ac as . v 1ooeo ajoptcd 
by the ototont in a Lxivoo otruet o ?e d orn' g6 ó3ectron 
par atom to tho toytho ota actu ot± tobt1tty. 

o tno1. Broom . theory ha a boon appflc In tho - 
d tGcuo lon of vavio0a bey phaoo tcWamO one. olco to tho 

. 47 
piob1oa of phocO 'oimt2ertoa io tranottton tot 8 .1070 
It to 0uCCoatc. that tho pomioaLb.o vottion from tho 

o of t toia nux bor voluec of ooctron concontrcttionc 't ttb tho 
ebongo in oo t oaittosn, utU bo 9 t. teat by tho coopocttoon 
limits of phnooe. It this ay o vol aatto aW prctcttons 
of phaco bun6ay. itmito in tr r .t3ttto - Vital c UUoy'o hovo 
boon moo,, but the appiteattona to olloy otueturoo ore not 

Wit out inconotctonetoo 
10 	 29 

Ruotothy compared the con uctøno of PauJI 
 ngoI not Ira o.. rogoriing rowel . tho otttcttwo or tranottlon 

t ota10 not► four. that concluotonc 'mood on a study of 
r gnotic propettoo and interatomic*1L3taneos nso not very 

different from :oco boss from coic5iioration of promotion 
onor ton and boats of oubUction0 In b ieto  the €odool 
propocafl by E PA aytd zoor cdo a &f1ntto odvonco in 

the fioll of pha co atsb 1 tty` ebut it 2et in So orol 
Untuorcrnitty na for no eorrolatin other pzovortto3 of Za3toiO 

6 
to coo'avnc 
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• A oo 	of Q if f oront zo1 tic pro cct2 by Ca i trwn- l V 
in I S5, oa11ot tbo Ctnbto Elcctrontc Configuration 111ado1v 
ar %cLo boc' Veg7 cuecaoof 1p op tic t rctz o the 
anonQXSaa put forth by othor h7øthD Q 

co?&tn . to the cdo1, tutr*3 to foiintton of 
eonancad ooItel a oto, t o2.onco o1cctrono can fro dt4dod. into 
1ociiEc1 r non1ootUcc1 parto4 	dactzibutIon boa 

,been ocp IEnontQ11y voi1.f .cti by Zoray att toe of aoxao 
t ansition ito1a given In tho foUauXn to oe 

6 

ó~Y~' 	 ócC 	 ~Y kIW 	1ó'Sy~fi~r1M i t 

ectPofe 	I port 	OPert 

0 	3,G3 
3 aloe 

Tho 1ocolttcd fraction, of thoco oioa ono . o r a fotrly  
bond ap©ctrum of eonflCurationO i to 3ifoz In thot  
onorcottc otobllittoo goo* Antbor ootwa of frog ,ono yp 



co that alona with tho voiy Gtobio confteurottono the 

QtPOQ CO 19 	tcb tors logo o o1 a or Own unctnblø. If 
vo shit', to the fact that the otcttotioa3. uo2 Gbto of tho 
cict onoi'dotieci1y otihto o1oc onto oonfit,twottons o 

cionai6000bly CL'OotOZ than the voiCht of the unttcb1.o of oo, 
tSO can A83tfl to each 0"Ej. stctoo of 0 11MItm number of 

oto'blo confturottonz I tt ocn the otob o o 	w.'citionc 
and tbo non cialt. 9 fraetton of to valonoo olectrorty, 

tharo occur o bn joc t tc 	o oiziotbio for tho brngo 
butt son pairs of atoblo eanfteura la c. The stablo electronic 

conficuotiona for 6 ct la oro 4 0  4 and + 0an aecor hI3 
to the dogroo of c ooca tag, onor ithb .lty theco con bo  

arrnnjc6 In the or or + 6-410  'e In t mtot o vio  picture to 
also ob, v ed .fior . ' - el nto0  tho atoms of btch eon form 

otebho t0  Of 9  and f1%onfigurctionc tie 	hwirg the 

n m stub& 7. 

tccuthg that foo trnnoitcn itox Qtoma in the 

free atoto utth tho rnb? of 6 OIL etronoe  a ( 6, only to  
atabio confirurottono 6 nn. tag  Of 71 ca3.ttcd olootrono 

APO forte, dual 	C 	on flofl cooffiotont data) the 
1 

atattutie l i ot,chto of otoraa havt c cttbte d 	co L w ottono 
(s GC) In the motiU tc ery etol boo b cn dotermt t v  1ci 
ore Itotod ID the oUoutn tbioo 



•c4TXc1'rcitL TErOH '' OF 3TIUtI3 ELCCTftOUXC COtW3UIbflO S 
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flac a 	afao 01OC Of 
óonttuiotto 	in 
i 	].ot 	atoms 

Stat Lt Cal tatcht Of 
eonfurstono  

Irk 

Cc &4D 0 

Ti M.2  402  7 42 0 

V 3d.34o2 7 03 0 
CI a 	' 0 

3 	42 oG 
Pa 3642  0 64 45► 
Co 3d7 6& 0 213 72 

3842 0 
Cu 343'0 41 0 ID 

s 27 0 
SID 620 

ITh 4d4 	403- 0 

0 

s 	601  

flu sot 0 80 20 

th 4613 	S, e1 0 CD 40 

P3 ,aDO 0 82 
AC  0 93 



.o 6i1 Go2  30 0 

fig 2 6 46 o 0 

s► 0 

644  Cat2  0 

110 0 0 

on 56G sag 
. 

0 13 

667  00 0 as .5 

Pt O & 0 
051 	w3,  0 ca 

?iol+ n as avovcgo - for Jn of Cr oM Vol for do of r2o a 	l Ru 

The me 6AC vo1uen boo boon -'o 	tic .acoodtzn to 

tho foot 

p 	• iôos 

po  D 	 fl 

"tore 4 .o fi o nutbr or .+ caa . ci O r V Oo Glallar] . 

for =tole dri i 8( 	( 0 tho UC of 6 on Os ò  
eonfinrottonc is aavon b 4 

PS 

P10 s 	. 1003 

Zn tho Coco of o tm].t art alu lino c,) th ootu10 o iotoJ.o) 

do tC Qfla3r to to for oto o c2,. C,r-^t-c3 atiO O, 



Po r 	ca3to ,o r of oicaEt3 1O. Cp ].c cnto 
tho to lot4nt forturoo cro oot$cc p 

	

L o 	o onoojottc£1t; cct otQblo CoflfCLWottOflo o&'O coop 

o of, 

	

20 	Tho onor otie otabfltty of Op. c iuottono to 
rc~9? ocS 

 
cc wo tt onse the pr ino1pa1 qtzi sib of tPio 

volonco Dow olce i"rons# 

	

30 	431on cnta 000 icoiota3 otomsitt1 P OL Sl 
volenco electron tort to oCQu 	the 	o otoblo Opp 
configurotton otsf ,, to o.-.-p t aaotttono, 

	

4. 	t1otonto to so tcolotc etomo hcVQ O P3 Cor 'ig~asotionD 
(o, c, tD P) of na to 0 -,p tronoittono by to 3Ohcro  
opt' --. opt o. 09 toad to acquire oe con ' coons a4th ttoot.y 
bon o2 oloctronc or throe +mod ttonai olcetronc tit . tnottton 
to to otDblo o p contritZ.on. 

so,in olcmcntc tivtng d 	or 0 	~lBuVationp 

0p6 configu 1ton to fort6,  

	

0, 	bcn po•os o 0 o-sj, tranoitiono c o rco l.icc only arc. 
Z3u0b trottsttionc Loi i to the for ation o? z ovo otobte 

	

cp 	flct`otIona othop 7t th03T E: ' 0 oupOoccd0 

tt y b3 fu'tbor not4O i tot tlo for 0 -, an  
eonftgurotiona the ancrgotIG otabil y iroroosoc utt 

prtncip1 qemtuLi nurbcp of the valonce o3octrono the 

'ovopco 1.a true for o-. c cp o1cic3tQ0 The o (j Of 



oonftcupatton CpOot'ii i t,ft . vortotton of tot r turn has 

of eo concluded that the DobiLour of 42 	t• oionto 
tc oppootto t,that of 0.0 . S . ale te; In t` o for 
cc ca with ingracoin to p3* Qt d the ftOC  

