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R 13 3 Us U S  

Oho rocoilloos r000nont absorption of .1-rayo i.o. tho 

fosobauor offoct toohniquo hap boon applied to study the 

hyporfino intoractiono in Pot  ° Tuttan °alto, Chaloopyrito 

(00082) and Alkali Dithioferratoo(III)p uoing tho 14.4 hoV 
Y-rayo from 0o67. Point chargo-point dipole modal is dtracu000d 

and uood to computo the olootric fiold gradiont tenor MO) 
on the Po sito in the trivaIont iron compounds and tho value 
of Q(P  5913) its ootimeted. 

A mochonical volooity drive arrangomont employing a 

conotant volooity cam and capablo of giving continuously 
variablo plod from 0.0025 cmhoo. to 8.0 =hoe. hen boon 
conotructod for uoo 03 a Doppler tuning dovico. 1 an thick 
110/(2/) crystal in conjuation pith a linoor amplifior and a 
oinglo channel analysor io coed and a roproduciblo r000lution 
of 4840 for tha Edoaborr traroition is attainod. 

The nosobcaor opoctra of Poe  + Tatton oaltoo  which form 
on loomorphouo eerioo of hounhydratod double oulphateo having 
tho gonoral formula Po(30(1).0800  pith m rdigslp It Re and 
00>  havo boon otudiod over a tooperatura rangy from 77°- Met. 
The data io analyood to aooign tho charactoriotic tomporaturoo 
of the t2c  lovolo and find the oplittings. It io concladod 
that the ground otato nova function io oinglotp lop in all 
th000 acaeo. Purthormoro the offoct of varying oloctronagativity 
hop nogligiblo offoct on I.S. 

Oholoopyritoo  Ourehv  io a call known oomiconducting 
antiforrmagnotio copper amoral Pith fool ton/Imam 880°0. 
All the Utinobauor opootra at throo difforont toboorvation 



tot peraturoo SOO 3780  daft ohm a oin fingorod magnotio 
hyporfino split pattorn pith ocall9  tomporaturo indopondont 
quadrupolo oplittingp. Tho 	itude and sign of tho magnotio 
field at thoao tomporaturom io oat dated and io accountod to 
originato primarily through the Pormi contact intoractionD  Ho; 
both the Hdip  and IO2/1  contribution baling soro. Moo 
foaturoa aro oxploinod by meowing that Po atom is in a opin 
froo trivalent otato In a rook cryotal field configuration. 
The oxisting litoratiro an litioobsuor ottidleo of this compound 
is discussed mith a opoolal Wore= to tho invoatigationo of 
Aram tit al 

Tho alkali dithioferrateo(III) etudiod inclado a (mica 
of totraharally coordinated (app ) cool:minds nith amoral 
fornula 32 mboro A = Hap 4 111 and Co. Tho V000bauor 
opoctra and molar ouocoptibilitioo tor° takon ovor a tomporoturo 
rango of 77.30003. Tho valuoo of tho quodrupolo oplittingp 
2S, BQ in all those compound° are tomporattro indoponiont and 
imply that the lovolo aro for apart to ;omit any (tango in 
Doltscnnmdiotribution ovor thio ran go of tomparaturo. 

Tots1 o.oloctron density and do-charaotor haw boon 
ovaluatod wing tho oboorvod I.S. valoos. In viom of tho 
I.S. valuoo and tho total o.olootron donsities the pairing of 
d.olectrono to opeoulatod and the /off  valuos computod from molar 
auocoptibilitioo provide the number of unpaired d-olootrons. 
In thee° dompoundo tho offoot of olootronogativity on LS. its 
oxploinod qualitativoly and in oppootto to the aoohanioo rut 
forvord in the 00oo of ootahoarolly bonded (d2opP) compound°. 
It io romorlod that the VW plot can be uood in the caoo of 

(opt̀ ) totrahodrally bondod compound° in contrast to tho 
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octahodral case (d20911) chars d.olootrono take part in bendins• 

The fivo indopendont components of the oymmotrice  

traceleas tone= of EIG, have boon oompatod on a point chars°. 
point dipole model for throe trivalent compounds, COON 
Zn2e204  and a4oQ©5. A briof roviom of the oxiating litoraturo 
on tho valmo of Q(0W7m) io nada and its value is ro.ovaluatod 
Loins the conputod valve of WO tonsor and the oxperimentally 
dotorninod values ofplikr  The valuos so obtained are Tato 
divorgent and oo inconoluoivo for a definite assiannent. In 
ViCiti of the last of proclaim X-ray datat  dipolar and quadrupolar 
polarisabilitieop exact aseicnment of oftootive charms and 
covaloney fact:fro, V3 conjocture that the point charce.point 
dipole nodal to inadoluatc for ouch an cosigernt. 
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ONAPTRR 

PRBLINTITARIES An STATETIRIT O' TR MUM 

14(A) 221122=1 
'You teen that, doapito thornal vibration° of approxicately 

103  omboo., you moot co to believe Y'...ray abeorption can bo 

ohangod by applying 104  mime to tho sourco1111,  

Circa rall(1909) 

In fact, the Uossbauor Bffe tl)  has a vary dranatic  
and historical entry in the roalm of 	 riot only Ito 

appears= perturbed the diecoveror himself but it me also 

first recognised with a bet of 'io' and 'to not" tton after an 

unnoticed period of one year, two reeenroh tocco of Argonne 

National and Loa Alanoo Labe. of SWAM Staten ootabliabod its 

oniatonco. Scientists soon realisod that they had at hand a 

nor/ and bocutiful tool.simplo in ita basic idoos, roquiring 

only a iintoun equipaant, and calming inconicao applications 

not only in Ducloar Physics, Relativity and Solid State Phyaioo, 

but also in Ohonistry, Dlophyoico, Metallurgy, Ulnoralogy and 

Tochnology. In cortain came it has coio out as a =Liao tool, 

0.a.. in the interpretation of Twin. Paradox, a teat of the 
oquivalonce principle for rotating oystons, in dotormination of 

gravitational rod shift, in study of the notion of the fluid of 

the inner oar, and in dotornination of tho electric and magnotio 

nocanto of the onoltod otatoo of nuclei and electron &amity at 

the naclouo in a direct and ample 	er. Tho inPaot of Chia 



roallootion has yioldod oovoral hundrod Daporo$4)  (both 

ozporimontal and thoorotioal), roviou artioloo448)  (rangin3 

ire an introductory to a ooihiotioatod 1=1)0  intomtioaal 

oonforon000".20  ana bookop31)  doaltag  1tt prinolploo ana 

apylioationa. It'io gratifying  that the it portanoo of lembouorio 

cor4tam r000gniaod by tho cmard of tho 1941 Uobal Arta in 

Myriam. 2he Moobouor Utfoct io a hot flo14 of r000aroh aotivi • 
tioo aid ito ocopo to onoompooeing  ao oral. othor dimiplinoo of 

natural eoton000 ond onglzsoring0  nahin3  Zoaolblo a hoot of 

hithorto unknovn now application:70 la a priod of o dooadov  

tho Minobonor onortmonto aro boing  on= od oat routinoly 

cony otadont laboratorico• 

(D) 1410 BAR 	Ili SCII DV 
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'S D1 c0'013M 

Mon a nuoloao of a frog ate da.ozoitoo by mkt ins  a 
131 

)//.1-117 og onorgy By 	r000ilo trit an onorgy n( 	
;:, 	

in 

oonfornity vith tho rinoiplo of oonoorvation of lin ar axon 

Horn t is tha moo of tho =low nnd a, tho volocity of light 

Tho oonoorration of onorgy0 than rodu000 tho conn-ray onor09 

frea St  to Dt 	vhoro St  lo tbo traonition onorgy bottloon tho 

tvo lovelo. If t nogloot tho thormal notion of tbo molomo0  
a 

tho amma radiation or looim opootrocIND) viii bo/toronto 

diotributien vith aidthN Q ite  , and =trod abcat 3 = nt 

u(n) 

o Th000 ara only fat1 typtoal on, p3oo, corn oan bo 
inoladed in tho llot, 



/clam `t' Lo tho lifo tiro of tho onoltod ototo. SinUarly, tho 

oboorytion mot= till bo of tho a= form but controd about 

tho moray, Et <pal oinco tho Baca ray mot bay oarplao onorrj 

to omit' tho aboorbina naclomo and aloo ouppky it with tho 

r000il (moray ti. Soo for room= aboorptiml to totto plows  

tho too opoctra oholid oyorlap and thio loado to 4 condition r 

thich io woolly not oatiofiod in =cigar Phyoicof  oinoo 

tho lifo tic= C corroopond to r<( Ii tanwt C0003. 

Portunatay tho imolai aro alczys in oo:o hind of 'drama 

coda' nioh lock) to Dopplor broo4oning of tho go=na raaiatim•  

in coao of cap for inotanco, ono can aoo tho Canooll diotributima 

cnd thio load' to Q Dowlor nidth9  &t:3 PTIEg 0 to tho mdiot103  

opootroma Moro It lo tho Doltocona oonotcat and 2 to thoc6."(  

todporatoro0 2ho onoray diotribation rodalno control about tho 

moray, E 0114 * R but bomoo Oamsoion, Via,l(a)0 Thio 

troatmont to otrlotly valid for o aco, and In aadltion bola' 

only con tho natural lino cloth to cach =nor than tho 

Dopplor ct4th4 r <46, 2ho condition for roma= thoroforo 

bocozoot A.)) ER, Thio rociairomont to dour at afiod in ataxic 

moo, Phoro ono amally findo R V-4 <b.. 0  On tho othar hand, 

in nucloar proc00000, G3 bavo R 	>)t-i 0  2hug, oblio Dopplor 

broadonin inouroo atooio r000nonco fluorooconoot  it rondo= 

it foao ,blo only in United nuobor of =door mom' 2bio io 

tho rocoon oby tho Phoaononon of r000nnoco fluorooconoo in 

atoolo oyotoco 2) hzo boon %nova for can you and in tho 

=low oyotomp noon 
3) 
 could oboorvo it in. 1$i, than Ito pcoolblo 

\\ 
) onlotonoo hod boon prodictod by Mahn 	a\ 	o of d000doo 

carlior# Ho mood tho mitracontrifaco dovlao\  tQ oo pa loco tho 



(a) 

R   R 

FIG. 1.1 (a) EMISSION AND ABSORPTION SPECTRA IN A GAS OF FREE ATOMS. 
Ee, Eg,Et AND R ARE THE EXCITED STATE, GROUND STATE)TRA- 
NSITION AND RECOIL ENERGIES RESPECTIVELY. A IS THE THE-
RMAL DOPPLER SHIFT. 

EMISSION SPECTRUM 

Etr-lEe—  Eg  

TE  

(b) 

ABSORPTION SPECTRUM 

N 

Et 	 ENERGY 
FIG. I.1 (b) STRUCTURE OF GAMMA EMISSION AND ABSORPTION LINES OF 

NUCLEI BOUND IN SOLIDS (AFTER MOSSBAUER REF 28 ) 
(I) THE CASE OF VERY HIGH RECOIL ENERGY WHERE MULTIPH-

ONON PROCESSES DOMINATE (DASHED LINE) 
(11) THE CASE OF VERY LOW RECOIL ENERGY WHERE FEW 

PHONONS PARTICIPATE (SOLID LINE) AND 
(III) THE VERTICAL LINE IS THE ZERO PHONON LINE & HAS 

THE NATURAL LINE WIDTH DETERMINED BY THE NUCLEAR 
LIFE TIME. 



moll =orgy by inpartioe tho ovum a Dopplor volooity of 

0 
10 ow000• Othoro coro ouomooful, by inorocoine tho width 

by onploying tborcg =citation cothod33)  and by proviouo r000ll 

tho prop:. dirootion8)  • Por dotalled dimooion of r000nant 

000ttoring onporimnto prior to n000bauorto di000vory, ono con 

^ rofor to tho artioloo of VotogorS ) 
A 	 0) VaInforo • who common 

amino c. of th000 toohniquoo to thoir inability to motor) tho 

natural width of tho Itnoo from thoir roman broodonoO otato• 

This limit° thoir moo to =curing ohort Vol* half livoo only, 

co moll anew in the onor(y lovolo cannot bo dotootod• 

(0 C008114........ 1T11 

Uhllo study ing tho 000ftortne 	IF .UoV lama rokyo of 

Ir191  by Ir and Pt, MI. Mem:tailor to' an unoapooto4 Intro= 

in mattortne in Ir at lou tomporaturoo. rho ofortline rooult 

tmo that inopito of tho foot that tho oaloulafod lino width of 

tho 120 V gonna ray. r,  (we 0'4 coo caoh l000 than tho 
onor w ,of tho Ir191  nuolouo R 0,08370  1600bonor 

obtained a oignifioant anount of r000nnnoo otoorption ulthout 

P 
	

Douroo
3a) 

or =ploy  */ any of tho othor nothodo 38,80) 
to oot 
	

ato the ntooing onorey duo to recoil, In foot, 

nd not the heat 
	

°) inoreesod tho offoot, 	rtboz  

by infpartine oedoot voloo ttoo of the order of fon a 000, ho 

ObtOtnod an absorption lino of width (.U.H.11.) poorly 2o0/600 

oh io double of the natural lino-vidthe Thio to in aeroonont 

vith the plata%) of r000ill000 onlooion end aboorption• Tho 

factor of 2 ari000 booaoco the oboorvod absorption lo the rooult 



of fol4ln3 an omioolon opootram toaothor vitt* 	aboarptitan 

op otrum, ouchpith a vidth r 0)  
Tho oonontial coottaniom andorlyina nombeeor dloomory 

and onplonation of rmoill000 °Moot= and aboorption of {-ray° 

cao tU tenon in tho thorn ioo of X.ray cryotalloaraphi")  cud 
40) 

met= mottorina 0 A o=othat of filar moohaniam =to otudiod 

by Dioho4I) in oonnootion pith tho probloo of oolliolon narrovin3 

of opinion linos in a donoo coo, It too in fact licdbfo'apOr4°) 

on 'Captor° of Doutrona by At= In a Cryotal,  each lad 

1oobauor to tho intorprotaticn of hio ononpootod and romaehablo 

raoeito• Tho dotollod thoorotloal papaw alvina olansioal and 

xx,  vont= wohaaloal d000riptIon of mochaniom two boon pet 
199914) 	1030094N.40), 0132  torvard by tho di000yoror 	and othoro - 

alo lo not to ropraduoo tho dole theory Coro, but amply to 

mutton tho oalloat foaturoo at tho phonomonan of roaolllom 

ottioolon and zboorption of Y/oragoo  

Mon on atom io bound in a oolld tho atteatIm its alto 

dif.oront than that of a frog atom oa the atom 10 not frro to 

Moil. In foot tho recoil not tun Its tahon up by the oryotal 

ao a tholo• Tho onprOooion for recoil onoray R hao no a moo 

ri of tho ttolo aryotal to dominator and:theo roam° to a 

noaliaiblo vale00 ?urthor in' the' lattico,tho atom ore vibratin5 

with onorM Watiac4104 i44, an aton to froo to oat =rot 

moo  or caste phonono9  but io unable to r000ll, vith on arbitrary 

(moray. Dootum of thin quantization of allovod onor obifto 

upon rmoillthoro vill bo a oortoin probability that no pilmlimo 

to omitta4 (and bongo no moray shift deo to r000il, Dia.-lb •0  

author diocuooion on thin topic crii,1 be dons in the not motion 



chich doato volth Moobcnor frnction. It cay to rocozhad that 
tho tom  troodilow vogoo to on traodor  of oaoii ung  

oaly and to not comootod clth 'do traoofor of r000ll nocontan 

chatoomr. A nonontan tranoftr citheat alcaltanomo otoroy 
trcaafor dooa not o all oonotituto a cm Dhonocopon. Thin 
procoaa vc3 in fact tall kaoca for &load= to oar donaino of 
Waco ouch co tin cohoront co:::ttorianc of Noma (3aylotth 
aoattortna aadDramftattoring) ctfl Zs) oohoroat acattorta3 of 
oloti rontral Eton matalo. Whin 0700 too illtaniaatinai 
diacnooloun of °moray cad cocoa= oczoorvatpa in tho noadbaaor 

6). afoot t7o10.6hopf 4e3 aloo dlocn000ll ()Rom, monon un aa$ -tic° 
co= or7ation. 

AT A In 	 9,11T1 

A :boobeu=r opootrum at into of a plot of tranottiaaion 
(or cocttorad) 3"-Imon4aata intonotty vOroao tho Dopplor colooity 
(cohoptr SI). 2o aTIGy tho alootraotatio ana caGnotia intorca- 
ttomorolcaatim afoot; lattica dycomical aopootac affoot of 
tomparaturo and yroanro =lotion, and othor nnoloor and atomic 
proportioo,z c70.1 planncd Wodbauor ouporLoont cunt oocit tho 

MX) nocorical 00ticato0 of 040 or coo of tho follovtaa oboarvabloo 

(i) lien Dositiorn (or altitto) 
(la) iS viath 

(iii) lino latono Wit  =a 
Oa) Mao °hap 

OdocbcaoP)  gable) artiolo Wm forth= 	trio 

iJ intonolty into (o) liao dolt I end (b) t lico 3ROCI• 



Ooldanohil and Mawr?I)p on tho Athos hanChavo altoolfloa 

too into thrao olamoot Dynaniool racra3tora; BIoot&-.1acootio 

end Oho oaabinad. paramotoro. Thlo olcoaifloation to by as my 

a ri3ta ono and hao boon do= on to foollitato tho talft of 

aonoral oancoration of tho Meaobauor paranotoro. 

Ve ai11 oramarato 0000 laportlant Mdaabamor paracot ro 

0hieh oaa bo bed from thaw obeervabloa and oill dioouoo In 

ova dotailo tho hyperfine intaraotlon Otudlco catch to Oho 

ran topic port wont to our prop000d romarch roe:. In pria iplo 
thorn o about thirtoon19)  tdoobomar poraaotoro valoh can bo 

dorived from a roll, plannod onparloont and ono rnat pooh 

ohooloal and Phyolcal racoon) raloh Inflearoo Choir oncorloal 

ocanitedm. 

(a) kirrs mum 

It to tho moot morn d o aorvablo to tb<o 0tin* 

and mrooverdo to ono difforonoo botrooa tho lovolo of 

044V00 and aboorbor. A ndoobanor watt= claY to 0, 0111C1011=040 

doublotpa oln-finGorod or a oomplaa ons a000ralna to tho ohtfttna 

and or op attic of tho nuoloar lovolo In tho oouroo/abaorbar 

=nod ark around otatoo no to olootrlo monopole!) quadrupolo 

and oagnetlo IntornotAono• Tho prom= of difforanO llnoo rid) 

also bo boomo of noro than ono valonoo otato or illoquivatont 
oltoo. 2ho lino pooltion obtalnod mill aim Oho roll tam 

ndoobauor vcramotoros Xoocario ohlftp quadropolo aplittinzp 

Soo= oplittinao toraporattwo calf% vroaouro ohtft and or 

cravitottonal rod ohift. by dofinitIon0 origin and Informatlaa 

clioh ono con haw gran tho it (of Oho Mot two only) oncorloal 

ootittoo aii,3 bo TIvon is do all don ra.will dim= tho 



hyporfina intoractions. 