2.4 Mi:Te AIXX 

Tho occur co of ioi td Douttono or!4 ►teed i to pha000 
In bthr conctittbono] dtntrnmc of tZanottton uotolc can, 
be Thfr]y Lntetprctcd on the basis of the for•tton of 
stobic ooec tr ntc d `« coifigurattono by Gp3onttouo, 

t hon o: 	to hovo 	flitv SU1 SC vo3.uc q then Au; 	tho 
ozchonco of o ctrono bo om to u1tzcc am] n4oa .i t 
OtotOB as IntLOn ObOU0D tho?O tc t .lit ponctbtltti of 
the for m tton of Otablo localized CO ftCU OtIOnS in tho 
ayOtee tt most of the electrons ' Are thue In the none 
locnitzo ctota, 	tg rt Ca to solid cg utjons, Zn 
compound for Lion the pecitton Is othoiioo, i.o, eopound 
formation In fovouroblo hen there to .^re difforor a 
be + on t' O 1, MC voluoc of to eoiutrnnent oleonto 

in cecordancowith the nbeve ozcitiotIon, it Is 
Bound that tho Solid Colubiltt P Of tr1IQ1tiOfl Motels In 
T tr harm docrooce c a2 tea increasing 5tA3C of the coluto 

ti 
rtoto1 atoms bov1n, a otbl d co ''tCW c OO. Iur o2 

iv 	IV 	V 	v rt V% 	V 
in b roar y ay tom c ' ,~, 	E 	, t1 	' 



upto 2S3 dtftosfonoo in 8UJ SC, contLnizouc odd.2 oo].ution s 

Oro 0bQarV 	rd. $ocr0000 in thLO Vciiuo eoli6 

o +1utlofltt appzciadh to tt~od1ity.With a €M he 8UASC 
2 iffo onco than 16S3 docoiiposition of coii colutton into 
&ia • p1aaa to obaa vc9. Io entG from tho aorno Croup 

nrii bOi.o I 	pith+ tho 6th or 	 poto for+,, atith 
oicrionta of otho? groupo oth11cr conotttu ion4 d ar of tO , 

do otcmcnto from the some group but bloth to the 
4th pototi, form o oh typeD of d to !c a 	iG t o boeau co 

of tho Pact that dt*Ttroneo of 60 GUM C oi 0th and 6th 

portod 010ac"to of the nos Group to c nUtcontly srnol1o' 
than the corroa 	.i , 6 foroncOD bot oon olcmontn of tho 

•same Croup in the 4th and 6th per tci o rn in the 4th and 

8th periods roopaattve1ye, 

Arc t2OntttOn teta. compourzio typtool 0mrn QS 

may bO ett 	o z hytttdoS flti ebtdO0c Xt has ba 
suggested to explain 'tho maximum amount of yArogo 
uboorboti by the c iy transition motal a f peztjitC table 
and its ro1atiancbtp ttth 8UJC, ' Qt to 6oror capacity of 
vo ious transition. total atoms decroacoa -nth inch aao in 

the 	C 1 teh iVO 0 r A fro to )►fit O oQr 1robob l ity Of f orMIDS 

otablo cc eonfturottonO of byirogon ctr me and con qucntly 

looser do do of )ydroon o1ubI1tty 

The stable elcotronic Doh i a atton rztiol alco  



adcgL2 itciy ozplotnO tho nnturo of ro  frc etory corbt8o 
pbococ3. Oinco all tho troncttton r of o Ora donrc of 
voiortco olcotronc, t otm of mbt6o fo ttmm. con bo urdom. 
atooa in toi' mo of tho tc2ncfor of non1ooIizcd t one+ 
o ectrono cry so 	ototIi.tzo tbo Orp.►conf iurottono of 
carbon otoiis to difforont onfion , Tho doOm onpacity. 
of tranottton metoi dooronsoc with tho I emooac tn #hot, 
volono oloctron localization , t.o, from Zfl ;gaup cotol c 
to VI Groups cot .+ and correapon h 1y Vao otabfltsotion 
of Lpp.. Configuration of carbon acorn t2cCVOnDOu. or tha 
IV group ranz3ttton unto coi btdoo tho stobili2otiQn of 
f . eonf . urntion is 	tirn itch cir t oa tho ;o. 
OtronCor tneoap3rmaon to 12Q. t o bon0 This 3w tif.00 tho 
availability of on1r 	caabtcdos in *MO of " l9 j  r 
lit ¶boroa the V group txnnattion OtQ1t3 t  in add ttton to 
monocarbidoo, forms semlcombtdeo. orovOr, the ' o onot 
mango in can+ of XV group metal oonocavtidoo (`tco Zrc, fc)  
to utdor no cpnrc with thot of V group transition ootnl 

.onoc btdOC (VC,, Nbc, mc ). 
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34 qs 

bo forms to to y 	in the first on thtoa'c1oto pbt co  
fort t ircetly during fooing froE MC 1AuA t. VOULl o 

a it w is the cvliiio cn ig.Auiduo ctKoo0 The Docon6 irnp 

in iihtci en tD or t t ►tQ pbfGO ny bo fotod during f'ootng 
io by a por1tootta re of -On bottoOn COI A3 an Brut& in ~a 

portly o,lidtfLo1 ollo . he toraaton of 1.ztarMo t0 
'Doos (or Solid oolutions) is o cwncr n" pr00000 Of fitting 

unlika atoms to6othor on n stoble r nao: t in spnco* Tho 

O o tb u'. moose (or phases) io that 	givc tho to of 

peoc tt ,o froc onor ey of the yctc oast thr cbanaoG in froo 
on orgy run o tots t tth the. choice Of cornttvo structures 

4' 
control the ouii2.briuu ph000, 

Ybo intcrerdtote pha€ n are c oo3ific t into throe 
3,4 cotoCor .00 $ the •Wormal valor icy oo po u s In witch the 

otoao display their Sr i Vo tMCIOO l a fOT f .+ n Of 
uch cc pIauMC Io CovOZf . by norzil v o oy rt loO; the 

st loctron Compcsa s' in `uhich the tppcc'artcO Of 0 porttcu3.o 
otructoro roq Iron a perticular olcctrot9 oton ratio, erni  

no oto4.c'hLo tx y tr, es oetntO vt h thto typo of sass; 
o 'Ctzzo rootor Phnoao'  btet arc forrx by the offtotont 

packing tocothor of ctoe of different 0 .200 on are usually 
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a os~yc ated 4th iioll defined stolch iomtr Ic compo of ttanzo 

It is usually found that several types of atomic 
interaction are simultaneously involved in a metallic phase, 
and of course the structure and properties actual y assumed 
dopond on the resultant effect* In extreme cases the 
structure can be understood in terms of one typo of 
Interaction onlye The great majority of cases are 
intermediate in character# and although the appearance of 
a given structure can fre luontl.y be correlated with some one 
property of the atom concerncd , e.g. aizo or valsnay9 It is 
generally true that the other properties of the atom concerned 

must not be unfavourable to t' o formation of the structure* 
This would Imply, fop o=mple that for the formation of 

electron phases the siza factor should not be unfaaoura.blo 

and vt,uo-vursu . 

The present chapter to intended to discuss only In 

brief •some transition metal intormodinto phases,, namely, 

$tgma Pharos, Chi phases and Laves Phasuc In binary 

s stOmO9 ihich will form the part of our discussion of the 

stability of those phases on the basis at Stoblo Bioctronic 

Configuration modal. l3uffictont literature, howovor, is 
available Ich duals '4th the various aspeCts of the 

ucau ncO,, atabllity and structure of van .oua intormed Late 
2. ,13 £} 

pha s4a,. 