(it) izz  tang 

2bo ovary/hot:Ana bounty of the Cocebauer riffoct io theit 
it aabeo available an olooteconapotio rodiationwith on ontrocoly 

dofinod onor 	4 fraotionol lino width of i part in 1010  

noy bo ultivatoly avoilablo. In-faot it to thio oncollont 
tunina chic's mato tho maaoaroconto of omall chanrpo in tho 
position of tho r000nanco cauood b7 the hyporfino intoractiono 
and gravitation offooto. 2ho lattor, tho fan= rod °hitt of 
photons * 	dotorminod in a torrootrial laboratoryp an onpt 
hitherto conaidorod inF000lblos 

in on idoal onoo tho Odoobauer lino ohmild 4 pans/ a 
nate 	lino width givon by umortainty priaciplo v  bat it 
dappona very raroly ca tiro may Da many oouroou ag broadonin3 
ond narrowinao Qo will junt (=molly caution th000 offocto 
and ouggoot to 000 tho aotual roforon000 for comp"..oto inforO3tiono 
Tho p000iblo oourcen of 1&z broadening can bo ono of tho 
following two tyroot 

(a) of oxporimental or gth 
(b) of fundamental choractor (c .gw  ooltd otato offooto) 

2bo onporicontal ()Moto inolado tho ontranocuo(cochonical) 
vibrotioroo finito ooltd onalol  voloOlty r000lution ozd gum 
aboorbor thlohnoono Th000 aro of littlo oianificonoo in tho 
oonoo that in a oarofally dooignodiozporioont oithoz thoir 
offoot c  bo avoidod or con bo corrootod, Tho broadoninc, of 
tho aboorption lino duo to finito aboorbor thloknooe 	firot 
troatod by nacohop ) io apounin3 tho lino oharoo of ooioolaa 



and aboorptIon opootra co Lorontoian pith vidthrododuood 

tho 'olio nina rolationo for thn appezont oidth rail end 

ottootivo aboorbor thlohn000 2s 

D 2.00 4. 0.272 

roon-i LAI 4. 0.202 0.0082 

0 2 $ 0 

0$ $ 10 
(1.0 

2120 offootivo abo bor thlobn000 x isvo 

2 a fl  tr. (1.2) 

Oho 	tho fraction of xana raya oboorbo oithout onoray 

l000 (auction 1.3); n, tho nun tor of at 	por cable oontimatoro 

ao  tho traotional abuodanoo of tho r000nantly aboorbina atom; 
-9; to  tho aboorbor thiernocoomiLtho =loan abooription oroao 

motion a r000nancoo  alvoh 1017  

(i 3) 

Io  ad Id aro t opin of tho onoltod and cround otato 
roopotivo171 X $113 ;vim lonath of tho aacma ray('  and a io the 
internal oonverolon °of:Wont of tho Goma transItiolu 

Obraulloo and Bhrmann47)o ontondod tho norh of Vioaohor oho 

oa1oulatod tho rolativo lino broadoni r°-0/1,  for diffoznit 

aboorbor thlohnoacoo and lino °bap= Hobor1043) hao aim 

r000nt/y coloulatad tho Urn nidtho for varlotto aboorbor 

thioUnc0000. A lino broodoning duo to oolid anglo offooto 

boon oatineto4 by Worthoin10) and io alvon 00 proportional to 

2 
 
,r ore v La tho voloolty of tho =moo D io tho diemotor 

Ada 
of the dotootor and d is tho diatom() botroon oouroo and 

dotootor. Mono° if tho outor linoo of on Po
07 

rota opootrun 



aro to to broadonod by no coat than 0.1 of tho natural tddth 

tho 000roo-dotootor diotonco coot bo atl000t four tiro tho 

dotoctor die -motor. 

Tho oolid otato offooto aro of oatroco is portanoo and 

Civo niorc000pic information aboet tho oo114. Tho p000lblo 

cochonloco nhich load to lino broadoning aro (a) partially 

rol000d hyparfino otruoturo (opin flip pr0000moc, oupor. 

poracaoaatioa, fluctuation war critical tomporaturo :end 

poramagnotio rolanation phonomona) (b) anbernonio lattico 

bobcat:or (c) atonic notion duo to diffuoion40)  and frog, ,a 

motion of atom or molaculoo and (d) c0000latim of V6oabouor 

oeuroo nnO or oboortar atao nith aarloao hind of dofootog  o.g. 

the Mdoobauor atom may not to uniformly inaorporatod in tho 

oryotal lattico loading to a blurring of 8 and C (o) wry loo 

lattico vibrationo moy moo a obonco in tho field gradionte  

each aro not avoraood co thoy aro of hidhor froqumoloo (f) tho 

pray anoo at local Dodo° and (a) the inhamogonoouo hyporfino 

imorrotion o.g.o  tho broadonad lino of Yo57  In otainl000 otool 

coy bo attributad to tho vidio ranoo of noaroot noighbour 

onair nt in th000 alloyo ditch con pram inhowdonoomo 

loocoric obit broodoWng. WIgnoll ) boo (110011004 00no 

at Oboao offooto in dotall and 	a ao given a good biblio. 

grophy. Wiaboan and vortboim31)  mad BlacoO  and hie oonorhoro 
nhilo dimming tho rolaaation pochenioco,bavo aloe, aivon 

duo oonoiaoratjon to tho lino broadoning and lino chop. Tho 

lino broadoning In tho Zoom= pattorn io cl000ly connootod to 
0 

the notional n rrating 	in tho OM. *ho ottgly of lito nidth 



theo gibe infornation about tbo lifo.t!ceo of tho oncitod 

otatoo0  =planation tine (opin-lattioo,and optzt-opin), diffuoica 

cooffiojont and lattice dofooto oto* 

In weld omeo;tho line con ba evon a 	the 

tho nataral lino width, for inetanool  by inoroasina tbo offoottvo 

hale` 1i pith 	►a oolootive doloy coincidonco toebniquo83)  or 

no a =moll of a tbornal of iho by tho fereaolna dem84)  0 la 

tho lattoi caoo tiv,r000ll-froo fraction bocorno an inorominc 

function of tho timaAbo ogoitod otato Imo oniotod. and tboroforo 

tho nucloi Mich oontribate4 to tho CCoobauer Effoot lino have 

an apparont laraor peon life Um* nocontly Harrill")  hap 

given a quantun mochanlool nodal for tho norobauer lino 

narropina* 21110 model incladoo both radiation an relanation 

rrooloopoo In tho to at ardor to have a (ant= cochanioal 

oolatica and doocrlboo an initially onoitod nuclear) in ca 

onoitod latticed It is found that andor aortas conditiono0  

Uolobenor 	rooult Mich aro =roper than the natural 

lino pidtholthouch lino broadonina lo the WO 00401 enact 

of lattice rolanation*  2bo mania= narropina in till° approz1 

motion novor onoeedo 307. of the natural vidth0  Anonalouo 

mina of titieobaser lin4o cal Qom paranagnotio 903°  coopoundo 
80) 

hso boon Oboorvod tbon tronovozio or lonaltadinal =volt, 

gioldo oro applied. A longitudinal ?Old he a °trona= offoot 

than the transvoroo Mold. Pluek12)  h'o givon aorlo typical 

valuoo of line vildth for difforont Ohara° otatoo of it ao 

00010  0.240  043 and 0*PP rmi/ooc for Pe34'il  2°  Otatoo0  Po 

caolgoneo and for =tonic Ir-n roopectively, 



(1, 	 jrArp.la 

Difforont absorption lino° oil' ham afforont eoptho 
as oroao It lo tho aro° thigh ono ohoule oanolduktOon 
comparing tho intonoitioo of tho limo and not conly tho 
doptho co thorn oly bo lino °hope distortion and lino broadone. 
in3 chit% 	lack to twang intorprotationo it only doptho 
taro oonoldorodo Of coon°, Utz X11 dofinod nnhroadonal 
linoa at Lorontolan °hap, only tho lino dopth eansidoratimm 
con alvo acooptablo at 	yo  Otero aro many facto= vhich 
oantributo to the lino intonoity 4Ifforonoo in Elonohneer Moat, 
lb v111 Soot contion tho such Oviouo rocooneo 

Ono of tho mot trivial r0000na is tho rolativo t ,aoltion 
rdbabilitico (Cloboah-Oardan coeffielonto) ttloh as difforont 

For =jaw hyportina oamponontoo Anothor racoon Lo tho 

as 	dopondonoo of radiation intonoity vhloh lo difforout 
for difforont hyperOn° comp= Q. Th000 halm boon omopli. 
floe in tho moo of hyperfino intonation of P°37  in tho 

coot on X.15. ^boo 061100vonoo of thin anvlordopondonza is 
ovidont oho* ono *Boa a oinglo oryotal absorbor choro tho 
intonoltioo of the °peat= poota olll dopond on tho anal° 
bot=on the oolttod quanta) and tho !motel axon in tho Qcgrao # 
tho anal° batmen the enittod quantum and tho motal ovoo In 

tho aboorbore  °too In a polyoryotallino cm* th000 angulay 

dopon3ont Intonoitloo cot ovoracod end tbto oill bo diocu000d 

in dotallo he Intonoltioo may oloo bo atoned by tho 
Inolulvolont alto° of titioobeaoc °c um or aboarbov loading to 
difforont absorption °poet= N.:Mob zhon ouperimp000d civo 
difforont 1,i intonoltioo and ohap000 Tho Niia'obator fraction 



(dicoupood in tho pout °action) chic% 10 reoponoiblo for the 
aroa and tI dopth of tho aboorption lino in conoral, till 
not add to tho intonoity difform000 in tho linos if it in 
lootroplo. In (moo of aniootroplo t-tactoro,tho lino 
intevoitieo try bo difforont ovon for a polyoryptallino =pia 7)  
ThIO io oailod tho Goldanolei .ffarygla effort and tea first 
obooivod In a quadrupolo oplit opoiltra end has iio origin in 
tho aniootropy of the binding of tho Vesobaaor atm to tho 
noighbouro. Anothor pcooiblo ror_oon for tho diffaroco in lino 
intonoity is* tho roloaation.offooto )° 	aceontly tho Goldasakii-► 
goryaain enact tro boon otudiod in dotall in tho woo of 3n 
00117x:undo by Stichlor of al ") 

rho lassbanor aboor ion onperimoat tattoo it 	b o 

to cocoa not only iho lino vidth but also tho lino ohapo 

of tho ga. ,4a rayo  i.0.0  Ito opoctral onoray diotribution or 

froquoncy opeotran, / (u)). A leicabauor Y.ray °pitting 

nuolous may` bo oonoidorod a =pad=Motor ) and Ito 

ovation of °ottani° 

woolao 	ase .4) 
00 is 2a tiro tho froquancy of tho a onrd cooillator 

constant 
 tho dT/iiion  r000 ion), Tho 

oolation of 2A1,(1e4) rtion )(<4 (Do 0  la 

g 40 0 co  0 Yi/2 it3ot 	art ) a  

	

for t o 
	( 



44. 

ila tho roolprocal o tho coon lifo of tho =atoll Mato. 

Prom Ito Yourloz tranaforn t7o cot tto froquonoy opoctrua of 

thin dcopod millator co 

• ,( z(u) ° Thr  (La) 

Tior t.oN t,) 0 	froquonoy dopondonoo is v apprcul od 

bY 

ct.oro too amili67)r' • Thia 10 call ad L1 Lorontalan (or 

Drolt•Uignor) lino ()hap, 2ho onorg dopondonco of tho 

r000nonco aboorption OVO3P motion to 

0--(ro co; 	0194/0)2  
(rezd 4,  (rA) 

rao 11), 10 o full vidth at halt cant= of ft ahlorptica 

limpro In Avon by Dqn41 	fl  La tho fraction of tho 

cm= 2oyo atamtod althout r000ll and a to tho natural 

obunauco of tho aboorbing nuolol. 2ho onporicontally otoorvod 

lino °hap la tho auporpcaltion of tho oaloolon and aboarption 

Ilroa according to tho Bq 

o6 

0---oxya,(n) 0 Jo (o) (r.  (-0)40 	(1.0) 
-06 

rhoro u)(11) la tho °petrol lino chap of tho oo t,00d go= 

ZVI 

(0)  

 

(rs/02  
no) ( r/ 

 



Thio rodwoo to 

Thio oh= that tho mono= lino io oloo Lorontoica mith 

width /Avon by ( 11 440. Ona indioatoo that tho lino tidtho 
of oouroo and aboorbor aro additivoi X0 natural lino midth 

la ronlisod both In °Wool= and oboorption, tho oboorvod 

onporimontal lino width mill to *act tmloo tho natural lino 

oidth, 'hlo oituation la rnroly attainod in pravtioo au 

tho onToricontal linoo I= a gaper intormodiato bottoms 

Lorontoica mi Onnooion. Dotormlnation of (mot lino atop 

la a oonolloato4 tat important oubjcot and hap boon troctod 

ontonalvoly in litoratnro09) Tho study of tho lino ohnpo con 

alvo tho lattloo proportioo 	mot ro° and aboorbor, Tho 

booharoand of nonmroaonant coma ray°, noloo0  hyporfino 

intoraotiono, loots of couplet° honoGonoity in tho oampl000  

oolf abaorptiono  finito thickn000 of tho ooaroo and aboortor 

and inotrumontn1 lioltatioto are oomo of tho ammo uhloh 

diotort tho rooultant 1 	ohapoil Tho of 'oat of rodiofrooponoy 

mamma on natural lino ahapa hno boon otudiod butopotelontiy 
00) by Rook and Uouormoh oo =11 co Ruby and Bold' 

LkliCIEULIRMIRLE 

Mau an omittina atom la onbo(od 	a 001140  thoro 

a doginito probability that tho can -r omittod boo tho 

full trcnoltion ovoray Et and tho latter) maim in Ito initial 

°tat°, That So thoro 10 no onoltation of lattice vibrationo 

(phoncno) and thug tho proc000 io onliod raves phonon promoo. 



Thio probability lo called tho P000bcnor frcotlan f Ito 

vain() lo obviouoly ooro for 0 froo ntoo cad lama= with 

the IOCVOC30 of 'attic() rigidity, b000i4A5 unity for a 

complotoly rigid lattico. LIptln'o4)  tqo our rulao to onpinin 

tho oniotonco and cmgnitudo oftiieobanor fractiomt havo boon 

onploined very cloarly by laoteo Oa tho mirage, tho 

onorgy tranoterrod to tho lattica to Not rgtho onorgy rhich 

the individual maim° could havo if it roodlod frooly). 

'ho firot oun ru104)  allom on ammo/010 probobilit7 fag' 

no onor toanofor to the lottico (ooro phonon Rococo), 

Providod there io on approciablo probability for an onorgy 

tramfer gzootor trafl, MA= haraonic potential 

apprcalcation,both clonolonlly no roll co quanta° cechnnically, 

tho following myrmidon for t con bo dorbod 

t 0 my ( 	(nP>) 	(1.10) 

tboro 	PIA donotoo the vivo toe or of the ghoton 

(X0 vravolongth), <lb ID tho neon oquaro dioaacocont of 

tho emitting nucloao (=oared olona tho direction of 

propagation of the Y(..roy) at tomporaturo Q. It to ordinarily 

ozpreocoa co t 0 $41U, cher° 2V lo tho Debyo.Vallor facto'.  
20 ooticato tho valuo of I' ono illot troow proolooly tho value 

of (n2> which account) for tho dynamical oepoot of the lattloo. 

la foot it lo not vory oinplo to calculate thin va1to tor 

all typo of otructuror and has boon oaloulatod only in a tau 

oinplo c0000, with oimplifying ceoupytiono, In an harnonic 

aparonication for a cubic) nanotonio oryotal motrin tho 

onpr000ion for ttne> can be mitten co20) 



(11 a ct to  

oroChQ/112) ea,  a 
(141) 

hft. 

Cot 	 44) 	 Ala). 

choir() 30 la tho noraallana conotaat and a(w) la tho 

donall7 of vibrational °tato°, tbo Boltapana conotaat and 

2 Um abaoluto tonporaturo, 2ho onproao/on for '1' b000coo 
tborofora 

o  )4 
QV 

2 0 

In at or of c30) for a ro 	ale or la a ?trot 

wrosimatian a Dobyo oodol is 
	

for tho 'attic° I% 

locdo to an ouprowloa of ao 

St) 

132" 	owl 

taro OD 10 tho Dob7o tomprataro of tho oolid 

Par optical maw outrlbation to Iffs  tho Elnato nodal any 

bo wad for vnlob 

aio 0 508 
	

(x.14) 

do 

Oath (Lao) 



tL11 	tho =prowl= for f yhila layl dot tho 

rovironont of a good biaabcaor tootopo9 

0 0 R OP A rtaa 	lora 

cr~arbix nith Vo 7 lootopo chic& he o oovoral 

thoprr portioo of a good Cemsbauar lootop 	X03 

love actrzta ray' lovol, oonvoniont 11n6tidth, long Mod 

print nnolal (0o59), largo UoDobnuargraotiam g °van at 

hIchor tomporotaroo0 to informal QoAvOrOloa ocoffiolant 

hit0 roocuanl atom/Alen moo 000tion ato. In addition, 

iraa lo o o of tho tranoitlaa motalo (rich partlally fillod 

ad oholl) rAloh 040 t PrInalpa solo in a nurabor of 
incomplotoly endorotood phonamana concornad nith macmotlo 

ordorIng in oolido a Uoroovor, tho =Mod wato hao a 

spin 3/2 and groand °tato opia lo 1/0 thug thoro io no 

qacdrupolo nomont asooltiatod ulth tho ground °tato and tho 

quadre lo and 800= opi&t opootra aro not u al y oomplioatod 

Tbo important physical paravotoro of intoropt3) ago 
tabulatod 1,n MM.° 191 and tho decoy oehoma of tho 

	taro 
atflin3 14,4 haV Iloriabczor settna ray lo givon in lfilg.1 

lop Lamm wratzla 

137 far tho 	01e root applioatio 	1 1) of tho 

Odosbanor =foot nova boon to tho otady of intoraot1ona 

bats-Jon oloctrono and tho maolauo0 onllo4 hyporflno intorao. 
Wm, 21110 10 tho narr0173300 of tho lino uldfhp coda 	 ilablca  
ciao to rocfoilloos r000nanco aboorptIon unlohdrondoro 



40- 

(1) 00 

Rolf lifo of tbo onaitod D4lt09  
Total. intorno,. 00:1170r0$011 coofficion 
Natural iootopo obimilanoott 
apia and parity of mund Mato, IG  
Bpi a Da parity of orroatod otato a la 
ritlar-TUO 1110talt of tho volzad ototooiLl  
Unariotio HOER of tho ozoitod ototocolie  
.Ylat.trapolo aunty of tho evotalle otntoo  Qa  

Clandrapolo nozont of tho onoltod °tato*  Q 

naicno il000nonoo or000 co lcjons  as 

Atonic, ooattorina er000 aootione  crat 
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000 
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focolblo tho otnay of at mall intoractions, Oho natnro 
of tho intoraotlon imolvoa both Ma atonic and endow 
paranotoro and thno form a bridao bottom tho tco othoraloo 
ooparatod diociplinoo callod ooli4 Mato ekyoloo cad =low 
phynico. Such cocomroconto provido tho books0  for tho 
dotormination of tto olootronic ()Woo and op in diotritution, 
caanotioation and nnoloar olootrlo land ca4notio nanonto, 
ionioitioo (or valoncoo)0  olootron conglouration in cOtalo 
and alloyop cryotal fiold paranotoro and oplittina of oryotal 
field otat000  oraoring cooboniau in 0110700  cnototio (ond 
oryotalloaraphio) traroitiono and cngnotio ordorinq prc000mos  

camatio inpuritioo9  and tvia otructuro oto. Tho onploration 
of tt000 otoalo and nno/oar proportion in tura bolpo ono 
to invooticato and undoratand tho hallo nicr0000pio ploturo 
of cattor. 

Althoudh tho thou:, of hYporgi intoracticno op 
canifootod itt Iliiaabanor opootr000m hag boon tre4od by a 
nu or of authorol041°1) 0 Ito rolownoo to tho problocn 
of thio vorh Notifloo a trial diaouaolon hOro, 

Tho hyporgino intoraotiona conprioo of tvo typo of 
1ntoraotionsha7in3 oricia fron tho otatio and dynamic 
(ourront) oharco diotributiOn of ft nucloar and atonic' 
olootronn. hoop aro tho olootrootatio and cacnotio 
intorootioao. In any typical, moo ono or both my to pr000nt 
and vo aill dicoaao th000 moon ooporatoly.  