n a o has received much detailed att©ution,D 

., 



chiofly bocouca of tho + cti'tczantol offocto ticb tbo formation 
of tMMO pb000 boo on tho propettoc of thurtrl o13oyO. 
Proetpitntion of 6taza phaao in comb ozea o t alloys h vtnç 
bt t to poratuuo stro th roculto in omibr'tttlo3cnt 

o cto pharo boa a CompleE tOtrot3Onci QtrIaCt+ O Faith 
e " 	O.&2 avt 30 stark pop unit cc ,  T'ho ar Jon Ly of 
phococ to fain in oyatc o tnhvolvtT13 tho OnOtttOn olcxonta of 
Group V or VI (nof re& to cc tho A co 	nt) idth a tPonottton 

tni of avoup VII ao VIII (roforrc to no to D com nont), 
Tvtdenco obtoined utth au on diffraction cccooto that Many of 

gets 
tho at ►. p1 a000 ora ordOrE, 	Qtantf' cant footuroo of thin 
p,oco arc brand ho conoit3t Hurts art the cotz cttion t 
t pOr tUrO ranco of stability are not tho Q 	in the cflffonont 
a. loy t o. Fon otcrplo, In the Fo.'V or3 ro n , oyctozo thO 
Cigon phoco forms from the primary oC - ao t oolutton and 2o 
of bl.o to room or ordinary 	pour s g in o. Dyctom by 
poriteette roQctton orb: it is atobie to room tOiponaturo and 
to tbo M. o cyotoma by pcnttcctic rooetton but It undorg000 
on outoetotd c ocomposittOn to the primary toc2noi oclid  

ociutton ran to thox- p aBo (o( ut typo)* In n-I`o .yatom 
iicb to thO boot try Mr p o of the &tom. Oats, it to bird 
ond brittle1 n v a cnatio at ondtnry tczpcvatuioo cri a err 
canIuetov of olcotrictty. In boat roototant oUoyC and eo plo 

stool o tha,~-' pha o O3y bo pr ct pitotcd ot, nc tofuity com oott 1 
control or host trootont, in a forathat coofono inforion 
mebonlcol propont$oo on tho antortaI, Cor co * uontlyg 



corivt6orcblo offort hers boon dcvot+ 9 to Otu ytnG tho conlittona  
of Ito foruotton and vortouu copooto f ito tdo of proetpt-

tcttofr There care rtouco forty !fivO tot,n binary oospico 

of the Siam pha ; - tho affect of a third o.ouiont boo boon 
tnvoottcjntc6 In my tuportont oyo oir ov in a lot, tornory 
oyotomo the tg phno to for cd +e cru it to not four in 
the eorroopot2tn j three bthoy cyct000c 

1I is n door ivx teatton that oicctwonte constdornuono 
conotituto an Important teeter in the atabi1tcotton of tho  

etno pheco. For onciplo In the Cr 1 ,mot"o, Cr.Ntt, Cr4Tii, 
an f r ft.P nyotcz]o the Shan phnoO o t nto in ternory alloys,, 
htlo no such phone hoc been found Itn the C*$3t binary oyctco 

Similarly* In the binary . stemsctemn ¶hCo j Vi, V«..Po, Cr.Co, 
Grp.' 6 aM cr.4n the &gEio phoco fiO 6 to o of o by tho 

4g,6 
addition of St. 	On the other hn , Il has boon chon to 
have the o pootto effect r #ueing the cevpo composition renno of 
Qtgoa torznntton in Fo ► o Fe.V and CrCo aUoyo. It hoe 
boon auoto6 tot thoco tontorieteO can be unlootood in 
terms of electronic offoetos the rolotivoly ooctronontivo 
1 Cool P) incrooco the toleronco of Cho Ltc.o phone for 

oloctropoBtti~ro oIc rnto ouch as V or , by oecoptIn tho 
otitttonnl oloctrona Emdo ovot1bio by o olornonto, t htlo 
the u + ttton of Al, a rolntivc.y oloetro aotttvo olooento 
tncronoon the electron concentration on.. ) than 	uc cu the 
evn it o blo number of V or Cr atoms in the otructuro, All 
t' is evidence supports the point of ¶4ev that the 6tema phoso 



.3a.. 

to oix ontto11y an "o3actron coapoun". In o ' o10 cmav 
approGcb, tho Qt v pposo la ro a ms cc contoUc E by the 
(*.p) electron conoon attoa, tihith to onoz'o11y In the 

r+~nat ' *2•..*01 the o/o rntlo vorton in the aiaa £ .O to 7.6, 
A ehon o in the offoettvo vnloncy of a ti'oflflLtIon eeto1 Faith 
a ebcn o In tho o octronic chnPacto' of the cturoun ice, otoon 
no boon po l3c by 13 of oo or 	toin cncitUoa in the 

colculotton of the volonciou of tcinOtttoc cotcin are 
rcovct2. 

t1ovcvor,, 00c30 cUt2 -:A boltovo that bath the ctoQtc 
oleo ?actor nn n the of cetroute factor contuto to the 
forittton nrrr3 otobtitty of &toz p ►nooc, 2o itportoneo of 

otgo factor to tncflootc by , o obcorvottor thot the tornporotur, 

rc o of otobtitty of Como btry tcLza phacoo docrociooa cc 

the radius votto tner0000& o con bo incxoro6 by thô 

eAdtt on of a third coo rant, 

The occurrence of "too pbaaoo in binary oyctccia 

to c ortccd t to toctteoily" In rice S, 't c O cosh r'octon.o 

roproconto the phew d i raD bottacn trendtide Male of 
typo f gar DO Ord in glair the rangoe of Ql(Z pbr co for tton 

are of 1, it to of significantthat the gboco dodo not 

DecorIn ll Co000 nt tho ccto prottcDtO c D oottton but 

In Cono: a3.f for phococ isovtt the OODO a oicMantc (from 
Group V or Group i) In o ni bdr of AD oy& c c a j tho 



iiaia 

I 
100 

B  

Fig.4. Occurrence and ranges of stability of Sigma 
phases in binary systems of transition metals. 



eoc poaiUion shift towards A no tho nwibor of oloctroiw 

outott o tilled ohoflo (or Group rum'bos) tncr000 in tho 

B o1e onto (f'ot group VII or VIII), This s tondoncy is eil 
iUuatroted in the nbovo Piguro and tndjctoo the oEtorit to 

te oloctronto factoro control the for o ton of tgixr  
pbco, The binary 	notttonmotQ1 syetc ip tboro the St La a 
pbnso occuro, ore 1Latct In the Appondt X thtcoting the 
cot pe ttton POT OO$  Rflt3 rr electron rnt ..on end the 
to iporoturoo of tho occurrence. 

Soso MIM2 

This tntori c into pheo to tocoiphouo tot► o< - t, snd 
2 no kr o to occur I.n 17 binory oyctczt of tronoittan 
c of s, All but ttto of the Sy ems involve technetium or  

rbo to i from tho to group as the 8 c penon ; In tho rcrnothin, 
tLo ph000s Co to  the 9 coponont. Zn ovozy enec A 

component to from the lilA to VIA transition betol groups. 
Those binory CM. pha=o= ore Hated In Appontiz4i. 

The compoitton3 of the various Ch p coO oleo 
othtbtt ay 6toLnttc tttfto t*4ch dependupon tho poatt o nu 
of the coripononto in the periodic tob .o. P rollollnG the 
pattern obsorvc6 for Slamphuco, the c,ripocitton range of 
otnbtl.tty of phoneD haVinG the antic A cdtiponont Shifts to 

h iCbor .A concentration as the group nucbor (ivabcr of 
oloetrono outatdo of fS1ted obollu) of the cooponont 
incroecea, no can be coon$  for copp1o1  it the cocuonco 



tl . a,, flbRo,flb . 00,. The offoat of Ct In ctobt1tth tho 
)Catructuro to perollol to the offaat or the Gtia phato 

presumably the 8tabiltzIn E2 chcntom oporatoo for the onto 
eoenon, In tornory Chi phnooe the A oocponont foi1ot c the 
come Vattor on In binary ollo a, thi10 the other teo  
ceoponontO net together an 8 typo atomo0 

Thuo, there is zJtron& ovtdcroe that c cotrono factors  foctaro 
play a part in dotorc tntna the Stab ty of the Chi phnooa, 
the 	ctron, coneontrotton over t i the etructuro to toblo 
ranging froe 6.2 to 7,0, as clear frog the table for alloyo 
of Teo Re Via, ich to much smeller than the rcorroopondInG 
range for d- ph000 atoblitty. This cnstrotoa the ltaLtca 
opplicnbtlity of the aimplo criterion f average electron 
concentration tn COrrO1OttnIJ the oecw onco of thin anti other 
rotated at.rueturo typoo, The rodtuo ratio voluon for binary 
Gyotouo g van in Apponht2.II Ito in the ~t .:rr ,o of 1.017.10 07 
irni indeed ago offocto may a II be on ti . to.nt fonturo of 
Cht.pbriee forn tton, sinceo the A sari c; .. 3 to al uoya from 
2 to 20 larger than the D coiponont cry Rrta ,n oboancoo 
of CU. ph0000 can ho eorrol twith o 2. ,o ro to fulfill thin 
condition* 