(A) Bridura 

Tao olootrootatio intorno on0 ) 	con to onpr0000d 



as an intogral ovor tho naoloar vain= (Won by 

Ho  f zt ((a) v(ii) 	 (1010) 

tboro 	is tbo naoloar charao donoity cnd V() is tho 

oloctrootatio potontiol arlaing limn all °atm =lam 

obaraoa, 2ho 4opordonco of tin potantial can bo troato4 

b onpandlna V( c) in a Taylor oorloo about tho nuoloar,oantro 

of moo, Thio loads to ,  

(0{V0 

WWI* alrimak ( 1619 ) 

Tho Mat taro in th3 ono rom000nto tho olootrootatic moral 

for a point nnolon°, 2ho alpolo and ootnpolo torco yon a4 

baocnao tho intoaraad Jo am Oil function, Oho coanitudo of 

tbo honadocapolo torn la of tho ardor of le that of tho 

qnadrupolo torn and la obooll'ablo vow raroly and thno c3 

gill ()Ay conoldor tho ?trot and tho Ord tor 

:M...,.074.1a249,41211 ( o io Shift) 

2b0 Mat torn in tho 	thiob moon tho 

olootrootatio =ray of a point =low to an war 

cation of tho roil plotnro of a finito =lona and rOgiar00 

a corrootian torn vb,Joh ant account for tho =low aim, 

2o amplify tho calculation° 'Mc viol= la amumd to bo a 

uniforoly obaraod ophoro ulth radlea 11, 2ho olootroatatio 

potantial for tho point =lona and for ono baying a radlno 

D taro alvon by 



and in.tho 

to) 

vgia 	.14 n, for 	( 19e. 

for 
	

( 10b) 

Thuo tho o ootlon tom 63 0  tho 	o 	o 	B 

t. Bp  to divan by 

06 

813z. (c I Y) ( )1 )(Vfin VP ) 

char -011419la  tho olootronio charga dana 

OD) 
violnity of tho nuolow In Givon by 

...01Y) 4112  0 .0 Q rPe'°2  

.11:2A1 
'
00 04  1 4(0)12  

(tieCod 

dtaro 	11(1.0882)0  a to tho flno otraotura oonitanto  nna 

Wo)1 io 	onrolotIviotlo olootron &malty* 2Nio 

olootron donolty is anialg of aro a-olootrono no tho 

contribution fry poao  and f olootrono 10 vory  

Thu ovation (40) boom= 

e.-( 6 

wats p,ifte+2.,  
t 2(2N.1) 

...11.2.0.1  

W01)(e4) 

Tho tal intoraet1on for a finito naoloao in givon by 

lle  3nonnolo 3yoint 1:1  '="411q1"--Niti  
C(2C•14)(ne.0.3) 	

(1*24) 

873= rP  "gdo 

nPQ 4,1 	e41  

P(P43) 3 C 
(i.e3b) 

(10P130) 



Tho afoot of thin Intoraotion In to aura all tho 1711010w 
°norm lovoloo  cnd 10 ohota in F 13.1 «3« Ao tbita intoraotion 
Clopostdo on il(tb.o radlna of tho hi:clomp) and C( t43 ()loot= 
oharca &malty at tto =loan) 013 1l bo difforont for 
onoitod and arcana ()tato of tato =elm and alp° for au oronc  
aatoriab (noaroo and abnorboni in oar moo), Dofinfing tho 
onorg difforonoon of taro onoitod and tho ,around otaton ca 
haw; 
for tho °woo 

on Coo (Lea) 

or tho aboorbor 

no t' Bo 4" °Bova 8B, con 
	

(1,m) 

Than tho valuo of 13 and Ca  ails, diffor Sn conoral and tho 
oontroid of tho apootroovlll bo dlogaood from con 
volooity. Thin Waft() woolly donotod by 0, rr,.o Wait 
roportod b7 Mint= and Samar04) end in callod tho Znocorio 
°aft (IA.) (analocoao to inotopio ohift in nuoloav glsoIon) 
or ohoniool ohift 0.30* Graz Ecio.(1•24), (1a3) 	(Leo) 

vo zot 

((C 1)(2(4)r(244) 

[Ik(0)Ina‘ ick(0)11 

2 
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Important to not° th. t thi factor in paronth000n An a 
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nuoloar paronotor and tho torn in braohoto to atom in 

aaturoo  rogloctinia tho olootroalo oonfiGnrationo of tho otoco 

14 tho ammo and aboorbor, Shirloy 	hco aloo Avon 

olnilar rolatiolotio onpr000lon and boo oaloulatod tho 

rolativiotio concretion faotoro gar all olocoatoo Vor a 

non.rolatinotio moo tho valoo of tondo to unity and 

14(0)12  t000noo 1y5(012  and tbo onposolon (140) b000noo 

(Uue ar faotor) 	(atoll() factor) 

vboro &I no  .31z 
	

9bio ttaU.ioa Qith tho onp000lon gluon 

by Wortha028) 

It nay bo romrbod that tho onprirontol Ohifto 

oro actually not tho trim loomorlo Waft valuoo rathor 

it lo a oonycato ono of tho loocorlo obifto  end ordor 

Dopplor chid dao to thornal notion of tbo atozo (thoro 

all bo no Mot ordor offoot oo tho ammo voluo of tho 

voloolty of an aton vithin tho nacloar lova ligo-tico 

lo MVO 'bags o of tbo hid; frovoncy i013  ooel  olbrationo) 

end tho °hitt duo to 123=1 oban6o of tho nuclouo on 00002.011 

of tho Y(...ray ), It hao boon rocontly pointod out by 

DohnC8)  that tho thorcal and 0=0 ohlfto aro not idontioalo 

2ho tooyoraturo ohIgt dopondo on tho onolo botmon tho 

voloolty o of tho mom and tho Unction of onIoolon of 

V.rgo and Ito valmo In tho coo° of polyoryotrIlino oanylo 

72>/o°  chilo tho nano chow ohlft hao no ouch 



onGular dopondoneo and he o to valao 	<AAP 2bno 

tho total of noa-ohotalool Matto to a polyoryotallino 
oom910 to 4,<72)/aa and not .)t)(4)/02  01140 In omit 
moilloco garna-ray r000namo onporicolato tho camotio-
dipolo and olootrio qoadrupolo hyportino intortotion 
Palooacood in tta coat 000tlor3) do not cacao any obift of 

tho 

 
contra of Gravity of tho valoolty opootram, 2hlo io 

uoually rolatod to tho foot that tho tram of tho hyporflno 
iatoraotIonlianiltonlan lc caca. Rovorthol000 n tarp 

ohift oan bo (mood ardor propor °and/U=0 by a combo 
b7portino intorootIon in °mond *Moro  Oa oo oallod 
pooadovadrupolo Intoraotionpi)) 

0 	ME 09 MVO 

AD coon from Bqa,(1020)0  tho I.8. 4oponao on tho 
nuoloar co ill ao atonic factor° ocl co oro of th000 bnc 

to bo olthor oaloulatod 01?Ciotoratlaxl from coro of or 
toohniquo vith a vloc to loolato 	offootoof tho othor, 
Ao loomorlo ohift dopondo on ea ft alto oleo of t nuol000 

it lo oloo monad tha =low voltam 	 0) 
offoot 	9ho 

valao of 6R for 24/Y  tbrma out to bo noGativoarA inplioa 
that tho mita otato radiao io °calor than tho eVella 
otato, 2hio rcoato hovovoro Jo in dloogroomont alth tit) 
choll modol. Vo info' tbaroforo that tho valuo of ta, 
for on at oorbor Inorocaoo co tta Nolootron dowity 
dooromoc (ofooarcoo  for tho °aro 000roo). It io a eon= 
pcotioo to maim) tho I090 valeoo rolativo oithor to Won 

72) or IlagOo(00)0014* t A =mbar of oyotomatioo of 140 
oorrolatlono hovo boa attomptode Ao a rooult tho 



follow ordor hco boon catabliohod ulth rogard to tho 

pacWtudo of 1.3. voluco Lo cam of opla froo (ionic) and 

opin-mod (oovolont) iron oonpcando 

Ni a) > Yo34*(ionio) 	ov) > po (oo7): 

Yor ionic divalent and trivolont common:Soo  I.S. mina° 

aro oharootorlotio of tho %Polo= ototo and aro wad to 

Idontlf7 tho 

 

Clio 	otato oft 	on on tho othor band trio 

oorrooponding value° of tho opin poirod (oovalmat) oompcam3o 

ovorlop13). Valhor of A. otadiod tho Ionia divolont and 

Irivalont coapoundo and tho ad group =talc' and oonputod tho 

73) total o-olootrono donoity from tho riatoon 	troo ion 

two fkinotiono and VorniSo[ro-Coudoolt formalJO  (tor 

40 contribution) and plottod a craph botzoon total a-olcotron 

donoitv co a function of tho porcontaso of 4o ohoraotor 

for various 34 olootron oonficnrotiono (nolo award oallod 

UU4 plot).4o oharaotor atudicd in thio my aivoo tho olootro-

nio configuration of Iron =to/ co [Arladg4010 DononY0  

otodiod tho bonding of tronoltion catal omplonoo 

Into account tho covalonoyo  olootrorogativity and dolocaliso. 

tioa of 4 olootrono duo to banana and aodiflod tho UUJ 

plot. Tho caoo of covalont oomplonco to rolativoly nor° 

cooPlon. H000ntXp arlo400n 0)  ha° roviotod tho oniotIno 

litoraturo on tho loccorio ohtft valuoo and thoir intor- 

protatioao, A000rding to hia tho look of gbnorality in tho 

lotorprotationo of all tho iron coopoando can bo attribntod 

to tho inhoront doftolonoioo in tho thoorioo vhich largoly 

uoo quentitico thioh dopooi on (moray difforoncoo. Ho hao 



Er a 21  
411 )0 

• 

UQ 	4'11 (13/1 VI4 

daap-fans% and Vp 

or 

• vith Q 

(1630) 

(16300 

47- 
roportod 4 erolativo oovalonoyf walla dile io aprront17 
valid for all ootobodral forroao or forrlo comp undo. 

no I686 vnInoo b.= boon uood to dotoroino olootron 
configuration in cogalo and alloyoo  to otudy tho ordorina 
nochanionn in alloyoo  to dintinaulob volonoo otat000  and 
to cocoa.° oovalonoloo oto. no dopondonoo of 1.8. on voloco 
onpanoion and gropouro bno boon ontonoivoly otudiod'77)  and 
many Intorootina rooulto bat oono oat. It is aonorally 
oupp000d that t.G. (oftor tablna othoroontributlono out) 
10 tonporaturo Indopondont0 n000ntly Bouoloy and nom78) 

bavo inoonoluelvoly triad to ohm a tonporaturo dopondoneo 
of I6S6 co tho offoct lo of tbo ardor of ozporicontal 
unoortaintioo6 

I tho OM it cv 	polntod out that tho cocourocont 
of Ls. aivoo °ono ratkor uniquo inforcatien about olootron 
donoltioo obtainnblo only by C000bamor =oat. 

io tboory of vadrupolo Interco ion hw boon km= 
oinoo lona and to notrod at in nuob dota1179)0 no 0000na 
non-ooro torn in olootrootatio Intoraotion botvoon tbo 
=loan Ohara° diotribotion and tbo ortra nuoloar (Marco 
alotritation in nta.(1.19) lo tbo quadrupolo intoraotion 
alvon by 



Qft'ana Vgft aro oocond rank tonaoro oymnotric by thoir 

roopoctivo dofiniticzl. Dao to oymnatry0  Vsbt  hap only 

oin indoporioni coupotonto Dr appropriato cholco of 

coordbotoo (woolly callod principal anoo tranofornation) 

in can rodneo th000 to thr000  7113., Vnt, Div and V. 

Farthoro to hno7 that tho a-clootrono aro ophorically 

diotribntod and konco do not centrittto to tho oloctric 

flold gradiont tonoor (MG) and that pod oto oloctrcno ha7o 

tagigiblo probability of boing at tha nnolonot  oo co can 

apply tho LaplacOo 

roducoo tho nantor of indovondout 000pononto to only tuoy 

It is a nor praotico to rodofino thoco into tco 

paracolcro 	tho o-cooponont of D20 acrd 	thoaoyczotry 

paracotor thioh r:ocodroo tho dopartaro frou anial oymotry 

Vicon in otteh avay* that ZS 

1%31 	I 1/4 I >t IV I 

oo that ono aoto 0$1$ 

cOho origin of DP3 X11. bo diocc000d in dotal is tho 

ohaptor 1D as VI. :o7orthol000t, it C37 bo otato4 thnt tho 
ttlo fandomoatal ooar000 aro tho ohargoo on diotant is 



(If thoir ny=try i,a lomr than cubic) and tho olootrono ia 

incompiotoly 2Allod ohollo of tha atom itoolf. In tho 

for= oano C of tha prorartioo of tho BYO con to dedaeod 

Foci tho oymatry proportioo of tho erslotalo  0.a.0 it tho 

cryotol hao a four -fold =la thon.ch000ing.thio 0210. 03 to 

pe.ani09  lowto tho Vag  0 Vyy and thonTo 0, 1.0.0 ta0r0 10 

on totally opmcatric ftold gradient. It can bo ronaili 

ohms that a tbzoo-fold onto (120°  rotation) aloe,  oufficoo 

to inonro on 0n1a14 oymcotrio fiold grodionto and that 

tho too =tally perpandicular 0200 of too-fold or 

highor ay try moat in a vaalohing hold gradiont. 

tha ayacotry of On tica =rage of tho na oar 

ohargo Glotvlbntion about tho olin anioo  tho oloctrio 

quadrupolo moment torpor coapconto 

Clij I amn((n) 

to ono imdopandont conponant 

(133 I 
 a a C(ii ) (502 	) 
	 (1.34 ) 

Tho quadrupolo coma 1 of tho nuolono la dofinod by Q = 

830/00 a boil tho protonic oharQo. Tbn claaaioal onproanion 

for tbo quadrupolo intonation than bococoo")  

aQ 	[ 	VB3 J 

Moro t0 D3 vhlch arc is lopont of :nolo= oriontation 

haves boon nogloctod Tho quantum nod foal analoguo 

of 441035) lo 

[ An 	k 

.1) 3x3 X(t+1) 	
(4 i! )] (1.3o) 



two is  to tho o oomporont of tho =low °pia oparator 

and X and $c, oro ralolna and lo7orina oporatom aofInoa co 

4 0 in  2 lir nor, to dotorolno tho OiVrrat100 ana olaon. 

vootoro of tho Uaalltonlan Ga havo to dotorolao tho eat ii 

oloconto 

   

tho onoAtca °tato opin Yo  D/P cud thao 

tho vulva B/20  00  4/2 ona 4/f'. OallIna 

elP tho opus at ovivalont toohnlvo 
12 

MI 0 4/P 4/0 

a/a UP 0 VP 0 

0 c3p 0 VP 

a/a far# 0 	0 

4/0 0 VP 0 	UP 

'Rho coo 	14 for tho onaonvalno ic 

1030) 

(1,30) 

2ho oa o o eig,nola = o 

1/2 

 

4 54)  

Mao tho onoitod °tato to opllt 	t70 oublovolc ulth 

onoraloo aivon by 44140)40 S can tho follovIna vovo 

fanotiomo aro molly fond froo porturbotlon ttooryt 
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3̀  494(14 /IP)  

and  

BP " 4

p 

444 )12)  

7ttb A Vtr3.141(14 	)‘ 

1.> ),(18/e,s/r> 413/2 fp)) 
),( 	4/P>+Als/P, Iln>) 
x(13/00,/y) ..413P94/P>) 
X (15,0 ..2/P›..Al3ipo3A! >) 

(1 4 ) 

1.4P) 

oho ) Is a normalising fcetor. 

Thio ohm that tho oplit cublovoln do not how 

definite vaiuoo of ID. Bach doaonorato o ato of a oublovol 

La a suporpooition of °tater; with dofinito valuoo of tho 

opin projoctIono. 3inco tho around otato of Po57  hao no 

gmcdrupolo oomonto  tho rand love' lo not offootodo  and tho 

around °tato aavo funotiono 	bo aooLanod tho mot cony niont 

opatial anoo aithout loop of conorolity. Thuo around °tato 

io doubly doaonorato pith caw fhnotiono 11/2,0> and li/O 4/P>. 
In Pla.1.4 th000 lovolo and tho p000iblo Il000bemor tranaitiono 

hove boon °ham. Ao t Unco tho guadrupolo =opt Q for PQ°  

to positive oo tho quadrapolo coupling oenotant o of ti rrlll 

bo DosItivo or noant170 00@07d 	c go  tho a-conponont of 

Viet  to yesitivo or nogativo. Thaw tato pocoiblo altuationo 

aro dosonotratod in Pia. 1,4 chore the oncitod ()tato oublevolo 

intorchanao. Tho UOoobauer eamna.lino in doublot pith a 

oopm,tion of conponontso  Allgo (soaoticoa donotod 00 e) 

to 

ADQ ci l"24Q (14:)151P 	(1.43) 

It to obviouo that tho aou o nt by tho t obnuor 

Effect of juot ono ouch ooparation (AV cannot doteroine all 

tho parapotora and tho orientation of tho principal azoo of 
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FIG. 1.4 (a) AXIALLY SYMMETRIC FIELD GRADIENT (1F0) 
(b) ASYMMETRY PARAMETER(TONOT ZERO 
(c) THEORETICAL MOSSBAUER SPECTRUM 



tho EPO ovon it tha valuo of Q I1khofon from othor 

toohniquo04 Thio hao brim achlavoa by oomparioon of lita 

intonoitioo in tho ca3o of oindo oryotal oboorotion orootra. 

If 0 iranOaro tho ophoriool cncloo of tho rhotonvootor 
tho prinoiyal moo oyotom of tho 8P0, tho ratio of tho 

iatonoitioo of tho too tmnlitiono bococooft) 

zhoro A lo dofizod b  (1442) 

Ao a opoolal cam of thio thou f1014 eradiont lo 

oniony oymmotrio i.o.010 0, C3 000 that tho ttolo.procoduro 

b000cao wry oinDlo. Tho Umiltonlan of 131.(1.00) roam000 

to 

41FT-rT e•  l'ig i(j4.1 ) 
	

(1440 

th olconv 1100 civon by 

Pon 
Bch for Po (l a  SA boo= Bo 	

n 
) boo 	1=1 4"""17r4w' 

2bo roulting of blovolo aro cloany flogonorato and aro 

obarcotorlood b 4ofinito vaitaca of 104 (A a 0 and a 

La 131,(1•41))4 rho lino intonoity ratio oim liaioo to 

140320 
. 00320 

(1.40) 

It lo olvolouo from a ooayarloon of Bio4(1444) and 



( qAO) that li inflamoo tto andular dorondonoo of the 

aboorption or000 motto-an of In doublot oonyonontai 

It my bo rointod out vary oloarly that tho Eq.( 44) 

and (1.48) do not tabludo tho offoot of vibrational 

onlootropy (Coldanahli-Uaryadin offoot) and two for any 

coantnaal intorprotation 023 OhOula di %) prepay oonotd0ration 

ohilo oomparina intonoltioo. Purthor it to intorootina to 

40t0 that for a polyoryotallithi ample both (1.44) and (1.40) 
glad tho intonotty ratio to unity. 2huo tho proaoapo or 

abconoo of any procotry,paracotor to not ovidont fron any 

ordinary n000bauor orootran of a poodorod omplo. All the 

five quontitloo vi3•0 WU) 00 p and)( (tbo lottor throo aro 
the Dulorian andloo) thioh aro noomary to orooify the 

tonoor oomplotoly ern bo dotorninod by Oka° oryotal 

nocouronanto C2) . 

Liho 1.3. tho firot oboorvod quadrupolo tntwr^ tion in 

a n000buor opootran mo oleo roportod by not r sand 3uuyar 

07 Parthor it coy aloe bo ompheolood that in tho ot, to of Vo 

n000baaor Effoot pr000nta ooh aka° infornatiou about the 

nnoloar quattroolo interaction°  bow= a ontionol cothodo 
fall al= thoro aro no omitablo iootopao of iron vita a 
maid otato opin 	Li40 toocorto °hitt vaauoott  the 

quadrapolo aplittina (A804) valuoo aro alp* oharaotortotio 

of forrouo and forrio oonfoundo ulth fur r or difforontiation 

of l000pin cud 40 op101"0"). or iron 000rdination 

compound° ono findo the mania= quadropolo split' ing in a 

hidh app d oonft ration of iron with the too opin 4°  tont 



io duo to tbo contribution of ono nnoompozooto4 olootron 

+tat old° a ophorical half filled oholl in tho form= ocoo and 
a pooitivo bolo in tta lattor woo. (=Nor TV cad VI) ) 

Boon= of tho tonporataro dopondonco of occupation 
probabilitioo of thin aoconponaatod 4 oleotron (for d0 
configuration) and pooitivo bolo (for 1,16  oontscarattm) 
theca cockpoundo ohm a tompora-kro dopondont t Be On tho 
othor hsnde  tho hiah opth 43  and lot opin 4oa havin3 cpborica.. 
fly opt:atria 4 olootron distribution o  produco vory =Ill 
t fl oith fop onoopticno (o.g.,r1a2P0II(0001101.2ni0). 

If thorn io coymatry in tbo oryotal Mich could ammo 
an olootric quadrapolo oplittinao  tho applSoation of proocaro 
4U altar thlo oplittIna, Molar for000 could bo nood to 
Andloato Oho oriontation of thio aorcntry With tbo or 
anios Tbo cathod to =optionally oonoltivo end can dotoct 
cormotrioo10)  lublob aro not coo arablo 137 H.ra; diffraotlone 
It to ouopootod that a propoadoronoo of unpaid olcotroa 
opino in d loiol era Influonco tho gradlont through opin-spin 
coupling. A rolationohlp bottnon tho nomotio oaccoptibillty 
sad olootrio quadrupolo oplittiag for iron ompoundo hco boon 
found13) nvoz if tho alto oyamotry io oryotallogaphically 
cubic bolory tronoition tomporatoroo aa olootrlo flold aradionit 
awn bo induood duo to tho on sot of intornal or ()stoma 
aavotie flolda4) 0 fto pr000noo of otatio Jahnewiollor 
diotortion oaa aloo Drake° a non-vaniohina olootrio flold 
andloat33). 

2b2 

 

1.8. amt Q.S. valuoo haw boon auccomfolly aood 
30 to intorprot oovoral hithorto anoolvod problom 1291800.20,M )  

of otruotnral ohonlotrya  vale= °tato ond bonding° Dotes gory 
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intorootin5 and nooful onpirloal or othoroloo intaiivo 
corrolationo Ito= boon roportod in litorotnros  o.,5,0  in 

113 0  53007) La. vo LAI s X.34 v3 olootronoaativityse)8 I.8, vo 
Uophalaanotio offoo,P) monnotic anocoptibility3(vo2sl150) 

optical paracotor Dq vo 	at 144 ) 1 proton onatotio 
roocncnoo obooioal ahift vo IsS,C°8 Rniaht ablft in 53 vo 
o-olcotron downy ) 	vo opin-apin oonplin5 conotant 
J in Uta92)  oleotron opts roman rararotoro D and 33vo 
b
e  .oto. 

2bo alga of tbo quadrapolo ocuplinz conotant can b 
do tars 	in a pin* cryotal by otudying tho mull= 

variation of arrow ratic3 or by naGnotio portarbation toobniquo 

in 0300  Of Pecaorad oarza0D2)  0 

(3) aerar.....Licriimper,...20. 
Tho Umiltonian oporator for tho coGnotio intorcotion 

of nuolor lovol vi: th apin amnia* nonontno I and affoctivo 
mocnotio tiald fl to divan by 

0) 

vhOro 	tho =law cyromagnotic rat a° of tho nncloar 
OtatO and D o nada= cacnotons If tho =moth, fiold 
io cotina alb n-axtat  it boccoao 

- (1.49) 

Tho rooulting Baoiltonion r. trio 10 Gina° 
olaonvolueop avant:sr 

with (2U1) 

Iv( 	Y4.1)0- Z (1,00 



1(0 3/4 (14,cos l ) 
*1 (1.82) 

The sublevels aro equally °paced with ooparation of 0. 

Per Po57 the ground otato (Ig  0 1/2) icy split in two 

oublevele oeparated by an amount p = solt„H and the excited 

state ( /0  = 3/2) splits into four sublevels with equal 

separation of a 0 go  „H0(Pig.14where go  and go  are the 

ground and excited otato g factors roepectively and the 

9 3) 
ratio go/go   has boon found to bo 1,718. The dip le 
radiation selection rule, Lek = o, ± 10  restricts the number 

of allowed transitions to six at the most. The separation 

between the outermost two line***  3a + (30  or 4.715a0  is 

found
93) 

to be 10.04 =bee which corresponds to an effective 

magnetic field H of 330 kG. The relative intensities of 

thane transitions aro given b994)  

kiamaril io  0>i E  P2(0) 	(1.51) 

whore the first factor is the square of the Clebsch-Gordan 

coefficients describing tho vector coupling of Ig  and Ie  

through the radiation field LU and 0 is the angle between 

the direction H and the incident gamma rays. The radiation 

pattern for dipole radiation (L 1) P (0) ion  

( ) 3/2 sin 2G 

The relative paramaterc of the transitions involved are 

listed in Table 1.2. 

Some interesting conclusions from this table are as 

follows* 

Per a random orientation of X with respect to the gamma 



1 -1/8 o 3/0 
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47. 

dirootiono  tho rediation lo unpolarlood and tha Ignoo havo 
Intonoltioo in ttn ratio, 30$1t1120. 1202 M porpondioular 
Demotic fiold 8 (0 0 000), tho ratioa aro 514$11114t0 with 
lino= polarioatIon 11,1,11,11,1, I I • Dor as 	Siold 

0 0 0°), tho radiation lo oiroalarly polaricod ulth 
A la 0 0 tranoitionaloolna end tho vial:131am four 11noo 

havo intonoitioo $11110 with polarisation late  righ14 

left, richt, 

'rho rolativo onor o and into itieo for 
variouo allotod troaoiWm) in 

to) a 1nm 
	

1- 

if a nuolouo io 	 lootrio fioid 
B and a 03 tie flag Ho  tho pooition of do oublovolo of tho 
worflno otrnoturo vill dopand on to ratio of magnotio to 
tho olootrio interaction onor3loop tho aoymatry paracatorl 
tho cnalo bottom tho main ado of tho O tonoor (for a 
pnoral moo), end tho dirootion of tho ma3natio flo14 if. Tho 

combination of th000 fa Coro mho° tha dotornination of to 00 



pancotoro and offootiva nn do fi 140  fron a aivon 
Cosobanor opootran0  rathor involvods Dor thaw (moo in 
thio4 tho dirootion of tto afoot:Ivo intovnal necnotio fiold 
oorroopondo to ono of tho aro printipal anoo0  ol000d for 
mo,ZWAnaleal onpr000lono havo toon dorivod to l000to tho rook 
position and ooticatIon of thoir intonoltioos Oa tho 

othor bond thio io not tho (moo for an arbitrary oriontod 
intornol moenetio fiolds nny Ocpetor proarono05) havo boon 
ntillood onomoinglly to ootbat thin problon indite!' the 
oboorvod °poet= para=otoro (lino pooltIono0  lino old= 
and lino intenoltioo) aro gittod by tho itorativo cathodo to 

harms tho boot fit D73 parr. tors and offootivo manotio fioldos 
Ha vill only eito horo tho folloyinaopcoial moms 

(1) 111 	Sti 	0 era 	sal ux 	s ptillargio  TO 

Thio lo tho oinploot onlos Tho onorgy olaouvaluoo for 
tho onoito0 or4 creand °tato aro divan by 

2 A7 3/2 110001 o aopol ¢ (4)1°21 4' 1/2 
 

gQ/4 	(LW 

All tho 4 onoltod otato oublovolo of 1ias140 aro r ho 

dioplaood by an owl amount by tho padrupolo interactions 

Thio dioplaoonont is of oppooito aim For ri 	3/2 and of  

Parkor")  hao dono rodhino oaloalationo for 2 0 10  
3/20  2 otos Dor oRqQ/AR(‹ 10  tho onoitod otato anon/ lovalo 
eon be d000ribodPO) by 



;)00 	go/k 
/2 
,...cuLit. 8 	911 	(160) 4 

Tho Soboontio onorey lovol diagran on tho 1000 of 1 ia.140 

and tho pr000duroi of tho analyola of tho oboorvod Mboobanor 
()patron hap 'boon illoonooad in Ohaptor III. uo vill calm fop 

=comp rocarto and thou Pill dioouao tho not on000 

It folio= from Bti•(1084) that to to 0 0 000°1  
Vo 

Imo second tom pill b000no core ma for a noncom G. 

10 lino oplittine pill bo of tho typo of Pi 3.1.3 and an 

orranocuo conoluoion of Dora field erodiont 047 bo loforrod. 

Ruth= if Q(3oope0 — 	roploced by Q'  B1.(1.84) 

b000noo foroally idontiael to 311.4.130 0  and tho qua polo 

nocoato  9 m which maid bo dodaoodo Q  bo in agar, both 

in oaanitndo and Mem oss.olf 0 0 u/20  Q loiii orror by a 

factor of .1/0. 2tno Dq.(100) In inmert3iont for tho 

datornination of o209  if 0 to oat:noun. R000ntly it hao 

boon oho 97)  that in tha coca of an, axially oymotorioal 

Iwo and an arbitrary 00  tho onorey of tho =nod ()tato 

nacnotio oublovolo (I la 0/2) may bo =Mon in'au oxaot 

an 	Pay for an arbitrary ratio of 1411/1o20. In thin 

oaso 

112 	q,C) I a 	(  

if 	0 tho Eq. (1.136) boo a 07 

sot (t¢ F)V2 	o  

(140 

who total not  acting on tho nn 00 
	antOu a) 



6 

It  

E 

1 3/2 

H=0 

 

ti -Jo 

	

/ I 
	 1 / 2 

1/2 	< 

	

\ \.1. 	  
1 2 3 4 5 

FIG. I.5 ENERGY LEVELS AND THEORETICAL SPECTRUM OF Fes7  
WITH MAGNETIC INTERACTION . 



no 

Tho firot torn 1100 10 tho ontornolly appllod flan and ito 

ma= ottainablo valuo for all practical parpc000 to 

abort 00 WI too mond and third, to= aro tho lemmata and 

Gonngnotloing tioldo aft aro vory at 1. 2ho loot throo torco 

oro orbital, dipolar mid Para -contact Intorootion tort 

and in foot aro to cojor oour000 of tho oboorvo4 larGo cametie 

floldo. 'rho 'lotto~ throo aro dioca000d in Ohaptor /II 

ho condition o t 	Oboorvability of aoocan 

oplitting")  aro 

, f2r 	Lot.te), 

(1,04) 

LJL io tho Lamar groquonoy. LC11  tho nuoloar 1if'otfca, 	tho 

olootron opin corrolatioa tip and 	tho opin flip 

froquoncy, Par VoWItho firot condition roquiroo Doig 

Tho ocoond condition (1,02) taboo into mount tho fluotea. 

Um in tho nagrotlo fold n1th ti co (in tho flrot oondltion, 

vo mounod tacitly that thorn lo a not titer avora604 coops*: 

g10)4 optina oi tho m101000)0 If tho tip fluotaation to 

Mich lo govornod by tho olootron opla oorrolation tiro rs 

to loop then tho Iarnor pros 000lon tIlo, thou tho nucloao 

ill not 000 any nagnotle tlold* Thlo happono in mot of 

tho ;arocaanotic mato, On tho othor hand if tho Lwow 

froquoneguk p lo grootor than tho opin-Slipezoctuoncy-n- coo 

°head moot a Boman oplitting, That thlo to in404 tho 

(mot  boo boon roportod by 'orthola irk, aocolka anon othoro ), 



Thio to tho =noon thy noot of tho dlocuoolono of Boo au 

oplittinc ta Mioabmor opootra portala to cstoialo Mich 

onhibit opontanoom coanotioation or oublattico c:_potioation, 

in tho moo of nod  floido voryina 'ran 210.to POO U00 

for °pin havo boon oboorvod In various conpounda of trivalont 

iron t onollor vale° la ohoractoriotio of onidool  tho 

laraor ono of Rinaldo* xn tho omo of 41voloot iron conpoundao  

in oontrtot to tho trivalontp tho ranao of Mid° which boo 

boon roported 10 ca oh lore r, 2ho vtluca ranao from e0o bOo 

for pot  in 000 to 380 in PoP20  and to 408 for divalmot Irma 

in P0a0d0 Tho meson for thio motor divarolty lloo in tho 

orbital contribution. In aoca of tho covalont trivalont iron 

compound° tho offOctivo manotto flold otoorvod to rothor 

ocall no quotod obovo, Thio docroem coy bo aceountod co 

follove* Siam Po80 ion to in a ophorlcally oymotrio (3 ) 

pound atato thoro aro no orbital or dipolar oontributiono 

to thohyporfino otructoro c 3 	 to la a coca ro of Ur) 

unpolrod °pin donoity (spin ap.opto Om) at t =low 

produm4 by tho 34 olootr000 (Ohaptar III)* Vi4h inoroaoina 

oovaloaoyo the d olootron boo rm4 dolocollood and adninod with 

thoao of tho ourroundina 11 aad atoco. Ohio protium° a 

dooronood °pin density at tho nucloi and toy aloo roOnit in aoao 

orbital momont* Tho lattor moult° in a poottivo contribution 

to Sion  and oinoo tho total hyporfino f101d to =cativo. both 
thio and tho ohanao in optalonotty0  mom a roduotion to 

oboorvod 	Thoro gill oioo bo dipolar contribution to 

tint hyporfiom field* 

It appootO that tho hyporflno fluid is a moro oonoltivo 

Indication of Zoo doaroo of covalonoy than tho.loomarlo ohifto 



mhichvarleo pith tho total charao donoity at ' hog nucloms, 

A fon application° of hyperfino interaction nor° 

co tioned °calor. R000ntly Gone î0}  has onumeratod many 

nom and usoful applications via. hiah prooauro phyolos, 

occurroneo of opontansouo magnotisation of thin film°  

opin donsity moillations°  penotration of oonduction 

olootrono°  opin polarisation into non-aaanotio f 

determination of localisod momenta, sup = paranagnot on 

(the oluotor also affect) polarisation of aanna-rays°  

maanetic 'optios offooto (Portray offoct°  nagnotio doublo 

roireotion) °to. Orant1(4)  alto recontly dial:mood tho 

wanly of neanotio propertio of matorialo uoina tho 

L$osbauor afoot, 

it pay be rocarhed that tbo 04osbauer affoot to no 

tho only 1120210 to dotornino the effective naanotio finldo 

aotina on the anima of a oolid, In foot UM EPR, nuolocr 

opocifto boats°  amaular corrolatioa of l&am. rayo and 

Interaction of polarised neutrons with poltarised nuclei aro 

the other mothods onployed for thio. Compared to all 

thaoo mothodo0  the niaobauor method boo tho advontaao of 

boing direct°  rolativoly oinplo and foot, 

1.6 TA HT 	0 

Oho intone of the =per montal invootigatjono and 

the =orb:sal calculationo roportod in the omocoodina 

obaptoro of the thoolo has boon of many folds 

(2) Tho otudy of Fop's  Tattoo, mato, h:mina aoneral 	la 

MO04)2,0020 vital U * 112442', 340  neo  and Co pith 
the flosobauer Effoot toohniquo nay provide, 



) Tho ontont of char ap a-al:boric diatribution 1oadin5 to 

Um BYO at tho Yo
Po 
 ion. 

(ca) Tho tomporataro variation of quadrupolo omplina constant 

DO Yield the caan4P is GocuPtion probabilitioo of Vila 

oiath uncoaponootod d olootrom. in tho 2oP*  ion aituatod 

in tho actor octonhodrono This in turn 1411 clvo tho 

ootimation of obaraotariatic tosparaturoa of No oryata 

flail clan ti, lovolso 

(a) Comparatio atudloo of qucdrilpolo coupling eogotanto 

IA tho oorloo via l alvo tho round otato vovo function 

of tin other canbora of ft claim ao rIti combor boo a 

Inp around ()tato vavo function* 

(o) Tho afoot of tho =Tina oationolootrococativity o 

tho 14. voltam 

(2) Tho study of Ohalcomi o (0000 ) clay provido tho ooncluo 

sive asolasmont of tho ao fas4  coatrovoroini °Motion of 

tho vac= otato of iron throach tho valaos of lao-nric 

ahiftot  quadrupolo couplina conatant and offoctivo 

manotic fiold and thair tonporaturo dovondocca, 

Tho UOsatcuor and caanotio mooptibility atudloo of 

Alhali Dithiofarratoo (III) of tho ty r A1900 vith A 0300  

g4 1114 and Oat  oro undortalcon with tho vio% 

(a) To sodh thoinfornotion of tooporaturo dopailant 

podrupeo ❑plitt i {into totrabodraiiy bondod PO(ITI) 

ion vith a viva to ocomro it to Ito countoryart Po .t) 

and aooh tho ontont of lovoi °alp:ration of crystal fiold 

split a an4 071ovole. 

(b) Tba of oat of =Om o1octrono3utivity on 4, In vivo 

of opp bondina of tho Po(II/) ion, 



(c) Ifo pooh tho information of 	tic tranoltion if any 
(4) Tho Dolor oucooptibIlity pill alvo tho no, of unpairod 

11 olootrono; aloo it° too rots dopardanco oill prodlot 
tho of of of a naaIntiO tranoltion if any, 

(o) ho valuoo of toomorio ohifto rill aivo tho oovalont 
ohorcotor ohioh in aura Dill aivo valiance) otato and 
typo of bondina. Tho vat= of l.d. can aloft aivo 
total o-olootrondlonoity to 000h tho offootivo no. of 
4.oloctrono preopont in tho P0(I1X) ion. 

( ) Tho point oharco.point dipolo calculation° of 	tonoor 
in ionic trivalont iron ompoundo oaq ylo14. 

(a) Oho Information of to ontont to ctich char op dicltribe 
Lion doviatoo frog a ophorioal oyncatrg rooponniblo for 
oboonod quedrapolo couplina conotant, 

(b) Tho offoctivo contribution of tho rarcnnont ox indmood 
dipoloo to tho DPG tin cn an ion. 