Therefore, it may be conclUaefI that both of , otrontc 

structure end and atoc tc size factor E*v n the oceuranco of 
Chi.pbocoo. The forr or oo o to be roar noiblo for 
tntroductng n coleottvtty in the cbocQ of A and B cocononto 
and a nyatczt .o corpoottton ohift tear to that obocrvcd 
for otcv phaoon The latter dough ito o1Roet on apace 



+may tnfucnco the ortent to 1th the '-phso can 
fcivourobiy eocipoto for str bility with other It t icictc 

ppa 1300, 
Clo co].y ro1cito to the . Gtr Ord Chi P o o0 are the 

coQpioli P,, R, / (tom) n  9 t (d oltc) pha co o on for ° .rat y 
9 

tho ro ar any 'consult tho wart of 1 ovitt or Cu.Roth y 
4 

o,ci # 

3010 WEar 	*i 

£tny , torrcdttO pbacoo possooc one of the fo11a4in 
tbioo ro1otc atrueturo of aonorril forwulc Jig, oorip11tted  
by the three prototype otructuroa bocci on trCootw 8 

ct) " Crn I the C13 ctructurof  Cubte i tb poet 

Ai TSB' Awl 
U s the C14 atruoturo, hcaogona1$ sitb pe4ng of 

pionec of ototiC roprecortt by the [ onor 1 oo'QU0nee ftDit13JU3t  

otc; 
a) I , NNi2 the C36 ctrt eturo, h a(onolt  utt . 9-hctt 

T:ueh of the original work on thoco ctractu.o to duo 
to Logos ant ht cocoetc tOop Par t44o r00 00n t .o t1o0 

group of thoco ro1otc 4 phi€ oc are frc uontly coUc5 the 

L voc phcL300. 
13 

A irco numb" of ooepou o i ro tc ct uctorc vi . 
the obooa t`aweoO Unn0, Of the I3 bthcry Laver arcs 
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2 
rovtoe by r7ovit ,. 230 havo a transition ootnl for atloast 
Ono of the ComPOfOntO, 262 ho the i Cry. type otruo uro,,. 

01 the ba gonal t 3 Zr typo ond only ' the ooncl tj1L1typo  
strueturo • 'Jaualty the t tJt2 typo to fob in toinory *1loy 

" o nb*VO struoturco inVOIVO a Q OC1 , P t orabip 
botwoOn 1orCor (.) and r1lt (B) etot3O utd they brave corte h 

84.38 
cooriotrtcol features in ooczmon 	hat can be boot t1ltated 
I to8rttcnhly. The . ottUoo of the arCor A atomn oro 
eonetructcd from double icyoraa itth 	iaonol trot r1z, tiith 
ongb A atom of the unpor layer diPcOtty obovo ono in the lotier 
layer* The I otoai z'opr000nt the A otoo In the tiree 
proto ypo structures* For the g Cu 	.ructuro a portion of 
each ho togona]. double layer to tilustrntc In f t .G Ca), and 
the three d ublo layers are 3o lad 	Y erd 2. The ,firot 
double lnyyr is roproocntcd by the otcht atoms in X position nrd~ 
the second double layer ta ropreccntcd by the to atorc in 
Y poitton, it to identical r th the ftet but is shifted 

laterallyo the Third layer is again di G lcccd latora yr. 

'rho voDult 	ooruoneo iy bo dencrtbc1 ;;o TZXYZ --oftc. (b) 
and BCe) ohove tint in the owo do$ 2p on the rzn3 and  

structures will , bo roproented by the YUX. w 
nvtt XYtU2,14,stnehtn of the .logo t! atomo respectively. 

Tho c mgtor B MUM of the o'. or ctolo Oro grouped 



OA atoms 

III 
MgZn2 	 MgNi2  

(b) 	 (c) 

Fig.5. Distribution of A atoms and stacking of 
double layers in Laves phases. 



oust the 	atoms in totrobcrcI acboce that differ SOM0 f c t 
in the three types of structure*  Thto to illuotrotcd In Ir leoG. 

In the !gCIM structure the Cu ate Ito of the corners of the 
tetrbctro i tch are in contact aatl Quango thto a Houk 
oc c' o n in t ,6Ce) • Thc 1r-rCa2 Z.3 atoms Ito In the 'hod.o 
botw en tho totrotoiro forie2 bar tho Cu atoQo. Th potter of 
the tetrahedra in the rlgCu2 structure to auth that the A atoms 
in this description t y be sour t lie on a cubic lottice. 
The hexagon . n rinoont of douLlo layers is nod* ouo to 
Zinc bloni o typo of structure, 

In the Z1 Zn typo of  ctnucturo Ito ovzellcr 13 atoms 
Or Zn) are ng to arron od Into totra1crn but those are ro 

3otned oltorn ►toly 	bee . -1 cornor to. corn r no &OU 

in g.6(b). In this arrangement this A. atoruog  fitted bet1ocn 
the totrhodra, nou occupy a tutu'Ito-ot j o lettico. bar 

ikr ngc c nt of totrohetro In the y ' t2 Nt2 structure reproacnts 
a tntxturo Of t+ other to  	, , 	, :4n 

the A 4oran con bo doscrtbct n Wine located on n lattteo 
corroopontng to a rzizturo of r21ns. o 9 cubic (or inc bio e ) 
not wuVtei.to typo, structuroo. 

It to boitevod that ti o tai in reason for the o f Wterce 

of Lewd ph000c is of a of otrIcal or in that of filling 
spocoin a e nvonlont irny 	* The c a .m otc n of a 1r rfa. 

number of Lt vo pnn.coo et o o tct n detorminin factor in 
t to forznotton of thooc phocoo t t t rolotivo atomic a to 
of the conotituont atoms tcaa*xx coy may come fro z my port 



STRUCTURE OF METALS 

atoms 

MgZn2 	 MgNi2 
(b) 	 (c) 

Fig.6. Distribution of B atoms and stacking of 
tetrahedra in Laves phases. 
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of tho Po Io io TCtbio ,en6 tho ft cto n one 	cxi 
o t3 ctoc In onthor On the biota of o b d 3 a'o rrncttnc  
OI, tho tdo1 ratio of the atomicc dte tc 	d1/'&r for the 

f©v ttofl of the Lovoa pbocoo to (3/s) or 3.. 0 a t ovor o1oon 
tho ratios of the rc t (or dt torc) 6o not eitcyo coe ato 
co?vooPOflt to o most 29c . pücTthC crn to cc of the  
obcorvc6 pbc oou they Gov &cto lrlthtfl a engO of 1.0$ to i. 
ord bocouso of this goectrtet1 roqut c•s t , Ioc3dr1ott3 roncoo 
to those eoc you s Oro gonera .ly cirieU 	, it to to be 
nrtc that In aU eases the A ezponorit le ). cr in DUO then 
tho 8 coop ncit, It hoc been cuCCOMM that to rc2tt of the  
~►ur r O C OntC sZC not ZW tc forte tQCt0 ' tE in, ICOt1fe, t t 
of the three otruoturoc fo , it is only necoG y that the 
A atomi be lorcor than to B atom an that thc be ublo to 
eor2troet or ozpn8 to cieh iovo nearly the .dc ratio of 1.926. 

Athough the otoito Ciao footer to tortont in the 

'o'rt tton •tong etsb2ltty of the Loves pcoc o2cotror*tc 
tnflucn006 OOO to 'ply on t po 3flt role4 'or ooclo, 
tavoo om ttto hZVVO EOtfl that the GlOCtCE OflOCTht11tiOfl 

6otorminos idteb of tho three structures fext in the poc ,),- 
bt ory c'ctcz0 or h G Cu x.26 15 	vtth 1 .D srC Q3 j. With 
tncroor inG a :cotron concon otton one or =ro of the Loves 
phacoo arc fercd 2x the or6or t Cuj, Vw, T?G tjZrz otruoturoo 

. If to otso factor ucpo the only ctc•nt covonthg  
tho ouiotcneo of Lrvoo pbacoo, each *iococ t 	bo +o ctci 



IC. 

or tho ctatcht,r?ctr is ea a$ttionQ ffCu , Z.f ! 1, , t'0 Cot 

1W,T1 , t;b!3 ,, "'cCu , Ta1 3ogg, '! tCu2, Alltog ,.Co2 r tCU2, vnlr). 
2rCt9.:)nt3 Z t t2, 	of teb hovo a dicactor r it 	dthth 
tho proacsri 	rar o. 'Me nonortctonco o~ y Lavou ta;~cas cat 
such Co o ttjona to further iwitoott,n 'Gent ooxaothin , i 3.ao 

16 
such as oio6trontc concontrotton to 	 ?o come 
e,n luS .on is drown ion it to foutu3 t' at t :+ o are,, foi 
+at ple,' t3 cocthtnnttona of cc group elccow: a (.nelwl in a o 
lanthantl acr too )with Cu croup olur eta vvo 00 Pas tuEl rf .t !,)a 

2 
Ito Iotteor I,U , nr i 1,&P, but tone force a L voa pb so • 

-`urtborr rc,, tho a ►peori :eo of Carr r. L . VOc )hawaa on a 3 tt .a~^ 
of ct r1horo no ouch pha000 forrl in bt :t'y cyatema, np-n .h 
tr4tcoto n atron influonco of t'c o1ctz1 ; ic of cct on to 
stabilization of Laves pbaaca 	W 

16 
Elliott and i, otO *0r have bUcC:? an 3 lyatO of thi 

psri is vartatvm of the oceurronco .nn1 the eryotni strasttu e 
of tho Invo phaacs In various tranttto 	tat oy3tcta on 
the ascun pion that t1lou .a :.ono av l? ovarn theu c 
typos In their no3ol, Laves phase don : occur at an c1:ctron 
concentration bolov about 1,4 +'corona per atom. At c1ceton 
concentrations botteon 1. -rt1 12 dIc tiro o to." atom to 
r"gCu2 t tpa to otoblo. The Tin oceu et. aloctron concont oVio 
b,otvoen 108 cn 1,3 olectrono or ato a#, tile the t gC*ii typo 

again en. 10 stability when oluatrons eto ratXo oE000l 8 
coo ctab'Vl tty rancea - f btnerp Lnvcor, .nca J utth Ti oyrl r, ' !"are 
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ohoin in flu.?. The Laveo pbc cOQ .forocd by transition c9tclo 
aro 1 vtod in Ippotdir. -,III* 

Tho LavoD pbn000 in Toro torah olczonta oro diocuocod  
43 

by lie Pastors and O*ohne2noX 	Th ao ore liatc in Appordln.* 
it Is obaorvc1 thct tho rnro or r o ah ngo b0bQVO no the A 
olocont (tho largor aizo portnor ), The D portnor (emalUor 
atoms) Is aeon to be lie, Po,,Co,?12. on thotr coconora and 
li nn Al. For the 3 olomont fci toc of l$  Fo Co n 
poosibly Vtl  no Lovoo poses ore forccd by tho first fou 
tnomboro of the rarc earth h oortoo0  For i-n the firot Lnvoo 
phase foiuei is Odfln nd for Fe the L0P02 on PgPo2 on 
NdFo2 phasoo do not form but COFO and U 'c do fore • Tho 
nEi std w erd non.ozistanee of Loved phacoe for thoco B 
motolo arc ouito Interesting*  If DIIO ucro the only foctor 
tnfluonotug this altuationv  then one Could expect to find that 

o to rod tuo ratio for tvo o:L 000n o boCam3 greater than. 
a eortntn crtttacl value no Lavoo p aso would form#  and 
bolos this volute they -dill fora* A plot of V OWWS rotioo 
of the Imoun an the lrnoun.nono.ztatont rare oarth ennjonone, 
Iron 9  - Cobalt,, Tztchol on the tonary rare oartbeogonoso, 
Iron Lav o co pour1t1 V the 	ot ni rodiva (t.o A / 'tn 
e 

 
Plot) to found to o3thtbtt a curved 'oritical r Cue 

ratio tne 0  acpar t 	the t o rc tons. It to point d out 
that if only a disc offect or+o operative one a ula opcct 
a horisontal line, but, the ouictonco of a curved line it tcotoo 
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Fig.?. Stability ranges of binary titanium- and 
zirconium- Laves phases. 
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that tho oloctron eoncontrotton eftccta alto play an 
irn,ortanC .'olo in doto?aining the o UUtoneo or nonaortatönco 
of Chaco phaaao, 

Uoznic on Co oPIoD b ;vo C 3Cootc that the ahaMo 
in strueturo from fljCu.CubLo to Zr, o ;anal for 
Ooupout a t 9ch occurs at 	10 c U0 to o ffljjp  of tho 
Drilloux ono bo 'uco of oloc on t a otcr frn N to 'roro 
eartha, tch tnc 'oa o as 'io prococ4 nion3 the rare onrth  
aortoa, 6tvtn rico to an c ditionol + + roaco in tho lattice 

conctant, ooVOr, Fos- othor co unaa it to not ao clonr  
no foo the A14% coapounn. 

46 
Dui t ho diocucoct the fo atton of Lagos phocoo 

conpoco of of cnt of X, U U and III Toni, portolø as B 
olionta, He o' o that the cry seal utrueturoi of the Lo oc 
ppnoo to #obis to the pocdtiono of partners in pert is 
tablo ar-i Loco £o1otinohtps can bc utiltd to pr int 

the otrueturol rot ctionc in Un1 Own may, ternary ani as 
qu to nary ,yo s, 

Drtntj t' a lost fo i years attenptc havo 'boon oontinuoiaaiy 

oin on to arrive at 00C3 unit it op pooch in 1oalivjpith 
the conples problem of alloy ebowistry of aotoll31  p rttoulari r 

of tronottion ztolo. Though, the t ootteol Bond col 
catiofoetorily aEplains oozio physics p portto3 but it to 



unablo to o3p1otrL comp1øto3. r tho Ott bi1tt of aUoy phecos 
in c3ta10o 

• !ho ozpotntoi .roate!»to ObttICd by oar1r tokoo, _ mainly 
and his nccictatoo led to the pro sal that the 

t roo main factors visa  olcctronc ctivtty, ofto and otoctronto 
c oncontrOtiOf faOto f , dotermtha the structure and otab .xty 
of pbacoo. f'a doubt, tho influence of otoctronocattvtt3, and  
*Inc factor iouoll evident in certain cases0  but from a 
detailed study of the alloy chocitstrr of transition Data]. and 
rcro oorth of onto it is oven roro rloarly revocl that the 

aia3o ity of orkorz3 in this field tocoanizo the Goal 
ii p rtcncc of the olcictronto fetor0 

Tho purposo of the present  rk 10 to provido a brief 

rev iov of our present Ototo of 'bnoulcd o about the clootronic 
structure of transition motaL c and the stability  of somo of 

thou' :h.tormodiato pbaco, oroovcr 0 it is hoped that the 
present work ulli be ebb o to offor a not approach for the 
treatment + of the eoopau problem of thó atobility of 
tnttacdiot0 ph oon so cc to be helpful in the scorch of 
a unif ted approach for the n3.toy clout otry of motels, The 
treateont to based on thou oc tunic conficuration t4odot 
proposed by (3ama nov, Thó throo pbaaoo f  namo).y 
Chi and Loves phocco use colcetod or y bocouao era data cr0 
avoilab o in their case on alco bocauco Choy hove boon 



tba subject of ab dtscusstor a th* literature* ?urtb.raor., 
the taportanc• or •tectronie rector in all the throe selected 
pho see i v11 vldant, idhtebmake tae suitmbi* for this 
d iseussiou regarding their for, rtions ax Q stability in % tares 
of the electronic con'igurations 
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3aotlficotton to iflta'OcdtQto ptz000 otho ' zn tho cbad 
on tho noblo Motola. It to tncro of l ovtc3ont for o plo, 
that tho OtCupboc poo ocoo fclotuoc of on olact n aao 
one Oo do ci,.c o otbor vnrtciblo eoopottton n6OO such ors Chi. 
u, P 	tl,, bncct9 on t.'onoltion o1 Tonto. 1ineo tho 4 

oloetrona In tho tvonoition of aent un 2o0t.0nobly contributo 
to o/ in tho 'o ntton -cry" thoco piouoot tho dototlo of ponotblo 
olcetronto tntoroctiono in tho onottton notal tntorscdiota 
pb000c oro bouni to bo co +1+ , 

Zo Laws phone prosont a p8rtiou ly intoro tip a 
difficult P robloa a 	oy ttoro origtnoUy - ought to bo aizo 
facto Øot33uflSo ttth r od luc ratio noon to that of tho t onl 
vnluo l.26 	ow tnvoottrjotien bovo,ouO1Voohon tot 
- o any bo for=d with rciucl ratios for 	ovc from tho 
Wool oni ouOal outhoro bovo ou Ooto that It to no 
lon o' 3uotU 'tnblo to rotjaid thccl an also factor compounds 
in s oiO en OO tho oloctron c1ow pattern cny bo CuUUtctontl4T 
(J•ofo'ooblo for tho atoms to bo raCort1c as both opono or 
C 	`ocu co no to fit a otrueturo booed on tho Ideal frn 4w 

rk. In othoE eocoo chnnnon In velency iii y bo oacucac to 
nocount fol tho eboncoc in ci Ov but it to ?3ifcicu3.t to ono 
tot to ha"ap tnZ . In Ono cocoa tho Lo o0 pb000a ovo 



Oonoctc E ulth oloctron concontri tion or Lvcrnto croup t'ubor  
CA0t7 a Yn tho 0000 of 3tg f, Chi pb0000O cn thàtr sroIotc 
otIUQt% woo tho commotion tAth o/a or AG I to vory dIoor. 