(o) Tho ro.mluation of tho nuoloar qucirupolo oo aC of 
tho Po"3  thich cay mow tho ODIDWAG eorromo 
anczoly. 
hotly to u00000 tho ammo of ra point oharao 

ipolo oodo 	lculationo for Omoh oyotoco, 



RAPTBil lX 

IfSTRULMITA2XOI AIID EXPZI/MIITAL TECHUIQU30 

I 14,1110CT OTT 

In the ovent of Douro° end aboorbor having idontiVal 

ohemioal onvironcontt  tho Uombamor tranoition energy from tho 

Imre* dill bo moony °gaol to the mangy roomirod to omnito 

the aboorbor from ground atato to the firot =it'd otato0  

and thee thoro pill. be r000nant aboorption. Portanatoly thin is 

molar tho cam (ao othordioo eholo coalth of information 

available would not have boon there) and on him to modify 

tho tranoition onorgy of the ammo to got the =moat 

absorption. Tho modiflootian dhichruo first omployod by 

Odoobamor in hio original enporimont and had found almoot 

mnivoroal acooptanoo0  is to ohift the gamma-ray onorgioo via 

tho firot order Dopplor chin°. "hug to perform a Uhoobamer 

Baporimont0  a volooity v le introduced botvoon the ooaroo and 

an aboorbor ao that ;mercy of the onittod gamma-ray 1L 0  Lo 

Doppler ohiftod by on amount 

(2.1) 

R000nanoo aboorption dill oc gar vhen the onorgy of the 

gamma-ray from the oouroo cothoidee with a lovel in the 

aboorbor. Thmo an onorgy level or group of lovelo in on 

aboorbor (in aboarption goomotry) may be traoed out by moaouring 

the r000nanco aboorption ao a gumption of velocity. A plot of 

la principlo0  this onorgy modification0  oon aloe be porformod 
by the moo of 'driveo,  baood on afoot) rhioh can bo doocribod 
in to= of 0000nd ardor ohift. Thew drive° ham amid 
application to narrow lino N000baeor effect opootrommo 



tranonitted (or 0 attorod) anamnoboam intonoltp vorauo 

rolativo voloolty conotitutoo a Uembauor opeotram0  as it io 

molly called. Oho Dopplor volocitioo roquirod0  dopond 

upon tho natural lino vidth0  fl ; ganna-roy onoray0  2 0 and 

tho =ray loved oplittinao duo to hyporfizo intoraotionao 

pow Po 0  thoao volocitioo range from a fraction of a mho*, 

to about 1 col000$0  the lattor atvoo an onorgy modification 

of ha 0 040n10 0!. 2hta implioo that0 orith a volocity 

drtvo ohich can varied within I oW000. onorgy lovolo ohioh 

era ithin ± 4440 Or of °nom of tho i4.4 hoV gamna.ro70 

omittod by the aourco0  oen ba invootigatod. Thuo a vory 

precloo uay of =oaring vory each onorgy difforoncos io 

provided, it may bo romarkod that the Udeobauor offoct can 

givo We) precision may in tho rolativo oonso and not in the 

abooluto meaouromont of tho (moray, 

7th the advont of l000bauor offoct a groat doal of 

off ort and ingonuity have gono into the dovolopmont of the 

apparatus for producing the Doppler ohift 	r aim is far 

from roviowing the ozieting literaturo rathor to have a imoual 

roforonoo to corn of the important dovelopmento vhilo dotalling 

the 	nt inforlation about our oat morimental sotql14 

2 

Baolcal 	hero aro throo ingro 	t 	Meeuor  
opootrocater. 

(A) M000bauor Douro° and oboorbor (or Nato ) 

CD) Drivo to provide controlled and toll dofinod rolativo 

velocity to ammo or abaorber for Doppler tuning, 

(C) A otablo counting eeeocibly for dotoctia the trans itto4 



0400. 

conpton scattoring duo to Ito hidh atomic number S0  ao tho 
lattor all' oako tho diffuoioa rap/manta for ouch a aourco 
ontronoly otringont. On the other hand copper catricoo°  ahilo 
having largo rocallfreo fraction at 2com tomparaturo and a lore 
atoraio number°  are chemically unotable°  °Imo unprotootod 
pourceo fond to roact alth atmoephoric oxygen and oulphidoo 
chit% may be proaont in the adbiont 0117ironc210 A romonalo 
compromiso botmen the voricuo characteriotioa to provided 
by palladium hoot matrin ahich in addition aloe givoo to 

narroaar lino. Unfortunatoly thin hoc aloe oz dioadvantago • 
of having an . X-ray of Pi toV tolling near the 14.4 koVildoobouor 
gamma.roy lovelt  ahich may Immo° nonpar000nant back ground 
(in Goa° of maintillation (btu:tor). 

7o on our part°  procured oommorcially cortifiod Co OW 
and Co67  (Pd) eour000 each having initial activity of I izO 
fron Irucloar &done° end Engincoring Corporation°  Pittaburg0  
Pa 132SO, Ponnaylvanla and the Radiopenical Contro0  England°  
roopactivoly. The firot to wed in studies of Tutton mite 
(Chapter IV) and chaloopyrito (Chapter III) 	the other 
vas mood in (Audio° of alkali dithioforratoo(III) (Chaptor V 

A ;arming remark may be nado that oultablo aourcoo bavo bean 
found for only a limited no, of radioiootopoo and aovoral now 
tochniqueo wing acooloratora and reactor° have boon reported 
in the litoraturo0  moat promiaing bolas the coulomb =citation 
and (NY ) roactiono. In theoo roaotions produced oonrco° 
there in a radiation damago chic* roc Ito Into a reduction of 
recoil free fraction. 

MOLIBIlsLettM1113....111BRS 

A Miaabouor onporimont can be porformod either in a 



tranomitted (or oattorod) gammo.boam intonotty vorouo 

rolativo voloolty oonotitutoo a Ilboobador opootruo, co it to 

woolly callod. !ho poplar voloottioo roquirod„ dope, 

upon tho natural lino willth, 11 ; gamma-ray onormi, E. 0  and 

tho onor lovol oplittinao duo to hyporfino intoractiono. 

iior Voar/0  th000 voloottloo ranao from a fraction of a am/000,  

to about 1 omboo., tho lattor &moo an °nom modification 

of AB m Mole 0V. 2h10 implioo that, with a volootty 

drive ditch con bo varied within t i ophoo. onoray lowlo chioh 

aro within t Cante oV of (moray of tho 14.4 toV 	.rr yo  

omittod b  the court*, can bo invootigatod. Thu a von/ 

precise way of moaourina vary omall onlra difforon000 to 

providods It may bo romarkod that tho Udoobauor otfoct can 

Ova thin pros Talon only in tho rolativo oonao and not in tho 

abooluto moaouromont of the onoray. 

nth tho advont of l000bauor offocO a groat deal of 

off art and inaonuity lava Bono into tho dovolopmont of tho 

apparatno for producing tho Dopplor ohift. Our aim to far 

from roviowina tho =toting litoraturo rathor to haVo a oaoual 

roforonoo to ooco of tho important doveloptonto chit° dotailina 

tho portinont inforAtion about our own onporicontal oot.o. 

202 IloSSBAUSI SPEOVICYZEITLS, 

Baoloall thoro aro throo tnarodionto of ISSoobauor 

opootrocoter. 

(A) Zboabomor pouroo and oboorbor (or ocattoror) 

CD) Brims to provido oontrolled and r411 dofinod rolativo 

volooity to pourco or aboorber for Doppler tanina. 

(C) A otablo counttna apoodbly for dotoctin tho tranomitto4 



.49. 
or ecattorad gamma boom intonoity. 

&moral additional =ciliary oystono (o.g. cryootat0  
forms ° arrangmant for prwouro variation oto.) may bo 
nocomary to porfora a partioular anporimont. 

(A4) minium soling 

Ao vary proolooly pointod out by Harbor18)0  tho 
preparation of a geed Udeaboaor octurco ofton roquiroo tho 
combinod talents of a competontehonlot°  cotallargiot and 
nuclear phyolciot ao voll as a far amount of good loll. A 
Mionbauer iootopo is inoorporatod in tho hoot °atria in ono 
of trio throe usually availablo fashion, ordinary synthooio 
of a compound having poront nucla101)

0 doping into tho matrial 
undor investigationF32)  and tho diffuolon of a Moosbcaor 
iootopo in a ouitablo host so as to give a anal° unoplit 
lino. It is conoidorod dooirablo that trio =moo has long 
half Ufa °  a high (=orgy porcursorg  high f and a v/...rog coma° 
uniplit lino of natural lino rtidth. Thoso roquiromento axe 
roalisad by Incorporating tho Voclobaaor nuolot in a highly 
oymmotric (oubio and non-magnotio) lattico atop proforably 
a conducting material having a coal oloatronic oolf-aboorp-
tion coofficiont°  sith a high offootivo Dobyo tomporatare. 

Variety of hoot natricoo, mootly of matallio form°  
have boon triad and numbor of dotailod doscription° aro 
availablo in litorataro108) . Thom studios indioato that 
007  in Pt0  Pd and Cu aro the most saitablo camp. A furtbor 

15) comparioon rovoals that platinum 0  ditch io chomically 
inert and givoo large roan tomperotars =all= fraation°  
2 is not mill ouitod boom() of the largo photoolootrio and 



ooapton ocattoring duo to !to hi atomic Man 59  ao tho 
'attar till mako tho diffueion roquirwonte for ouch a oource 
ortroaoly otringont. On Oho othor hand copper matricoo, Milo 

having largo rocollfreo fraction at Voom tomporaturo and a lot 
atomic numbor, aro chomicall7 unotable, oince unprotootod 
oourcoo tond to roaot pith atacaphoric *mon and oulphidoo 
daft ray bo procont in tho aabiont onOroncent. A roaoonablo 
conpromioo bottom tho variouo charactoriotico o providod 
by palladium boot matrix°  dila in addition also givoo a 
=tiro= lino. UnfoStanatoly thin Fiat aloe ono dioadvantago • 
of having an .Z-ray of 21 ha falling noar the i4.4 koV Udoobataor 

a-ray level, mhich may incroapo non.r000nant back ground 
(in cam of oointillation dotoctor). 

7o on our part, procurod comnoroially cortifiod tog  (Cu) 
and Co (Pd) oourcoo oath  having initial activity of 11:0 
from Unbar Scionco end 2nginooring Corporation9  Pittsburg, 
Pa 102300  Pennsylvania and tho Radio Chemical Contro9  England°  
roopoctivoly. The firot to uood in otadioa of Totten aalto 
(Chaptor IV) and ahalcopyrito (Chaptor III) rbilo tho othor 
VaS uood in otudioo of alkali dithioforratoo(III) (Chaptor V). 

A passing romark nay bo nado that ouitablo pourcoo bavo boon 
found for only a limitod no. of radioiootopoo and ooveral nva 
tochniquoe uoin aacoioratoro and roactoro ha boon roportod 
im tho litorataro9  moot promising being tho coulomb oz itation 
and (n9  Y)motion°. tn th000 roc ction° produced °cum° 
thoro is a radiation damage thich =alto into a reduction of 
r000il fro() fraction. 

(A-ii)02211.0...380ME.116118 

A naoobauor onporicont can be performed either in a 

1_111111 



tranomisoion goozotry or oeattoring goonotry. Whilo no of 

tho invootigators have folloyod the former 0  very fovA )  havo 

opted the lattor. Tho ocattoring goomotry oupericonto have 

comp outstanding and opocial advantageo over the tranomlooLon 

goomotry but roquiro high °aura° otrongth (as the scattortag 

cross motion is l000 than aboorption °roes motion by a 

feotor of Tr) and caroful attontion to goomotry and ohiolding 

vhich make this techniquo loos attractive, hocover0  employed 

the tranomisoion goomotry throagheut oar invectigations. 

It may be pointed out that the abvorbor mounting matorialo 

peat be MWsobaaor isotope froo as otheraloo oven ta tre000 

it moq oomotimos complioato the chola a5bobaaor opootra100. 

(3) ELEKILEUEEIU 

Zainly than are too typo of driver), tho coohanical 

and the olootromehanical. The first estogory includeo 

107) 	109) rotating inclinod disol°0)0  oar 	0  lead sorear)0  pondulam 0 
110) 	all) 	112) lathe 	0  rotating oylindor 	ilakPag obi° or chain 

and oranh113)0  to provide a rolative velocity to tho (mum and 

10 aabsorber. Tho olootromoohanioaI dvo ris 1 mobs am of 
tranoduooro and opal= for providing this motion. In addition 
to th000 to distinct typoo0  there aro hydraulic drivel, and 
variablo froquoncy ultrasonic drivesno)  awful only in °pools' 
°woo. Boyover it may be pointed out that those have boon 

14 olassificd also 02 constant volooity10010110) and conotant 
aceoloration114)  drivoo. In principle°  any velocity function 
could be teed in the oporation of a opoctromoter0  but in theoo 
trio modoo the data analyois boom= much aimplifiod. 

In the constant velocity natio the sod= to moved 
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poriodicallq at fixodo  °pale  pooltivo and anative v01000100  
and tho tranomittod aarna be intonoity la rocordod in to 
difforont ooaloro ono for pooitivo and ono for nogativo 
reopootivoly. Thus on the oonotant volocity (aloo called ttn 
channol) modo tho data to accanulatod point by point in cote 
of porioda (dotorminod by the otatiotico) in optamatio toy 
about aoro volooity. In oloctronochanioal opootrocotoro the 
volooity function appropriate to thin Dodo is a oquaro taw 
function of tiao. On tho othor hand in the constant cccolora-
%ion made (also called caltiocalor or tine modo) tho oourco lo 
givon a periodically Mod, °vale  pooitivo and nocativo 
accoloration and a oultiohannol analysor lo uood to rocord the 
tranomitted gam Wm. Bach channol corrooponeo to nu oqual 
volooity intorval. Thug tho oyoton at eope ropoatediy through 
the rondo of volooitioo of intoroott  °tonna tho inotautanocao 
counting information in a largo no. of ohannolo. Tho velocity 
fanotica appropriate to thin nodo is a trian lar vavo Sanction 
of tiro. The rolativo =Vita and dororito of th000 tore 
aodoo have boon dlocacood by Minn109)  

The nochanical davoo aro the /lint uood in the 
Tidocbauer opoctroocosty and are dloomood In dotailol°3-12)  
Uo till confine our conmonto to th000 only ao it to the *natant 
velocity can driven drivo thigh conoorno In our invoctlgationo. 

In addition to the' moohanical drivoo boing: very oinplo 
otraisht forrAzd An oonotraotion than their coantorpart 
olootrocoohaniocl drivoo they aloe often are low ononolve 
and their c0000latod olootronico io aloe not mob complicatod. 
They have opecial ut z .nv i , n the osporimontal conditions 
roquiro tho novocont*= ,, objocto ouch co oryootato and 

4r,1/
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ovono and thus the problom of tomperataro control for sour= 

or ebsorbore io cassidorably owed. They can also be (=strutted 
to provido quito high abeauto accuracy in velooity& The 
absolute volocitios instead of rolativo velocitieo (eloctroneohap. 
nical 04=3) aro mossurod and the volootty calibration can 
bo achiovod to a high dogroo of aocuracy, Largo =solve and 
pocerful drives may to uaod to mum rossonably constant 
valsoltica at very lov vibration level 	hue mechanical drive 

is potontially a very acourato instrune 
Thoro are also certain disadvantagos pith thoso drivoo. 

Tho olimination of extraneous vibration° is a more difficult 
problon than that usually oncountored pith olectromechanical 
tranaducore, Tomporature dopendonco of the performance 
oharactoriotice of the oomponont czeohanical part° may soverely 
limit the long-time stability and reproducibility of of 

voter:30 It roquireo that 'no complete sic sobsuer opoctrao 
mast be built up point by point and honco long tom changes 
in the counting rate of the gamma-ray puloos duo to the line 

voltage fiuotuation©  detector and amplifier drifto etc, bocome 
sorioas. Although it is possible to coon rapidly through a 
range of volooitios by the moo of a constant cooslcrationean 
(Bourdon, Bousor and Unftorn Rof.109), but hero again the 
oloctronio cquipmento required to port and stare the data 
is very similar to that normally uood pith an olootromochanioal 
drive chile meohanical problons aro considerable. On the other 
hand the r000rding of the data point by point roquiroe a lot 
of time and man hours. The use of automatic devicoe to vary 
the velocity eoquontially and rocord the result° of large no. 



of counting pried° at oadh velocity to of coo= p000lblo 

(Flinn Rof.109 and lancuor and ninon Rof.1109  but tho prim° 

Importanco of aimplialty lo thoroby0  laxgoly loot. Doering nolo° 

and friction aro the oajor probolc ospocially in papoing 

through ooro volocity mhoro tho familiar otich clip problom 

ontoro cnd thoeo produco complicated volooity mow ehape 

Co rally diatortod oinusiodal motion mhich in of limitod 

utility. Mar and tear of tI mochanical parts ofton moo 

practical probloco. tiochanical drive° aro aooful only mhoro 

racoill000 fraction io ouffioientiy largo for drift° in tho 

connting ehannol to bo unimportant and for a fom hours to be 

oufficiont for tho plotting of a couploto volocity opoctrum. 

Thio to tbn racoon that tho uoo of cochanical drivoo io may 

confined to Po • 

tho folly inn oo doocribo triofly tho oaliont 

foatoroo of our oat up which roquirod careful attontion for 

oatiofactory oporation. A ochomatic notch of top plan of the 

drive io ohm in P ig.2,1. 

(1) 

Tho ohoico of drivo ootor in important and one 

onhibitting vary littl4 jitter in motion to nocossary. Thio 

dopondo an tho no. of clog :onto in Ito armaturo and tbno one 

pith largo no. of oosmanto io preforrablo. In addition the 

opeod of tho motor should be fairly conotant under varying 

load condition°. no are uoin a ocanDyncootoro 	 -AZ0  

oanufactarod by Gonorol Electric Commo  U.S.A. it oporatoo 

at 18 volts and 200 emp. anti hap 0000 rpa. A cabinet of load 

°emulator° coo omployod to supply a conotant input voltag0 
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of 12 Q. A potontionotric dovico ic inoorporatod for tho 

()oakum variation of tho volooity. Tho opeod of tho motor 

is roducod by fine toothed goarop vith a morn gear at tho 

first otago ohich brings dorm the rpm from G000 to GO. it to 

further reduced by four oota of opur goara in otopo of 1424Z. 

The naotor soar ataachod with the maim ohaft can be connected 

with any 'of the spur goon mith the help of control knob 

'K'. Oonoidorablo oaro to token in rOduoing the 3orko and 

vibratioaa ariaina from the gears. A opocial groom HMSO) 

vas found vita ouitablo for the purposo. A furthor reduction 

of the opood moo obtained pith the help of the clot of 

aluminum pulloyo. Tho moot critical part of the oottina op 

of the apparatuo is that of coupling the Boar bon to can drive 

ohaft to tranomit minimum vibration from the motor to the 

°moo. Elaotic '0' ring bolt lo uood for thin coupling. 

it may be addod hero that the '0' ring bolt should not be 

either very tight or vory loom ea in the firot caoo it moo 

obatruct the uniform notion mhilo in the latter case it may 

olipo  mbioh in turn moo vary the velocity (docromo °lightly) 

mhon the motor or can oyoton morko agoinot it. Therefore 

the toncion of the '0' ring bolt obeuld bo l0000 enough to 

roaovo the maximum vibrationa without being co loon to 

affect linear velocity of the oouroo. 'hto ad3uotnont moo 

carried out by eliding the table mounted vith motor and gear 

box. To Author more the cut in the trananioolon of ootor and 

gear box vibration° to the cam driving °haft*  the too 

amomblios mom mounted on ooparoto %blimp aloe the taloa 

moro heavily loaded vith lead brick° and more rooted on Ada 

of obook aboorbor cushiono to inoulato from the floor 



vibration°. 

(2) ForsTAgevEriocri,y CAF  

Thin io the noat uncial and aloo tho mot difficult 

part of tho drivo. The °hap of C;:!onotant volooity can ohould 

oboy the ourvo r 000. Cutting of the mofilo with an 

accuracy bettor than 104  on/dogroo was onporioneod to bo 

quite difficult. A con cutting jig woo dosigned ao ouggeoted 
107) 

by Qieobauor 	0  and its plan io ohown in Pig4.2. rho 
diccotor of the rolloro io ch000n according to the total lift 

roquirod (oircunfovonce of the roller to tile° the lift 

of the con). tan °trona opringo arcs wood to raze the tonal.= 
proctor than the grinding foroo to avoid clipping wail° 

cutting. Prochapod ccn of ebonite (an thin notarial roquiroo 

looser grinding fore()) in tightonod on one roller and the 

handlo in rotated °lowly. Thug co the Can goon forward the 

grirdor auto the can accordina to dooirod ohapo. It coy bo 

roporhed that thin =chino d000 not noc000itato the oonotant 

spood of the bondlo. Having out half the cam it io invortod 

and the rambling half portion ma grounded °innerly. The 

profile to finally dra000d with a 300 nosh °nary popor in 

order to make it ouporonooth. In order to avoid the !notate,. 

moue lorho at the two inflection pointo of the profile thono 

taro groundod onooth. One of thou° two pooitiono wan utilisod 

An counting the no. of revolution required to calculate the 

volocity of the ern (dotailo of this will be given in the 

aootion.on calibration). 

Tho ohoching of the profile in done by muting the 

can on a shaft and noting the lift per dogroe with a proclaim 

dial.gango (locat count 0.00P on). After a no. of attoopto 

o oaccoodad in obtaining a profile of acouraoy bettor than 
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.3 
10 cm/degree. 

(3) OAU AND POLLOOER MUDFENT eq- 

The cam is mounted on a shaft supported by trio self 

aligning double row ball bearings housed in two vertical 

walla. The follower'  which is perpendicular to the shaft moves 

smoothly in atarefully machined perspex cleave. Clue end 
of the followor is fixed with a Teflon bearing and is kopt 

in contact with the cam by means of typewriter springs and 

on the other the oouroo holder ie mounted. The guide G 

wan attached to oliminato any possibility of rotational 

motion of the follomr. Par a smooth running of the assembly 

and to avoid roar and tear with Imo  the whole cyst= vas 
lubricated with 3 in 1 oil. 

(4) mem MIT  

During one complete revolution of the cam, the follorer 

mom to and fro at constant speed (giving both positive 
and negative volooities) oxcopt at the two extremities. The 

tranomitted gams-bears intensity in th000 two halve° of the 

cars, crag accumulated in two different Dealers. CIrcury 

switches rare employed to select the proper scalers for 

poeitive and negative counts. The storing of pulses by these 

scalers when the can is in the two extrimities giving either 

acceleration or deceleration'  was excluded. Three prop= 

diem with platinum wires fixed in a manner that one end 

of it is slightly outside the dive's eurface and the other in 

contact with the shaft, are mounted on the latter. Those 

discs dip in the throe mercury cups in rotation in one 
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rovolution of tho cam. at of the throo connootiono thich 

aro tahon from tho =Mary cup, two ocmnoot 'on-of20  oultohop to 

tvo °calor° and ticoroo  (=nod negative and poitivo aoalorm 

and timoro) coupling ono ocalor and ono timor at a tiro  and 

tho third, ono coo to that arid of tho poror anyliflor. into 

poror amplifior in turn drivos tho rovolutima rocordort  

Pia.2.0. Tho cocnon terminal connocted to ohaft lo aroundod. 

Tho diotancoo travorood by tho folio= (Wins thaw aatod 

parts of thaw) noaativo and witty° motion have boon 

dotorminod '4th the holy of a dial sou o. 

Ara olroody otatod co boy° uood 0o op a Combauor 

tootopo rhich hon a natural lino width9  r of the order of 
0.1 Op/000. Theo to maho tho inotrucontal brow:toning 
no8liaibloo  any volooity ripplo (vibration) coot bo hopt to 

awry omall fraotion of P • Uochanical vibration° roro 

oliminatod ()top by atop in or 	of tho drivo. Tho final 

chock up io dono at the followor °taco in the following 

moor. 

The own° holder to detached from the folloror 

nd and a cylindrical °oft troy core is mountod on it rlich 

moo in the oolonoid bavin primary and oocondar7 winding 
(working ao difforontial transformor). The primary io 

onorgiood by 10 kola oinnooldal frequency from an audio-

cooillator. The induced voltago groduood in the Pocondary 

clue to the motion of the core io fed to the (!T)a  plata) 

of the double bow cathode ray omilloacoyo. An artificial 
palm is aloe applied to the (WI)  platoo thvough 

the mercury =Itch rhich dotorminoo the gatod portion of 



FROM THE MERCURY 
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FIG2.3. CIRCUIT DIAGRAM FOR THE REVOLUTION COUNTER , 

FIG.2.4. OSCILLOSCOPIC TRACE OF THE PATH OF THE FOLLOWER 
(a)VIBRATIONS COUPLED (b) VIBRATION FREE AFTER 
REPLACING METAL - METAL CONTACT TO METAL - FIBRE 
CONTACT. 



tho oft durin5 rlich poloo counting Le operative. Tho 

ohopo of tho woilloocopo traco 10 displayed in Yig.2.4(a). 

Roving oboorvod all, noc000ay prommtiono ouch co aliGnmonto  

chongo of motol-catal oontaot to matol-fibro cannot; 

7ig*204(b) shoto the final traco. This oorroopondo to tho 

vibration trot, motion eithin tho (gleamy of the method. 

Hot ovor to did not Gat co narrow lino in tho 

opootrun of Pe %ou) vs Po metal no prodictod by thoory. 

Thio happoned at valooltioo moro than 2.0 cmhoo and thuo the 

outorllince taro sow that moro broadened* This could to 

4mo to the lack of abooluto conotant motion*  poor volocity 

r000lation and or stability of oloctranio oirouitry. Tho 

opeolfication of cur velocity drivo are oumnariso4 in 

Table P.I 

loatIo#,  oa the 	hmical drive 
0 

(i) tiodo of tunina 

(ii) Volooity Uaita 

(iii) Velocity accuracy 

(iv) Length of the °trete 
(Lift) 

('v) The ratio of the spur 	it2.0 
tee' 

(vi) Ratio of-the 110yo 

(vtinnput vnl.ta for 
actor r-53-All. G 0o. 

trith initial rpm 
attar morn gear opal to 
atty. 

(0) Ea rfA49212...Eria,..!.."e 

1 O! 
 

ill and 110 

IP volto D*04 at 2*0 amp. 

liner ooa tart volocity 

Visrinblo in the rari30 
42.0 r /ooc. to teas anhoe. 

Oonotant within 0.00 m oec. 

Variablo from 0 to 4.0 amboo. 

To data tho Odoobcnor afoot hoo not boon oWorved for 



0roy onorgioo Bator than 100 koV and thus tho dotootion 

of ouch onoraioo cameo under tho louronoray dotoctloca 

tochniquoo. In practically all tho cocoa, tho roquirocont • 

foranoray diocrimination. to diotinouiah tho Uosobouor radiation 

from- woomploa tar ma opootrume  oauplo4 with nood for maul= 

available officionoyo'dictatoo tho =taro of tho dotoctor. 

Throo typed of °canton pro avallablo for thio purp000 

(i) DaI (el) aclontillation countor 

(ii) Proportional counter° 	9  and 

(1i1) Go(Li) oolid otato countoro 

havo vorhod rlith Oo6 (0u) and C o
6  (Pd) °our= 

and for thou° tho 	ccintillrtion lo oatizfactory. 

Ao tho (moray of tho radiation incromoes, proportionatoly thick 

cryotalo aro mod. Tho appropriato thicknom lo ch000n ouch 

that tho crystal 0000ntially aboorbo moot of tho tOisobauor 

rotiationo  but it maim) thin and honco inefficiont for tho 

hiahor energy radiationo  o.a.0  a thick cryotal in car coo° 

ill doaraao tho 137 and 1P3 koV Y.:map to loco? onorgioo 
throuah coaptsin affect oo each co that a part of it hill 

bo accepted by the Mao Roiaht Analysor (PHA) window 

present for 14.4 koV I -ray (amolo7 at al. not 100). 
Parthormore, tho aosocistod X-rogo of 6.8 toV will not bo 

reoolvod and aloe ansaitablo for 14.4 koV Yftrey Oar to Ito 
calf absorption. Theo° conoidorationo load ono to work ulth 

a 1 o or 2 mm thick riaI(T1) crystals. An onoray r000lution 
for 14.4 koV of tho ordor of 4640/ uto attainod chich lo 

comarablo to thoso reported In tho litoraturot In addition 

to a Vann foil at the taco of the cryotal o have mood 



a 0.401 thigh algal ao a vindoa in tho collimation of tho 

dotootor which will furthor oupproo tho 6.5 koV X.ro'o and 

all holp to incroaeo tho oignal to noioo ratio. 

A block diagram of the circuitry wood io sphown in 

124.2013. Tho 1 om tlaI(T1) oryotal woo mountod on a ACA 6542 

photomultiplior and tho high voltage stablioe4 power °apply 

(Typo U65 Atomic nor Botabliohoont Trombayp India) was 

wood. Tho circuit diagram for photooultigior hood io givon 

in 74/.2.0. Tho photomaltiplior io couplod to a linoar 

amplifior and a einglo Puloo hoight analyzor (aedol 000 39  

Ifldorado Electronic°, Borkoloyp California) through a whit° 

oathodo follovorp 24407. Tho diooriminator ootting of tho PHA 

am adluotod ao that tho photopoeh corroopondonoo to 14.4 hod' 

to ooloctod. Tho output of tho anolysor io connected 

oimultanoouoly to two Dorado Sod= (D8 $259  I3lootronio 

Corporation of India0  Hyderabad) doh etoro ooparatoly tho 

pulaoo for tho nogativo and potation volooitloe. To swore 

11  
coal= aro tweed in tho timo Dodo fo =During tho timo 

for nogativo and positive velocities and aoro connected to 

oach of the counting ocalore. A fixod the/woo cryotal 

controlled oscillator we ucod for timing. 

Par oomplotonooet  the petting° of the amplifior and 

PHA 

 

ate, are9  H.T. 4 9 V gain m 1000$  channel aidth 0 0 VI  

and threshold 0 12.5 Volts. Input voltage otobliOod within 

1 Volt =wed for the electronic apoombly. 

2.5 Q,  t 

 oouroo con be aountod in a poropaa holdor which 

an ocoily to oorovod with the tellowor of the volooity drivo. 
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1000 PF (600VDC) 1.47 mn. 
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0.0 DYNODES 11-1-- 

0.01 -" 
F 

0-01 
F 

/.-- -- 
0 01 I 
/A F 

0.00 
F 

+B 
	0 

100 K11 

100 K lt. 

100 K11- 

100 K 

100 K 

T  

5 	 AMY-- 	100 K 

10.0 K .11.- 

100 K -0-- 
- ----npmev 	 100 K fl. w....................._ 

--WAN.-- 	150 K _0.... 

-13 

14 

9 -- 

8 -- 

7 

3 

2 -- 

FIG. 2 6 THE CIRCUIT DIAGRAM FOR PHOTO MULTIPLIER(RCA 6342) 
HEAD 
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FIG.2.7. WHITE CATHODE FOLLOWER . 



Oollimation.of the Y -ray beam is done by placing lead 

bricho with a l/d hole along the line joining the °entree 

of Douce and abeorber. Thio is ooneidered opeential to 

eliminate tho (mattered inteneity from entering the detector. 

The mace and detector dietance varied during the oouroo 

of experimente es dictated by the temperature arranacment. 

At room temperature it woo approximately 5 tiith the abeorber 

platted in the middle° 

t ham become conventional in the asobaner expo icente 

to define peeltive velocity no the motion of the aboorber 

tot' do the eource0  or Doane towerde the aboorber. The 

poeitive and negative volocitioe of the cam at any given 

D•0. voltage to motor and with certain gear ratio in ouloulatod 

by the no. ,of revolutiono recorded by the revolution counter°  

the effective lift of the eon follower°  predetermined by the 

dial-mango (limited by the mercury level clotting()) and the 

time recorded by the timer in Moe revolutione4 If 4 ie the 

lift rlen the aoureiii movve towarde the abeorber0  a the number 

f revolution and T the time talton, than the positive velocity 

Although absolute notouromente of ongth and time 

are posoiblo in ouch coOhanical drives it Train conoldered 

imperative to take fey otandard ()ample spectra to calibrate 

the drive. The Mosobauer opootra with Co"  (0u) ammo were 

taken of natural 310 Stadia= °tool aboorber of thichneee 0.001 

(melted by Mel. Sot, Rnmi Oorp.)0  geo(0)0.33200  

Me:401000  PeSO4,7200  ead (17114) 1%)(30.5) .on 20 and iron metal. 
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FIG. 2.8 ISOMER SHIFT. THE EFFECT OF ELECTRIC MONOPOLE 
INTERACTION IS TO SHIFT NUCLEAR LEVELS WITHOUT 
LIFTING THE SPIN DEGENERACY. 
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FIG.2.9. MOSSBAUER ABSORPTION SPECTRUM OF Fr IN METALLIC 

IRON SHOWING THE MAGNETIC HYPERFINE STRUCTURE. 



To indiooto the quality of tho opectra9  wo givo Imo of them 

in Vig.2.0 and 2.0. 0113.2.8 ohms an unoplit oinglo lino 

0Ooobauor4Dpootrum of tho otainl000 otool aboorbor. Tho 
lino tldth (PURn) D  0 0.40 cohoo and I.S. 0 0.34 cnboo 

Co" in Cu) agroo mith th000 roportod in litoraturo3)  

yithin the oxporimontel acouraoy. Tho line vidth which io 
noro than tae tineo than tho natural lino midth of 0.2 am/boo. 
prodiotod thoorotionlly

0) 
 in bocause of the mnr000lvod 

magnotio hyporfino intor-otion. Pig.2,0 ohowo tho Seeman 

split out fingorod pattoron for a iron motal foil (aloo 

obtainod from Maim, Soi,Engg. Corp.). Tho lino width of tho 

intornal two linoo to 0.3 amboo. but tho othor linos got 

brosdonod duo to tho instrumontal vibrations. Tho IntonOity 

rotioo of them linos aro appronimstoly 3:2:1 and tho 

/A. 0 0.02 0.02 moboo.0  Q.S. 0 0.00 2 0.0 mmboo and 

intornal nte tic flold (H) 0 .330 0k000  uhich aro in good 

agroomont mith th000 roportod in tho litoraturo93). It has 

only r000ntly boon pointod cut11Y) that Fogy  onriohod iron 

foils ofton haw rodtcod oplittingp and osymnotrical broadonod 

linoo and thio Lo onplainol duo to tho prosonco of slight 

arbon impurities. 

tiatimaiimum 
To °tatty tho temporature depond o of tho aiisobaaor 

tom the lore and high tomporaturo arrongomonts mar° 

noodod. A good roviem of tho cryogenic arrangonontso  dotailo 

of thoir doaign and conotruction and tho oirouit for thoir 

control con bo found in tho litoraturol4p31418). do yorhod 

in our lab only at find tomporatureo gip. froosing mixturo 

411 .20000  oolid carbon dionido-acotono 0 40°0 and liquid.  

oar..190QC. per this a vory aioplo orycstatp mac uood and 
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relevant details of assembly and arrangement an indicated 

in the Yig.2.12. The absorber in the fine powdered form 

were pressed /41illio thin mica sheets and was sandwiched 

in the strip and the absorber holder. The temperatures of 

interest were obtained by trial and got stabilised for 

about 10 hours with manual operation of the wariac. The 

temperature monitoring was done by a calibrated thermocouple. 
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FIG. 2.11 HIGH TEMPERATURE ARRANGEMENTS 
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coSSBAMR EPPB02 STUDIES OP diAt on= 

3.1 ROM.D.11_02105 

Ohaloopyri op CuPo3p(oloo knotn ao coppor pyrito)t  la a 
diatinot naturally occurring copper ninoral, in the f40 y of 

) 00-Pe.8 systonin • It io a oopioonductor no) with 
struoturo and WIG been a outjoot of intonoo study roaardina 
its olectric and manotio proportlos121. 22) Matron 
Diffraction otudloo123)  shored it to to antiforromaanotio at 
boast at room tonporaturop vith,Axag value°, oval to 3.801/"B 
for Po and 0.2/A for Oup and tho Ibol tonporaturo of 55000. 
Thie confirm to tho oboorvationpi,24) that thoro io a tranoition 
at about 50000 beim dish tho oryotal otruoturo to on 
ordered arrangonont of Cu and Po and above which the otraoturo 
is that of oalotun fluorido. Auotin at al.120)  oboorvod the 
Ingrarod absorption and the Hall offoot of natural oryotal 
of chaloopyrito and obtained 0.5 oV ao the onorgy cap and 
30 eme/volto eec ao the nobility of positivo bolos. 

ei) Vintovhorgarl also eado the Hall noweromente and dotern ed 
the plan of the oarrioro as negativo. Ho oboorvod that tho 
oonduotivity deoroaoos uhon copper lo partially roplaood by 
oilvor but /urea= if ooppor 19 replaced by iron or viola 
voroa, These mete agree ulth that of Toranioh1122)  yho 
nod° observation() of Hall effect of natural oinalo crystal and 

otie 00044  over a. tooporature rango ortondina frog 

° Chao 	ito Oontaino ipso oulphue than Ia indicated by the 00082  formula, It coppooitlen lo onwoosed r0 CoPeSp"n• 
It 114 yet not knots rtothor Ole fornalation has otruetural 
validity, 
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iao°a down to liquid nitrogon. Toraniahi hoe illuotratod 

tho tomporaturo dopondonoo of Hall coofficlonto and nuabor 

of charao oarrioro and inforrod tho °Ian of Hall cooftiolont 

to bo noaativo. Moreovor ao carried out tho room tomporaturo 

moaouromonto of thornoolootric pot = of tho natural oloalo 

oryotal wr.r.to ooppor and obtainod a laroo value of .4,80/tiv/A0G. 

Th000 thormoolootrio porter moosuromonto oemoot122)  that Po 

atom lo principally covalontly bondod with oulphur atom in 

the totrahodral (op ) hybrid orbital() otruoturo. The moanotio 

torquot  powder su000ptiblli and Choir tomporaturo dopondonoo 

of a natural of to oryotal also augaoot1P2)  that chalcopyrito 

10 a typioal antlforronaanot with Tu * 880°0. 

In addition thormal otability of ohaloopyrito hoo boon 

tudiod and the docompooition tonporaturoo ao m000tod by 

vaolous wortoro1210120  ranee from POO to GO t EPO, tlhilo 
Avid and Sallorud119)  alvo tha docompoottion tomporaturo en 

OdY Ott  Vintonboraer awe thio limit co P0000 only. 
18) Preoh 	prodiotod thio tomporaturo limit to bo bolter 300°0 

which is tho temporaloiro Unit for intrinoio oonduotion. 

Thor° haw boon a contualon in litoraturo about the X-ray 

structuro and the ohargo otatoo of tho coppor and iron atono 

no varied rooulto bavo boon obtained in attompto to dotormino 

tho valonoo °tau, of those atom. Road120)  of al. titratod a 

oolutton of tho amoral with potasolum porno aganatot  and 

oonoldorod that iron 10 pr000nt in the forrouot  not torrid, 

otatoo  and they ougaoatod that ohaloopyrito to mar000ttot  

with part of the iron roplaood by copper, This woo in 

agroonont to the oarlior worlco uotna oryoSeopto and electrolytic 

method° which doolanato4 both notalo ao divalont. tlonouroaonto 



431.. 

of X-roy aboorption odaocil27) maggot:It that coppor io proaont 

in too valonco otato co that r000nanoo botvoon OePo3/' and 

Ca244Po24" cay bo pr000nt. From tho conoidorationo of lattico 

conotanta and ionic/ radii of cationo, Paul. in& and Brookrny P8) 

infor that tho atomo havo fixed valencloo but fluctuate 

botvon CurPolith and CanYonS29  the iron atom roaonatina 

bottlon PoII/ and Poll statues Ilmovoro  the noatron diffraction 

otudieo indicate that iron atom is in the PoXII etato. 