AItbouDb the ovorn o oioctzonto ooncontr tton Cc 
ucog a . no aconceal anon of oloetronic fcctorog but oo for 
the position Is not oiteothor fully ootobi .ahcd. Thin is 
bcCOODo of our lack of Irioiicco of the ozact electronic 
l3tntO 	tl o 6otnUc electronic tntOractono urin3 the 
forcatton of oUoy p ocoC. flovrvow,D the moon . theory 
pooco6 by 3oco5 for the arc tronto ott ucturo of oboiaonto, 
riokeo tt decirobbo to ho a a ou loolz into t o problon of 
phoco ntobflttyis intoroodioto pbocoo* Zt to in thic light 
that the 3ir1Do,. Chi nod ►Or0a pha COO In troncitton olcoonte 
tncludin Taro oorths Util be dtccuoocd copo atoly. 

In literature most of the 8nto on $2t ph000a of tnottto 
otcIo bolontnc to croup V4 ritd VX cotcic ore oailobbc a In 

a,p~i z I the data rOlnttfl3 the rtituO ratio or the cornpnnto 

tF D (to?o A to group 'fib or ' IA c t ) , tODporotearo of phoago 
trono .ttpn and the hoc gowity a'oflJo ore C Otapcdc In MUPOG 8 
to l3 pboto arc odo of o u►o zentionc prctoro u . racpoct 

of the coeponcnt 13, A a pePctio ViOtI roaoalo 

that the piety co eopDntn3 to olc nto Of Yct Ions poriod 

vtt r V an Cr are vary czzch otratbor in t t o ifta,Q =2 	),o - 
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whereas in rer mining long periods the similarity is not 

present. this is quite evilent from the fact that the 

t lfferenc a in SWASC i values between V ard Cr i s merely 

10 whereas n s2 Zlar difference between v anti ''b is port 

(13T,) while $ n case of ' ° and ""a the difference ,,till rises 

(1f!1) 'he similarity of plots between Nb n ,M ":a - tgms 

p!n6os Cfig. ' RM 10) and 14o and Ui ms p.e; (f. g.1 ! and 13), 
Is also very well , u stiffed nn the above r4rgumont i.e, the 
difference of :;i- A ':C d$ between Nb and Mo (12E is more than 
that of Nb and '!s (8%). 5..ailarly the differcce In :ABC d~ 
jr ' s And 1,` (16%) is more than that between Mo ° M "W; (E%). The 
net result emerges that lesser the difference ifl \jC d 

between two transition metrA the hig1aer is t o a mil3rity 

in their nature of : gma phase f ors tt on. 

if we compare In detail the plots of V1 ,° fir. 
phases we fin that with increase of WfC k' of conponsnat so 
there is a progressive deoreaiont in RA/R$ rat ,o and also 
In most of the cases a deereament in the transition 

temperature. Although, in ease of V sigma phnses we still 

do not have complete da s of various other possIble phases, 

but the general teoleney spggests presence of mztmum in 

the plot of homogeneity range (,& et % it VU % '-# ' 4 45), 

case of V this corresponds to cobalt o whereas nn. case of er 

this corresponds to Iron. In other words to en: a of these 
A components where,, for examples the ►WA C d6 . less and the 

B e smpoonent having a similar ].weer WMiC d6 value is 



sufficing to form: a jig phase hriv ir:. l.r e homogeneity rnn „e, 

in ease of Cr -••. Fe igla as It is four out t ;at the 

homogeneity rune to lose than in cue of ,` ..-Fe i a a phase. 

T!,1 a is suite nnitural since the differ ;ee in wl'Asc 46 in 
former cr.: au s lure na comparedto thO letter, a secont  
similar tty in tie plot is the fact t .. r t after 6 	WAX 46,, 

there i s a tendency to form intermetallic compound with no 

Y o ►genoi'y r -nge. A careful oo paris rn. of transition 

temperature plot with that of homogenetty range plot gives 'n 

iniicatIon that these are or°~ostto In n&. ure„ This U) quite 

logical since in such sigma phases *wre tong neity 

range to large the probability of cav font or other alectro. 

cho ieal boxes IS less nrA thus the tr altton temperature 

Is lower than those of typical stoic! to l\ trtc ;:sigma phases„ 

A eoTpnrtston of tga bnse formations in Nb ani Ta 

alloys rev9al3 8o *w very interestin . ~ cc: turns, If we compare 

the plots of ho °genet ty range in ape E 4+ t of system, we fin 

the t resence of two maxi , i.e. two series of alloys possessing 

some homogeneity range ereas the ro : ring have none . i ,a 

might in iente that in such eases an c hays ;e between two 

consecutive stable d confiquretions me playing their roles, 

which might cause the scattering of Lio 	e!4tw1 or collective 

electrons. The r oason why such featurc:i are not observed in 

case of V as Cr sigma phases is not very clear. ![ovever j 

it should also be kept in mind that its these two series of 



Sigma 4s  ea, yet deter are not €~vaila lc or cli sets of iigma 
Phaseas 

Coming to the plots corr 	r Un , to Mo arA t w i ,ma 
phnQesf there Is a 5e mrture of the rü1tY -'onship as observed 
in the previous plot.. For exi-A pl~i, l-,e pent a very 
tntare: Ling o~ ,, ij i both the 4gma ph o arios there i s a 
la. re homogeneity range. owev..r, if 	o :nre vory carefully 
we observe that Mo with Os does not pose • es any h =ogeroity 
rungs whereas W with Os has some (11 at : " Os). :. im1larly 9 the 
homogeneity range of W,. o .t ma phase is larger than MoRe 

j; .MR phase, This p.cu3isrtty seems to arise frm the That that 
in these igme phases both the com rent ',o Bess a fairly large 
a~=;"  ►G d 'fir thus neither eotirt. no lonor ;) f'` their non.•local ised 
electrons* 'n other words both re irdif` Brent to each other,, 
thus waking it possible to have larder s y,eneity range. 
. tnc 	e : ':' C(3` 1jf?erene between 4o a Ee Or 	i s more thafl  

that between W A 	t e C 1'7 ), it  	' nY., tr i t t t in the 

former case the bormo; .eneity rarvee is stc r thin In the is tt r , 
A similar argument car be ut forth fr "`;. 	i mma ph se. However 
in a se of Mo Os r3igm,a phse the homoeeroy ray-;e should be grate 
than former one. But the date in i.itrer thre ices not suLgests 
like vise and ar. Intensive 	acr i) rntal fidins may be 
reeournenied for the Me-09 homotenOtty r r° O ca1ue. 

In conclusion, one can uMoubtodly soy that the role 
of stable leatranic condo=ration molel is a positive one in 
predicting the occurrence srii stability of Gigue phases among 
transit ton metals. 