Toraniohi
12) 
 hao pointed out that by making detailed atudiea 

of electric and maanotio proportioo one cannot obtain the 

aocurato knoolody of tho valonco otato of the tranottion 

motalo but huo ouarotod a op3  hybrid orbitalo otruoturo 

and d otato for iron atom. 

To roe olvo thio controveroy over the char atato of 

Irony the Moosbauor ()awl; otudklo taro con ids 	vorthvhilo 

boom= of the follomina conoidorationo. Ao the minoral hen 

the deoirablo foaturco of boina comioonductor and antiforrom13- 

notleo  th000 render f000lblo. tho detection of the to charge 

atotoo Pent and Yon  through the maGnotio intoraction. 

Purthormoroo  the value of itoomoric ohift and the tompor taro 

dependence of uadrupolo oplittinat  andor opocial cocoa cm 

also indicate the chary otato of an ion. In addition it to 

doolrable to aocoat for the maanitudo of the'internal maanotio 

field at the Po auction°. 

Uany vorkoro129.39)  have invent atod tho Uos bluer 

of€ect etudioo of this minoral. Tho available data for the 

hyporfino interaction parometoro of oomo of th000 memo 

to compiled ia 2ablo 3.2 for the moo of comparioon and all 

in) bo diecueood in the tort latter on c/o have otadiod 	thin 
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mineral in the temperature range 3000  - 448°K. The spectra 

showed a typical pattern of six absorption lines due to the 

internal magnetic field at all these temperatures. The 

quadrupole splitting values are negligibly small and are 

temperature independent whereas the magnitudes of the internal 

magnetic field are 325 t 10, 312 t 10 and 290 ± 10 k0e at 

300°, 373°  and 448°K respectively, These features are explained 

by assuming that Fe atom is in a spin free, trivalent state 

in weak crystal field configuration. The interanal field 

is accounted to originate primarily through the Fermi contact 

interaction, Ho . In the following pages we have given the 

detailed version of these observations and results. In the 
130) 

end is presented a critique 	of the paper of Aramu at al. 

TABLE 3.1: gssahuER STUDIES OF CHALCOPYRITE BY OTHER 
INVESTIGATORS. 

I 

Temperaturersomeric shift Quadrupole 	Internal mag 
Investigator 	oK 	w.r.to Fe) 	coupling cons- netid field 

immisec-. 	tart C(mm/sec, H (k0e)  

Aramu et al. Room 	0.32 1  0.03 	0,60 
± 0.03 g:g (Ref,130) 	77 

E. Frank 	295 	0.26 ± 0.01 	0.0 t 0.01 352 t 3 
(Ref.134). 	78 	0.28 ± 0.02 	0.0 t 0.02 370 t 5 

Greenwood and 295 
	

0.233 	-0.02 	356 
Whitfield 
	

0.373 	-0.03 	•368 
(Ref.135) 	77 

Piekoszewsk 	Room 	 356 t 5 
at al. 
(Ref,136) 

Goodman and 	Room 	0.0 	 246 
Cabri 	tempera- 
(Ref,137) 	tare 

3.2 STRUCTURE 

(A) X-RAY AND CHEMICAL  

Many compounds, which have the same crystal structure 



ea obalcopyrito oro Unonn140) 	Them liavo the gonorol 

fornulao  ABX2 dor() A ropr000nto oonovalont ion Age' or Cu+  
14 	 . and B lo a trivalont ion Al Q  Oa a  In

Si 
 or 21 and X lo 82"Po  

Sot" or in owe corm To246. Although having apporontly the 

Dom otruoturo0  CuPo52 is a poomliar coobor of this oorios to 

tho sonso that both A and B are tronoition oloconts ditch cko 

Ito propartioo diatinct and intorooting. 

Chalcopyrite is found in tvo Awes a a p. Tho p 

ph0000  also called the oublo obaloopyritoo  rollers to a f.c.o. 

high tooporatara polymorph of chaloopyritos Wo aro ooncornad 

he ro with the tetragonal a-phoso and mill disc= only thin. 

Thoro aro to, otrnotero doterninations of this nineralt 
1 S) that of Burnell and Elliol41)  end that of Pealing and Brockmy 

(henceforth abbroviated co PB). Thom too otruoturo doter na. 

tiono differ(' frog atoll other in atomic pooitiono of copper 

end iron atoms°, nagnitudo of the ono° and the nuobor of 

ooloculeo per unit collo  Vig.B.1(a) and (b). 

Pealing and Brochcay128).uoing no radiation otudiod 

a crystal from Joplino  nisi:mm*10  by Rio and Oscillation' 

toohniquoo and by otudying Lana diagrams abomd that tho o anis 

clongth had to be doubled. '2bay obtained the folic:Kam coil 

oonotanto. 

a 0 b 0 60248 	and c 0 10 A 

12 	" and derived the apace group Bed . 14 2d. 

Thor° ore 4 noloculoo por unit cell. The atomic pooitiono 

aro 

(00000! 1/201/201/2) .:. 

40o at(Ot (0p0,01 1/29 0 01/4) 

Quo ot(b)t (00000! 1/20  0 05/4) 
	

and 



(a) ACCORDING TO PAULING AND BROCKWAY ( REF. 128) 
(b) ACCORDING TO BURDICK AND ELLIS 	( REF 141) 

S 	SS 	S Cu 	Fit  \ / \ / \ / e 
Fe Cu 	 S 
/ \ / \ / \ 
SSSSF e 	Cu 

(C) 

POINT SYMMETRY OF Fe 1  C j  & 5 ATOMS 

FIG.3•l X—RAY STRUCTURE OF CHALCOPYRITE 



as at MI (01 0141A1 n03/40/01 3/4174/064 9 7/0) 

tith, 0 0.24 0.01 

Motallic atom era oar .0.,dodt  co in anS by totrahodra of 

°alpha atom uhilo ouch oalphor has a totrahodroa of notallim 

atom, trio of.rich aro coppor and too irons  Pi 3.1(00 Thn 

oianificant intoratomic diotancoo arc 

Po . S 0 2020 t 0432 

Cu S a 2.82 0.011 

S 0 8.816 2 0.032 

Such ooparatlonn are compatiblo yith oithor ionic or 

noatral soovolontg bond° for CaPeOpo if tho bondina lo connidorod 

lonico  this oryotal appoaro co p oliahtly diotoedoe pubic cl000 

pa loss of larao 82°  iono With notal Sono in tho intoroti000. 

In 1944 Boon142)  ro-ozoninod tho °tractor° of  

chhloopyrito opina Co M radiation in or4or to inoronno tho 

offootivo difforoncoa in tho ocattorina povoro of coppor and 

iron;  thoroby onhanoina tho intonnitio° of th000 ?enaction° 

to abloh ooppor and iron atom contribato With oppoatto phonon. 

Bo oonfirma tho 7B atrocity° and aim that iron Lo principally 

covalontly,bondod. 110=04.X-ray data of Obaloopyrito in 
12 	- roport04 by Barry and,Thompoca148)   pith opaco group Dm Sad. 

a a 0.20020  a a 10.4040  a a 4 and alth atomic pooitionn 

for 

4 Ca is (a) (MO) 

4 Po in (b) (0004/2) 

3,  S in (4) (=01/60  1/0) 

vita n OA 



(i3) UlaatajtEgnal 

Daluxay.ot al.123)  in 19000  undortook tho rzoaron 
diffraction otudioa of natoral ohalooporito and ootabliohod 
that mognotic °pm scup to 1424 and confirrnd tho 2D 
otruotaro. Th000 otudioo indicato that tho atruotaro oonotisto 
of on arrangocont in ohloh tho too iron atomo oonnootod to a 
common oulphur atop havo oppooitoly directed mom onto, Pi .3.2. 
Tho ovidonco provided by tho magnotio structuro of OuPo3p 
otroagly ouggootoo that thio interaction U antiforromagnotio. 
A vela° of 3.00A,  io found for the iron moment and 0 g 040 
for copper moment. Th000 values lad to the aocumption that 

copper lo monovalont and that iron io trivalont and aro cono10. 
tont oith a oinplo covalent model in rhiehooch atom in tho 
ottawZuro in bonded to Ito =root noleabooro by nowt of four 
pP hybrid orbitalo. Thio Ougg00t0 a valoo of mognotio moment 

for Po as 3.0/)). Thoy ozplainod thin disoropancy0  qualitatively0  

by pootulating a forthor participation of tho 3d oloetrono of 
iron into covalent bonding. Tido mold be onpaoted to doeroaco 
the iron cement and at the earn tip to otronjthon the iron 
sulphur bond°, Thio idea lo ooportod by the fact that the 
sulphur atom are displaced from the centre of the motal 
totrahedva tovardo tho iron atom pair° a Parthormoroo  the neutron 
diffrpotion data rClod out the possible wriotonco of 0000nd 
chalcopyrito modification in nature; ouggootod by oonflioting 
rooulto on matorials of Japansoo origin°  as opoolcano from both 
Vgoo  Sapan end Joplin, Mic000ri are foul to have the =co 
°tractor°. 

3*5  adValia 
Tho °pock' tiro mood vao a natural 	car *halo° rito 
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FIG.3.2 RELATIONSHIP OF IRON MOMENTS TO SYMMETRY ELEMENTS 
OF SPACE GROUP 142d MOMENTS INDICATED SCHEMATICALLY 
AS CURRENT LOOPS,ARE LOCATED AT THE INVERSION POINTS 
OF 4 AXES AND ARE DIRECTED ALONG THE C AXIS.Z COOR-
DINATES GIVE THE FRACTIONAL DISTANCES OF ATOMS ABOVE 
THE PLANE OF PROJECTION ( AFTER DONNAY et a(. REF 123) 
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oryotal , oolocted for ito purity by Oro nicroccope oxamtnation. 

The otructuro vas examinod by X-ray diffraction°°  and talliod 

cith PD otracturo. Thin °natal nap pocdorod to SOO =oh and 

oandolched baton tce thin AI foil° (0.01 no thick) tho 

lattor jachotod into too thick copper ring° ditch can novo 

into a ninatur0 ciao fun= and ocm bp fined in ito cilantro, 

The di..ta nor° rocordo4 at the throe tomporaturoe 3000  373 

and 440X. The typical spectra co obtained are ahem in 

Pi If 3. 

364 SM.Sra 

I the pr000nco of electric and magnetic intorootiono0  

ea diccusood in detail in chapter I, the clonod form aolutiene 

of the Hamiltonian ore only p000fblo to apootal moos. In 

pOpt foci yon, conputor prograro00) halm been made to combat 

with moro gonoral cocoa otth the help of chich the data io 

fitted in an itorativo manner to have coneistont valuate of 

all the anknoca p 
	

tore. But thin proceduro takes mach 

of the compatatiol 	and requiroo fast oonputero. Rom 

ne havo nado nos of the aymnotry and soma approainatione to 

evaluate the man= hyperfine paramotora with oaoo and 

sinpliotty. 10 knot; that iron hoc a =tailor tot 	dial 

point symmetry and for a regular tetrahedral dloposition of 

ligando the quaarupolo coupling conotant e and the aoymootry 

paramoterlboth must vanio02). On the other hand0  in %gala°  

co coo that oomparod with a spectrum phoning pure magnetic 	AM 

intoraotion0  the four inner linos are olicOtly ohiftod to the 

right and the too outor limn aro ohiftod to the loft co that 

O The author to indebted to Dr. Ka. Singh of Ooology and 
Ooophyoloo Department providing a paro oryotel and for 
lawful diamoolono. 

00 The  author =tondo him oincero than! to Ur. A. Ohattorjoo 
of 0.D.R.I.0  noorhao (Indio) for the X. ray analyst°. 
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FIG. 3.3 HYPERFINE SPECTRA OF NATURALLY OCCURING 
CHALCOPYRITE 
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the °patina of the autor lino to the right and loft aro 

no lonor equal and ohm a proaonao of oraaa1l quadrupolo 

interaction. MI° small aoymetrical dioplocomont of the 

Inter lines is duo to the dlatortion cenood by the cognotto 

awe= and lo alscussod in a lattor °action. 

Dow if co ammo that the diotortion °mood, by the 

noanetio otructuro reopowiblo for the quadrupolo Interaction 

is otill o .w.trical 14.0  the asymotry paracetor La 

aoro (even if it is not the cam; co hnot7 that the inclusion 

of the coymetry parametor gill only change the value of 

fLold aradiento  maximum by a factor of 1.14°  and in vioa of the 

very ;moll interaction it trill not incur an appreciable error in 

our =alto). Suppoeina 0 to the onglo batmen the Intornal 

oaanotic flold and the oyncetry auto o be WO toneoro  the 

quadrupole interaction onore/ can be cottons  conoidortna the 

quadrupolo coupling ao perturbation. 

C (.4)  1E321 	 Asoe0641  

pith uouol notation. 'or a poottive Pia  e to poaitivo 

for m m 2 3/2 and negative for tax m 1/21 ahich implies that 
the oublovela pith Et = t 3/2 vial he raised by amount 4 tittle 

those pith az  1/2 yin be locarod pith the oace moat. In 

our c000 vido the °athematic Warm°  3ta.S.4 the otiVulatim 

that the oublovolo crith az :1". 8/2 are locered by an =mat C 

and %moo pith or m t 1/2 are ralood by the Dame amount mote 

it conform with the obeorvod opoctra. This impltoo a 

negative 3320. 

In 2ig.3.4 wo have ohoun the oplitttna of the onottod 

The aoymotry paracator to dofinod in ouch a my that 1 can 
have valuoo-.1.( 71 41. loo 1/ ef42cto the value of quadrupolo 
cooplina by fvotor 	11101/r (ehaptor I) rich has the 
om. voluo of 10.0 for Ili° 1. 
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MAGNETIC DIPOLE + 
ELECTRIC QUADRUPOLE 
INTERACTION 

NO FIELD 

(b) 

( 	 
MAGNETIC DIPOLE 
INTERACTION 

SPECTRUM 

FIG. 3.4 (a) SCHEMATIC SPLITTING OF F 7  LEVELS OF EXCITED & 
GROUND STATE UNDER THE COMBINED INTERACTION 
OF MAGNETIC DIPOLE & ELECTRIC QUADRUPOLE. 

(b) THE SIX FINGERED SPECTRUM TO A FIRST APPROXIMATION 



ompora 

(°1) 

loo o k4 
coo) 

Quadrupoio 
oplitt 

into 
ioid 

a 

i.o. C tho quodrupolo intoraction mum givon by rwq. 3.1 

10 ono quartor tho difforonco in splitting of tho cator 

pairs of tho via linoo opootra.4% 0  ao oho In in tho Pig.8.40  

lo tho difforonce 	nn  of tho linoo 2 and 4 or S and 84 

01milarly 4s, is tho difforosco of En  of lino 2 and 8 or • 

4 and 04  20 dotorsine tho valuo of th0 intornal of do 

fiola ono roquiroo tho valuo of 'ha cagnotio =onto of 

ground or united otato. Altornativoly tho moosorod volno 

of 40 for tho opocimon moq bo corrolatod pith tho corroopond- 

ing,n, for Po thich has boon Soto 	d fro proviso 

nOnour000nto rolatod to Hint a 330 hOo. Co adoptod tho 

mond procoduro oo our opoctronotor nao calibratod by using 

natural iron co a otardard aboorbor in conjunction faith tho 

data of Proton of a1.93)• Tho valuoo of 80  e and the latoraal 

sagootio field oo obtainod taro givon in Tablo 3.2, 

TADL3 3.2s 

 

in Cu oatrju 

300 .0.03 2 0.02 0.00 2 002 3p0 •st 10 

373 .0.03 2 0.00 0.00 2 0.08 812 6  10 

440 .0.04 t 0,00 0.04 0.02 ego t lo 

3.a D sauss 

Tho valuoo of I.8. conourod with ro poot to ©o07  iaa Om 

oro of tho ardor of 0,03 rWooc. Ao 00°82  to o oovalont 
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compound and in the coo of oovalontly bonded oompoundoo  

the loam of Y.S. for divalont and trivdlont Arca atom,  over*. 

1413)  in tido roalono no unequivocal amigncent of valence 
atato to posolblo On thia.ccunt. Purthor It may bo contiomod' 

that our wawa of I.S. then onpropood n.r.to iron are in 
good ogreomont with th000 reported in Tablo S.1 (=opt tith 

I tho valued of Aroma of al.130)  Oho roason of this dioagreomont 
JO disclaimed in the not oection) and that of Goodman and 

Oabri -137) Tho value roportod by the lattor authors in 
eon and ia very ourpriaing. 

Iron is covalently bonded with 3..atomo in a regular.  

totrahodron-aarogarde the oryotallographio otracturo. Bat 
00030 is on antiforromagnot and the magnotio intoractiono 
vill mho the Sync:1'07 loner that oubio en in the cane of 

14 
%PIA 	dypprOalum iron garnet and 2m1(31)  in TtPog 4) 0 Tho 

covaloney baton the iron ion° and their ligand neighbour° 
pima an important role and the otronaor the covalent 
bonding of iron tons the mall is the valuo of quadrapolo 
splitting148)  . Thuo the magnitado of enporicontal valuoo 
might coos to bo onplicablo by conoidoring the iron ion to bo 

44. Po2  tdth covalent bondingo  but ouoh a viortio untenable rib= 
re oonaidor the tomperaturo dopendonco of oplittinap in 
totrahodral field. in the totrahodrol llama Mold the 
fivofold doganoratolevolo of a froo Po iaa oplit")  into 
a lomor doublet called dr  orbital° and an uppor trtplot 
called de orbitaloo  Pig.3.0(a)* tho Iron atom in the 
divalont state nill give tonporaturo dopendont quadrupole 

splitting duo to Itm the Mance of Boltomann factor govorning 

the electron population both In the lon wyoll ao 
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and ground otato lova° in tho oodbincd action of intorno' 

nagmotio field and quadrupole interaction. Rho magnotio 

intoraction,firot loodo to tho oplitting of ground not° and 

tho firot ozcited otato of lito
09 charactorised b .6. and °, 	4 

Rho oabotatoo of tho onoitod otato pith n 0 i,3/2 aro thon 

dioplaood to lour and them pith n/ 2 1/2 ralood bY tho 

olootrical oaadrapolo tat:traction. Rho oiz poociblo tranoitiono 

aro indicated bolo' with tho1 Dopplor °navies roquirod to 

have the obeorved opootran. 