An exhaustive search In t °e liter ,',ure has liven in >r.:..t w-,n, 
for only t4 sets of CYi phn es, one tti•chnetium b .ae an the 
other rhenium base Uoys with ^tier tr - ,n3ition ele tints 

14, is (! endix •2I)."'igures A show; the piotz of FUV'RB (where B is TO 
or no and tI is other transition e1 e: t) ard andthe hornogeneity 
range of such per?: -tie with respe t to ,, #a. C d$ of ft co ponert. 
The RA/RB plot ari the honoeMtty r r ; ; plot for either set 
of Chi phases show op osite character toe• in case where RAffib 
ratio to uLxi Ium, homogeneity rante i. minims. As already 
Jiecruesa1 previously in the trettert f igma phase* there is 
an overall decreament in 	B with increase of W $C d6 of w 
c~rmtonont. This  is iue to the fact t: nt iith increase of 	C 
dr- of A eoc pnnent th ► rsdius ratios r_,, s eveningout, i rother 

to 
int.reetins feature i t thit betwoen to o rarges 00.0 and 
EO«'lOO% WA C dd of A co 	mment , it bb ,,-b tb the f't,#yure s theis 
an appearance of encIWua. But c .a, + rr $ for which these 
maxi!la rppe ~r are liffarent. For o n -q ie1 in case of To-
b#;tie Chi pb so ,r these are at Ti ani TT whereas in c se of $ae 
bgso Chi phases these are at Zr and . „ The appearance of an 
appreciable exteF;t of homoer4tty ra ° e at such 3.~ASC values 
could be •xplind on the fact that ;, exchange might be 
tetctng place between two consecutive €able do and d6 

configurations in the environ: nt of ',e or Re atoms which Lmmt ht 
be attributing in the scattering of n n .00 iiiz 3 or colteti.ve 
electrons. Due to this exehenge procowe the very process of 
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donpttnnn of nonloco3.ized a1octron 	_e or lie atoms is 

dieoc urr,ged, tbui the possibility ®. 	nn in•term irate 

phase with larger hoaoreneity  rre i ire. }lovfever at 

tiesame time#  it should be clearly borne in : in that it lei 

not erl.y the totni number of vale cy (<1+1 eloetrons of 

trnnstt ou met lei, whteb tnatter&& beyt,  Still thportnnt Is 

th6 eeretio st bility of t! e ! e1 ct'r^nso  For ez ple 

in ebse hi. phase,, if the m:zimu in tit wr in r e of 
To base nuioys, this is . at ?i. in 	Must n we moy isey 

tY t electronic feature. a of c ►n :,anent c,  . 	rats in Chi ph tes 

are pinying t ►ei.r role both in rn) iu r tio,, a yell. nS 

h',moC..enctty rnrg.e. Our trentrt hvi.., 	a tul itt see 

one - n1 thus pre er t ' fo e/inly c f_ °rstive picture 

batven sets of Chi • i sos formed 	z'c nz.i t on eler rat s. 

4. 

Recently rsonov nri ; i sa . 	. A ;,.eve z Iscu w l I 

°enernlitiee t: }e occurrence of Lrivt:s `. 	in tea. r f t.3z-e 

forvi tiorr of stable electrorttc conf 	'tsrk ns by the, +eo x)onv . , 

° hey proposed thot during the f >rme inf: of L ves plm ses with 
to 

a oo aponornt belon i ^$ 1eE ent, theo the 	 i,; a tenlency of a—p 

trrneitton which trios to form st blu olectronia cor.f'tc:urntion 

of the prrtner ele nt. For a 1ple,, i?► Mg Cul the scheme 

y be °« fo lama* 

.A el eents 	2  

B e1e ent$ M(Cu). 2d10  i as 	- 	 —  lt)► 
r 	, 
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As a result of this to staole electr1c conuiuritjors 
a ) 410 	re fortncd. Fowcvrrp  in aomo ces, for exp1e, 

in en~je )f CAlthe electronic trif or :4t 1 be opo site one 
i.e. ntom A trRnsferrinp theirelectron.- to B 	is 

either ere te corlu14r eerea tht t ee Is fornrtIon 
of stable electronic cnf1urntton. 

Tn ense of trn3ttion metil 	cee a strnjlir 
picture nf stable oi4cetrontc acntt1ux' 	or riny be v tevE1. 
Fr ezrii1e, In CeViq 	e, whore re b: onfiurnton r2sp.  

Ownd '71 the 	the eor;fiurtton c3 	f Tj i more stable 

than that of Cerium with the reu1t Unit cx, donates its 

electrons to Tj, Ttrus two Stable co' itLu;tiOfls t'° a nd4 
are formed it t!'e presort ph". \roth€r exQIple rny be 

10. 4 
ciad comPound (i 	, rd 	 n rtoeas dortte 4na 
the.r va1rci faectronj to the r cto, 1T.u~ fo rin. two 

10 stblo ont!urt1on 45 	dir tc 	i:. . 

'o fo11oin taule sinows Owrimpl:." Of 	pe 

where the radius ratios rrG nar to t' 	t.l i.e. 3.03. 

	

A the same table the stable electrrnto 	iurattona of 

Isolated pnrtrers 3nd of the systen to whole are initcoted. 



Electronic Confijarntion of ntoma in some Lev ;; pbosss with 

ideil A/PD lee.  

C aouti
,► 

RflB ILnttice 
):: trueture 
* (aryst l) 

I ieatronia 	I 
joo*if1 eura t° r r s J 
bf t gal tc{d 

TResultant 
stele ao 	' . -. 

hexagonal  

Cubic d2s*2-031 d~, .052 

hex 	orsnl 

1.21 l e*sgonc t 202_4?s1 de~si„ 	108ji 

'Ur,01 .~► 	" Cubic f ills 	?s2 f?sZwd6s2 
r 	n 021 cubic fd1a2.4j652 f?sg,,. r,v2  

hexonti 

'e 1. 

 
hex. 	onnl  d5~ 

Pb' u? P 8 * d 

Frei the at It Is avi erat that in Cubic Lave ls pb ses 
t'a 'orint-lon of d and 410 is cot prcbb1e, 	r*4s In e-.* 
of hexagonal Laves phases  the for1on of .2 a nfigurntion i 
noticea b1e.. 

it is 3uestd t!'St p otay tie 3toan8 In 0t31 of .jai''es 
A 

pbas s touch et~ah other ml y wh n tooslAtisr teal weight of 
stable c onfigur atj.flr&s are maxi a. In case of a c-rua3e in 
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5 	 Ti -LAVES PHASES 
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Fig.1 ?. Variation of radius ratio of Laves phases 
among Ti alloys with respect to ;5 SWA 	d`` 
of component B. 
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Fig. 2L Variation of ra ivas ratio of Lav:--3s phs 
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o otnb l lty of of cotronic conf , ,urotono it eppoci10 that 

thoro to a co oiont typo of baJ in otaUo ctom o pith tho 
rocuit that on2i otn t1 otoIt touch .00 1 othop, 

. The Lovoo ph0000 tMC oocu' in ti c ottion ootolo0 o1ont  
utth tho UA/ft13 PstioO, OLocto. otioO , cry. tt 1 O UOt,azO typo 
and 

 

in 0100 01100 ] # fl tomporctuo, O 'o 24tO in i ppo 	.X!$'. 
ThO plato for tzonottton metal L vo 	botticion /a13 Va 

& at coionent B otol oro 	In fit o .4 to 2. 
Xt t o intozosting to noto that GC, '9# O ona hf 'coot bloc in 

t of to ancy to : or i L voc pbn o , Uitilcvly, T2., b and ?o 
behavo idonttcnlly in f¢ tip LGVOO 7,hnQQ3 i4t . o t" ►transition 
tiiothls Tho npproiIDto dottod curves in ouch fiourO are 
Inticett ►o of tho rogto 3 of 8tobiflti of I1ji % and t Ck3 
ab VO t 80 CUrVOO tho t4gZD-w type t o &thblo torts balou it 
the £ `gC1 _- typo I s stable,, The I7 T? 2 - typo iov co pbtco then 

be ingintermediate bot ton 	tutypo should 3 

pc tcA to Ito at or near the dotes I2.a0 In Coco of T ~-
typo Loueo pbooa the UA/flD 2ottoL) c r0 Cow to be Grotto;' 

than tho /t3 rottoe for ' 2Ct typo tL11aoturo. athovroro 

the !3 CirIZC valuQor a 	r 	, typo atrueture ore 
in ónorol gvoato thun thoGo corr0$poUin3 to the VOCE typo 
OtructuroQ. 

It g.a alco obcr,c1 that the € ;./` rotto 6oercocoo utth  

cm innr000tnC ç cAcC. Of eompanot Do 1otcvcz', thin deQrC3CO 

to not a li on one. In cow of Cog? ix on 13f.Lavoa p1rncoO, 



i.y 

tho cep► of RA/ I V . -!, C a plot upto about 80.00 ' 
UA8C 66 of Oo .utQ I.c $ t1, bt tOt' t1ich tho a1o1)o 

i.o rathe 	ptd, AD o% 	`. doco&'lbc In zoct1oo 2.3.6 
the stb11ity of d8 conhuts toz to c o or thena OnG 

MtOV0l1y tht.o tontfooto, tn t10 nuo Of Ouch plop, na 
Lavoc ph oos bnv j; $JASC 	of J COtOnQnt gLootoL than 
6t abou a ctaop voriatton of R' /fiD, Purtho tho UA/. 
ratio d crooeeo t 4tb tho tncrotnrj Z W C+ of / ztol 

olong tho s a poto of po io Lc oblo, 

for o ho tho RA a p t t Ioiero from tho 

Loves püccc formed by 	 to the :tVa0 pbaaes fore by 'L 
in tho ftrct 3o a pet a4, tmtlatir tho W/fi ate ozhi tt 
a O3flft* '4 to 000y tCLttEgg frozi t4.coo phaco oloc by 

4aveo hacOø _ sand thon by Ub 4 a oz pbscz,, in *ho cecorni  
tong poZio. Gtt t1A .: tot o C t; c.Lb Abt d. in XUA€ Iona 

poi tc who' o tho lh, 	plot to o a .' lirapu,aoa i s loo than 

tho plot corrcoponntr to tbLco 	o,. 

'72 	A 	rc ti. ► al.c c ooz,c0000 from 	t+Utra 
vovy OIICbt34, fom Ubeto ¶o Qcco t 3t At tflCOOo13 from 3C to 

V.pb coo Or Ti to vo Coo So 

Xt to fOUnd thot Ti door ro roaob .o in ito 

for* 23ttor► of Lovoa ph c oa to Gay, but thotacd to I]? cm Ta 

In .bt to 10 cpoot. Div OflCLC4' 110mvO1 	ncc 3 not tot o too 
cov'touclyt otnco tho Q ";~?'otht 	c iu o of bi bez tG 3 'ot o 



r i icatiof' i(B,,C.C,) to idonttcal iith t _o3o of Croup VA 

cotola„ 11hus it appoa o that A -Wiitantu a tr,poin; rob+ 
In fo c ott n of Li woo p acct , 

In conclusion tho dbovo coroiotton of tho oppoonco  

o: d ifforont typoo of Lnvoo phaCos € mon trc altion xnottbs eon 

bc, cdoquatoly corrobotci tdtth tho for to tIon or o nb o conft urottc 
by tho cononntO, U th tnercaco In Goa-A d off` B cottpouont thcro 
to I nr tnbbo docroo&e in RA,4B that to to any that rc i tuo 
air 'oret eos in tho eorponont atoms sire cotttr- nthth2.ccS, Apart 
from thoQo, ttio pbota clo rly s'oflect that Rio formation of 

oblo ê configuration of Ii componont is eon ributI In !i 
30 

etructuro 8tnbtltty iht .o the d eonttumntor to proxottnt, the 

forMMtion of MC typo., This suggesta that an  isotropic titructur 

10e. i C ctructur o to prcdomincnt In taco iro all the 
t'ejectono ton to ot ftllcd pv  

The rnro.-oorth LoveD ph0000 aro ltotec1 In Apo 1z ". 

M auro 209  hos tho r alotionsh p bottten + hO lot tco paroiator  

(op) in t the n nber of W464) elect rone In r woiionrth oobvont 
for the !CC .tM Levee p acoo. Po IgGu typo Lavoaphasoo 
It to soon that, In till tho OP O With the ftI1in of 4f oholl, 
tho lattico constant fteroecooa 

Theontilr oleo eompon t 2 olorientx, arc generally fron 

trnnattion mottle of loot groupe i.e. 6 < r3 < 100  In the ran o . 

of 6 to 0. In the ftrot bori perto6 f, th. Pc,, Co tat , It 10 
obcorvad that for any lnrI3cr of o rare cart o1cnt"blob 
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ac to no A co ponont, with morocco th OtASC a (1000 p000tnrj  

from po-*Co-~Vl 3 , tho .attic+ cootant of tho Lccao pbaoo  
6ocroasoo0 a Otmun' aC0 Oa ont ifl 1tttCO COnOtQnt to 
obo0rveI in oaao of !Thi Iva porto3 ioto1c CVLoU on R1)0 
'ovovoi tho iott2oo conotont v uoo ro *z`o than thoco 

feu l to cono of Lovoc phoOOc vjtb lot Ions ported* do 

to of ibuto6 to tho fact tot utth in oaeo In pr tnoip 
+ bantuzi n ba tho t/ SC tne'ocoo and concorjuontly thoro 

is o dooi'aaco tn tho corrOOpznitnC 	a valiioc,, 
ci a? ptOtLfO to ObC 	t aOrL uO Coro on to tho vio cnta 

of 'llxra Lon& p 'to Viso, Oo. i 	t, c .thou not many 
o,cpioc aria tn Ittoroturo from thtO rotp of olr ,nutp0. 

in coneluoton otto cen on oub cdly coy that in Coco 

of C ,-typo rata-earth Laves phocea utth tvanottton r. tale 
of later aroupa (>'Jxthgroup) it to tho 	and 9 atab .o 

conf igu atione hteb crc +t ntr'o1 ,nr, tho Dino facrfior 0 

o coco of Z LavOO p aaoo an 414avco p aa0o0 

is o10 ery intoroatin3e in tho ox oe thoro to probobtitty 
of ayp tranottion or& aVOntUa.IIy tho forE2cttton of otablo opt 
conficurotion is acoontuatca by the donotton of nion400altaod 

oleo one from the taro earth olc onto. sine+ 4 to n oath 

an op.olc3ont U .eo1otc6 atoc conft atioi 3c3'a 3p1) thoro to 

o otili btchcr probability of force c cab10 c conftgoro ttona 
no •cor parcd to Q3tJceOtUEl. 'x' to ap 	o to bo the r0000►n r t 
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tho lotttco conotont of' voro c th Lcvoo r1h0000 tith o1!ctn2um is 
boor thon t000 VIM raognooi i, 

r~ 	 •r a 	a 	-t« 	'? 	~roa r 	gas 	s :#i. t. 

ficu!o 24g. oo i function of (4 	) oicc o w #? to Faro ooith  
o1+ ont a, It t E3 goon that with tho tnercouo of tbo nwibor of 
fiO CC Oflo of roisront At tho C/o ratio ocr0000, Theo to in 
o j3po ant tot o eat oGrI.top, tihibo po cotn foz from Rai*O u-'t -'rto 
tho . t11 SC 	tnoroccoo oni honco it .s quite nzturci that to 
lance con8tnnt of Lovco pp000 40OROo3OD In tho co o o 

The obovo dt0000Dtoo ((3ooto that .o (2obbo electronic 

configurationconfigurotton WOb to of Groot utility in o .v ant the 
otobtltty of intorrnctotO p000 In t nnol t'of mtol of ay 
Ovoto, 



Prom tho fap3oifl3 d tcouao&ono tho fou ovr con uo&outs 
con bo dratm obout tho roi t1onc tp of o ppcoo otoblflty 
in ClCt►alo Chi. at& Tovon pb .c D i trnnott .ol riotc10 $n . tom. 
t o va?Ooot Pth o3.e ato I 

It) Tho L:ao ontc centt urc Lion tot2oi no pwo 
oDsofloVGtfl bo ct og co y op Ucc to Q,1on 7ottouo 

facto rc o in tho pbaco otobO i of tho t vo iortionc 

On than bww aq  It to co u6c, that tho aicetontc factor 

to coot t 	aflt factor n con oUin the :Co o.t) on. and 
otobU tty of ouch tnt000ltotophoo cOd the oleo factor t.a 

Of 
c ro car .00a• Eoroly the concio+ uonco/tha roouittz o .oet orde 
•ozehcnctea =arm the oori none ads* 

The eotpcirottvo1y ior{ o 8ttforoncoo in . AGCdBV01UQD 

Of QOEOflOflt tO$O C 13tV0 I'ts O to 3.tttlO or to bO COnoit3t 

voioo in the Co tton of. v r o co 	ococ (o,,c., 

0113 

 

an Ch.) Xcfte'000 the co o. t5tffoonccQ in do S CAQC 
of tho cotipoaont tranoitton cot .o .o co to ate fnzixitlon 

Of 10 'co bo aonOitV POMOo0 

ts) The fo nts on of OtzbO 	eonfittoo Vo 	o in 

the otcib llmUoft of Ztpp Lavac acoov  v C, o the 

s Cat o 

 
confttwotton 10 f vct bbo gap tto fO .ottOn or 

v 



dgC .type Lies 'phn sea in transition t ctal systems. 

6) Tn ens. of rare-earth etai. LGVOD pbasSs it V D concluded. 
that it t o the a an8 t stablee eon i urcttono rathieh 
,control tho size factor and lead to the occurrence nd 

Otabiltty of OUCb a $,,, 
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