2 

toro 6 io the loonoric °hitt (1.8.). 
	Dopplor onorgioo 

oro tho roopoctivo pooitiono of linoo In tho obsorved 

opootra. Uov zo coo that the dotozination of tho par= tor  

60 Go  AandAlo f000iblo in tho folloping 	r. 6 io 

obtained ao tho moan vain° of tho pooitiono of tho linoo 

10200i  and 0 or 10304 and 0 as tho nun of tho onorgioo of 

intonations au  for tho four ozcitoa oabotatoo muot ba soro 

tho aboonco of on  1.8. rurthor defining 81 ao tho diffor-

ono Ia Ba  for tho linoo 1 end 2 and 82 no tho difforonco in 

En  for tho limo 0 and C3 coo that 

181 - se' = de 



1.0• ep tho quadrmpolo interaction energy givon by Dq. 3,1 

to ono quartor the difforoneo in splitting of tho cutor 

palm of tho•otm iinao opoctra„4,0  eo ohm in tho Pig.3.4ti  

ID tho difforenco in %a  of tho linos 2 and 4 or 3 and O. 

zs( to the &Monaco of I  of limo 2 and 3 or 

4 and S. 2o dotornine tho vain° of tea intornal magnetic 

field ono roquiroo the value of the magnotio =onto of 

ground or encitod otate. Altornatively the moaonrod voluo 

nib 40 for the opoolnon inq bo correlated vi th the oorroopond-
ing, for Po thich has boon dote 4.4 Frog proviso 

neaouroconto minted to if 	= 330 It0a, Vo adopted the 

0000nd procedure oc our opectronotor vac calibrated by uoing 

natural iron ao a standard apart= in conjunction with the 

data of Prooton et al.03) Tho valueo of 80  e and the internal 

co otio field co obtained aro atm in Table 3.2, 

TADS 3. 1 ME EI: LAITAIs 
J 

=root COO?  On matrin 

300 .0.0D t me 0.03 	0,02 323 

373 -0.00 g 0.03 0.00 g 0.03 312 

440 OM i 0.02 200 

. 10 

* 10 

2 10 

%BMW& 

Tbo yahoo of LS. cenonrod with roopect to Oo
OT 

in On 

are of the order of MB Doc. Ao OuPcB2  io a oovalont 
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compound and in tho coo of covalontly bondod oompoundoo  

tho =lam of 1.3. for Olvalont and trivolon$ Aron atoco ovor- 

1 lop 3)  in thin maul  no unequivocal GOOLGAMAt of valonco . 

otato in pcoolblo on thin count. DUrthor it nay bo centlamed' 

that our valuoo of 1.3. mhon ozpr0000d tr.r.to iron aro in 

good ogreonont mith thcoo roportod in Toblo 3.1 onnopt pith 

tho valueo of Aremu at al 13G)  (tho rowan of thin dioagroomont 

is diecuosed in the not section) and that of Goodman and 

(?ahri137). Tho voluo roportod by tho lottor author° lo 

eoro and to vary ourprioing, 

Iron 10 covalently bondod mith3.atomm in a rogular 

totra tocb on aorogardo the oryotallographio otructuros But 

CuYo32 lo an antiforromognot and tho magnotio intoractiono 
mill mho the oyncotry loyor than cubic en in the cam of 

144) 
4141  in dymproolun iron garnot and Tm1C4°  In Tn2og • -ho 

covalonoy botyoon tho iron lona and Choir: Ugand noighbouro 

plop an important rolo and tho otronnor tho covalent 

bonding of iron Lonna  tho °mall is the vain of qmodrupolo 

145) opiitting 	Thuo the mngnitado of ozporicontal valuoo 

mi t mom to be ozplicablo by considoring tho iron ion to bo 

Pa with,  with,covalont bondingo  bat ouch a viom lo untonablo Mhon 

ta conoidor tho tomperaturo dopOndonco of oplittingo in a 

totrobodral fiold. to tho totrahedrol llama fiold tho 

tivotold dogomorato"lovolo of a fro Po ion oplit14G)  into 

a lomor doublet called dr  orbital° and an uppor tripbot 
collod de orbitalot  Vig.305(a). tho iron atom in tho 

divolont °tate mill givo tomporaturo dopondont quedrupolo 

splitting duo to to tho (tango of Doltomann factor govorning 

tho olootron population both to tho lair ao,voll no high 
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configmrationop Pig 	(a). Purthormoroo  the Porn  
in tho moo of high fiold as c 21 ea in intormodiato fiold 
oonficarationo (no intorcodiato fiold configuration in tho 
onne of Po to posolblo) trill aloes ohm tho tomporaturo 
dopondont,cpcdrupolo oplitting for tho oaza racoon. 
Pig,B.0(b) and (o). Tho oboorvod voluoo of qmadrupolo 
oplittingo Tablo 3.20  aro indopondont of tomporaturo co 

it ammo plauoiblo that Po atom lo in tho opin flew trivalont 
otato122423)  end in voah cryotal 	duo It io only In 
this configuration that tomporatmro indopondont valuoo of 
qm 	polo splitting can bo Onplainod. Thio conoluolon io 
furthor oupportod by tho obaor'atio that In totrahodrol 
complon000  no 'lov opin9  coaplon hop oo far boon oubotontiag! 
Prank1Bb)  hae also ronchod tho oaco concluolon. 

Tho pr000nco of tuo ohargo otatoo rril3 rooult in 
producing a (wagon hyporfiel opootrum or much broodor 
linoo16 	CuPo32 boing a oomioonductoro 	000p to haw a 
longor rolonation tioo and rondor fomoiblo the oboorvatlon 
of couple & opoctra duo to tho proconco of teo r000nating 
ohargo otatoo prOvidod tit= ratio ato bzc and forth in a 
time longor than VI*7  000. But tho hyporfino opootrao 

Pig.B.8, °hoe a typical pattorn of of aboorption linoop oinoo 
tho oboorvod lino width of 0.3S mmboo. for tho innr linoo 
to oomparablo to tho line widthe °homed in Poe3(14) Tho 
broadoning in the oatobto oincp lo of inatrucontal origin 
ao in tho cam with tho opootrum of natural iron with our 
opootromotor. Tho pr000nco of typical aim fingor pattern 
and no rolanation broadening do not load ouprort to the 
hypothoolo of r000nating otruotero and ohorr that Po atom lo 
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la a 0inglo chargo °tato, 

Although tho obsorvod valmoo of intornal magnotio 

fiold aro soallor than thoso for Po841  ionic compoundo'(330 kOQ) 

but aro comparable with that roportod by lorlor of al. 103)  

for IIPo32 rhero Po atom to in tho trivalent state and bonded 

covalontly vith sulphur totrahodron. It road bo interacting 
to quota at this stop that in bio(1711) diothyldithiooarhenato 
iron (III) chlorldo, rhich icy a forromagnot with 5 o 3/29  a 
magnetic hyporfine fiold of 320 hOo hao boon found140) rbioh 
0 alto in vary good agreement rith the valuoo found on tho 

prosont oemplo of Chalcopyritoo  op it 0hould bos boom* tho 

Zooman oplitting an a Mmebauer opootrum is dotorminodo  amaag 
othoroo  by the avoraco opin valuo. 

Tha (Jima and mgnitmdo of tho intornol f told r bo 
acountod ao foll=1°). Tho Intornal mcgratic field Slasp 
ari000 mainly from throo MarCOOt 

(i) Porch contaat intoractiono 
(ii) The inter atomic dipolar intoraction, 

(iii) OrZital oarront9  Haw 

Tho contributions of (1) and 	) aro givoa by Ota I 
181) and mama/ 

}kip - 	)((30 	) 	 ) 

(l4-1 )( ?Di 	 ( pa) 

and 
	

eilo  0)(Ln> 	 (8.8) 

rhoro tho factor (l ."f) oapr0000e the edvalency offoct ahloh 
nlaoo tho d.porbital rith orbital° of ourrounding aogativo lone 
cod coneoquontly rot` ucoo tho might of tho d-orbitalo to oo= 



=tont!, 0> in tho thormal avoraao value of tho a-conponant 

of tho opin anaular momentmoixp the Dohr enanaton, q tho 

o-cosponont of tho eloctrio fiold gradionto  (e3> io tho 

=rap of the invoroo oubo of the diatom() bDtcoon,  84 

oloctronn and Ur) nuolowo  and (y to the avor valuo of tho 

O-ClooponSnt of tho Gni:Aar momentum. Nora /ant  (y and (8> 

aro donned to bo positive. Iron io in the Sdao  °8 otato 

and lie° 'in nearly cubic onvironcent Do from 14.0.2) and 

OM ono can =and° that Hdip  and Sorb  both cAll be ooro 

(or noaliaibly mail). So the major contribution oomeo 

from Hop the Formal, contact term rtich oan bo enproacod aot 

no m.. 	!A (got. o4)> 	(3.4) 

whore of and o4 aro tho e-olootron opin donaitioa at the 

nun= nithopin up and,  main dorm rappootivoly. 2he Forte 

contaot Intonation clay arloo in throo uayot (L) from taxing 

or oucitod olootronic otatoo oontoinina unpairod o.olectrono with 

the ground otato (ii) by a opin-polarioation offoot duo to 

diffOront opin.oxchanao interaction and (iii) by llaand fiold 

raining of the appropriato electronic: conflanration ulth the 

around °tato. 

dIfforencoo in tho opin'.up and opin term ohargo 
donation appear 	on in filled o-ohollo if the atom 

contains a partially tilled maanotio oholl o.a.9  tho 34 obeli 

in iron Dario°. 2ho (=ham° interaotion betroon tho opin-up 

polarisod d-Dholl and the spin-up D.olootron to attractivo0 

rhilo that botroon tho d-shall and a spini.doon n-olootron 10 

ropulavo. AD a rocult the radial porta of tho too o-oloctrono 

onvo functions yill bo difforontp ono being ruched tormrdo the 



nuolena other pulled Outcard, Tho Yormi contact interaction 

than causes a local magnotio Mold at the nucleus each cc 

bo of tho ordor of oeveral hundred We. In fact thio core 

polarisation0  as it to callod0  to the main =haulm 

rooponoible for tho large magnetic fioldo obsorved in othor-

aloo S-atato Iona, 

Vatoon and Proeman" ) alculatod Ho  for 1703+  as 
0 k0 and flirthormoro0  tho oboorved m‘etio fiold Holm  

dopendo on tho typo of llgand noighbeur and Ito bonding. 

ring  to l000loctronic vith Po34  and Ho  an ostimatod by  

32)  Vat= and Proem= 	to • 700 tOp and ford ova ligand 
noighbour to - 490 tOo. Thu° the octimatod valuo of Ho for 

)7034' covalontly banded with. 82"* io 	Q n4gi 	1103. 

Since the value) ofivao  for CuP002 at room temperature lo not 

8.01/4( a meaourod valuo in Po2(3000  at roan tomperaturo 

chore Iron lo 	1 o34  0  3d0  state) but 3.04/2D0  00 the offectivo 

trill be - 641 	343 	20.7 hOo. Ao already mentioned 
O 

IIgip axed Hon  aro both sera oo tho ootiEvatod 1610  to POO Moo  

the valtto r7bioh agroos tith the papered valmo0  Table $.2 

Thio agrooment furthor oupporto tho oontontion that Iron atom 

in in the trivalent state. DUrther the valuoo reportod by 

other inveetigatoro Tablo 3.i aro In agreotnnt t7tth obsorved 

vuluos within the alperimantal accuracy. 

As mentionod oar for in 300,73.e tho oboorvod valuo of 
magnetic moment of tho iron atom d000 not tally with this 

home of moults ao tho room temperature ozportmontil Ataluo 

of)Aou  of an iron, ion in 046(Pe84) °tato to 3000 13. It in 

intoreating to noto that in the caao of intormdiato ligand 



fioldo  Yia.3.0(00  tho opin,only formula givoo a valuo of 

?off  3.07/LEt rhich io in good agroocont ruth tho roportod 

valuo. Ao in thio moo ono could anticipoto each a lorgor 

A duo to 3d anoosponsatod olootrcno and ito °trona tor3pora4 

taro dopondonco, bat an th000 facto aro not born out by 

oxporinonto this maim just a conjootaro, and va profor 

our oarllar oonolualon of took fiold conficaration, 

Oith a viov to corrdborato our conoluolon furthor 

oopotra voro triad but no absorption did oocur probably duo 

to tho hi ah diolootrio oonotant of tho matorial• Nor tha 

optical aboorptian otudies voro p000iblo Dino tho oubotanoo 

io opaquo and dodo not dimly° in any solvont. 

3.0 ORM 1/2 01 2H2 PAPER0011 THE tIoStMADDR EMT"' U2 OHATACOPY. 

Aroma at al 13°)  Nava roportod a qamirapolo oplit doublot 

opootra both at room and liquid nitrogon tomooraturoo and 

sound no ovidonoo for a air-lino opoctrun oharactoriotio of 

mmznotio intoractiono. On tho baolo of onporimontally dotor-

ninod I.3.0  thoy proposed a noci rosonant otraaturo Ca4Vo3V2  

CmP0(e2)20  whoro both tho contiourationo aro ovally 

probablo. Purthormorop tho oonloonducting and nagnotic 

proportios of tho corupound ram aiocussod to tho light of tho 

no prop000d otruotaro and thoy olaicod a pumps in r000lving 

tho controvomvof obaorved valuo of 3.05/2,0  by taking tho 

avoraca of tho oantribution 1,73/01 nod 3.02/11D  arrow th000 

too oqually probablo otracturoo. 

Ao oioilar otady ruao oarriod out by i  ) and oo tho 

oboorvationo aro in diroct contrast to oaoh othoro  it too 

dooirod to afar tho folloving conmonto13°)  in thio rogard, 

)0508- "ho opoinono otadiod in both tho cc000 taro naturally 

SAL LirrAry Mrp/rP,'ITY OF ROOVEC 



oocartaa ohalcopyrito and non: 311y tho Pae(DyrIto) and PoOag ti 
(Pyrrhotito) oro promat c3 w000latloomSmvarylag Vroporw 
lam  (.n 0030  off rarIntlro) or ginod proportlorm (ta tbo 
c000 of a ooll4 oolotlma)b Zn vlott 02 tho v=pay varying 
onmpooltIono  it So laporollvo that tho °tractor° lo oraninc4 
by Zoo m° diffractlo 	tSfloaaAro) a for 14onatl 	off` tho opoloo, 

AO °tett:4 wellor matron dtgfrootlan otedloo1PU) 

o O1 4 tho compound to bo antiforamaamotlo oithvalu?  for 
Po owl to O. 	aad Vcrol tonporatero of WOO, to 
onanotlo o2Corlog Qum to Intorlooto4 tonblatti000 coal giro 
Om to =motto hyporflvm opUtting ttorotti gi7Sna a ainolim 
n000bcaor 05rOtRu0P9). 2bo vol000 of L3. (rolatSvo to 
Iroa) cad loadraplo oplittlarp at roam c=d ligal0 nitro5on 
toaparatero ?or oholoomrito co roportod by Aram of al. 
(woo ulth th000 o2 7032(ryato)163)  c20 for comparloaa cat° 
aro tatelatod in Tablo 000, Tbm 2iiootonor opootra for 
chaloopyrIto ca4 Pol2(yrIto) aro givaa LEI 01363009 It to 
obvlcuo that opootroc ta VI 	0(b) Gooc to oorroopoad to tbo 
spectrum of aram of 

By cocporIng tho valuoo ofd 	of as Loma compoucd 
Oartet (atim alboo4184)  with thoir aboomod voloo (040 mnboo) 
Arms of ol, hypothoolcod tiro icno.!oovalont roocaant Qt taros 
CePo8G02")g 0 3110-13122)0  'crave both tto conflcoratIonl 
aro oigolly pcobablo• TA° oovolont bonding in tto abo of .M 

taro to ro4ordo4 to ro6ueo tho 1,34, If tto room= 11c3 of 
tho too otraoteroo lo dal than 10 coo* (1120 tico of col 
tarot onolto4 ototo of Pon tho oboorvoll opootra u4U bo 
coaoltorably broadowd ehoroao if St 10 groator than lir 0oo.9  
10 tat r000lt otthor Ia a omplox spot:11ra (if moolvoia) 
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or broadonod (if unr000lvad) duo to tho pr000nto of Po84  

lam in  trio 01100i0D117 in34olvalont oitoo. Tho valuoo of tho 

half width from tho o pootr0130) aro In good agroomont to 4  

tho aoll r000lvod opootra of iron compounds i80  and two 

tho opootra 
130} 

 aronoithor oomplon nor broadanod ao ono 

could onpoot on tho pied of tho iono oovolont r000nating 

otructuro. 

CuPoSe 
	

800 0,08 A 0.02 

873 0.03 g 0.02 

?? 0.080I 0.03 

soo moot 0.08 

PoS2( 'ito) 	31 0,0202  0.000 

SOO 0,014& 0.003 

300 0.01 A 0.02 

Po3( 	hotito) 	.0.18 2 0.14 

inm) .0.10 2 0.10 

moo ± o.o2a)  

0.100 g 0.02a)  
0.400 ± 0.0Ub)  
0.$Q0 * 0.00)  

0.40? 2 0.00e)  

0,810 ± 0=2°)  

o.zu t o.o24) 

b.0 0.10 

(o) Ro .129; (b) Rof.1801 (c) Rof.i831 (d) Rof.130; 

(o) R. o at ale: J, Phyo. Soc. dap. 1? U0,10(1982)1010. 

Purthormoro tho aocumption of tho 	prop000d 

otructaro mom to bo untonoblo ahon considorod from tho 

obsorvod vain= of quadrapolo oplitting. It boo boon chcm 

185) 1107 banns 	that tho fiold grodiant of o d-olootron 

at tho nuolomo lo Givon by 



store (i40, 13 tho atormhoicer factor thigh account° for the 

doformation of the inner °boll° by the olootrano  02  tha 

covoloncy factor this% ccoounto for the expansion of the 

olootron tovardo the ltoondo (0.0(o20,00 	40r8)14 
the fiold padiont colculatod from the free ion nave function 

and P a function of onorg level ooperationo  apin orbit 

main& end tomPoraturo. Pox an ooeantially 100(111E:04 

olootron as tours ►bly in the ionic oonfiauration 

Ca" o8' (132120 ag  0 0,0 thoroao In the covalent conflagration 

Ou3a1?el8g*)2(W bcndin of iron) tho covalont bon dina will 

introamco 4ol000lisailon of the electron in at orbital 

roducin the electronic contribution to the field (r Out. 

ApauDinC (14) on P to bo nearly the owe for both the 

above oonfiaurationo, the zE4 valnootill be difforonto  the 

difference dopondina on the Joao of dolooalloation of the 

4 olootrons* In addition vith roaarao to the prop000d 

otructuro it nao =mod that Po34' ion io opin paired in tho 

ionic, form and opin-fro in the covalent (a0) confiaurationt, 

More io bound to be a oontrOution to q from the unoomponoatoa 

olootron in the ionic confiamration chomps no crutch contribo 

tion frog Po in the opin-froo °tato, roaultina inevitably 

in different valuoo of quadrupolo Oplittina in both the 

ocrofiaftration. Thio trill either aivo rim to additional 

doublet (if fully r000lvod) or =moo (broadonlna) of the 

oboorvod absorption paha; but neither io the moo from the 

experimental opectral") 



011APTER 

dissonat STUDIES OP TUTTTI SA= 

1  22-02=21 

4* Pe2  Talton oalto are a porioo of hexahydratod 

isomorphoue doublo oulphatos having the aonoral formala 

32Calso4)2  

thoro al  Lo a panovalont poeitivo Loa 120 eo Bb 0 0040 414  

or DUtand LIP 10 0 divalent poeitivo ion liko Od2+0  72+, tra24  

Or2+0  vo2+, 	©a2  'g  cio2+, sn24, or u124*. LW car aro 
otudy#aa tho rocoill000 onoinoion or abeorptIon ulth Po"  

our interest i,ll bo =lay Bated to the Iron oorioa visso 

1 o2%1180 )2.0a2  

4 r mt dool of work ha° boon dons an tb000 compound° 

particularly on Porroue Amami= oulphato (PAS)0  aloo comonly 

known ao Uobr Salto  and which lo a voll kaoaa otablo 

laboratory roventi Tuttonlga)  proparod c wido raw of th000 

type of sorloo of doublo oulphatoo and Dodo oxhaaotive etudioe 

15?) of their optical proportioo, Teutouni 	moosurod tho 

nava lonath valuoo ond rolativo iatoneitioo of tho X-ray 

non-diaarm linos of Ips  of (124)p1i040.04)2,6S20by the 

fluoroacont X-ray ootboci by uoing two difforont ohpractorlotio 

X-rayo, ao oonoludod thrit X(1 lino nne dao0  not\to o dcubloo 

but to the oinalo ionisation procooso  end that. 1 Conic 

dorivod from tho difforonco of the mimeo intorar 

tho etatoo having difforont total opine (S wi-;) 

-84- 



ahem 3 is tho total °pin of tho inoomploto 38. oholl and 

to that of the inoo.vlota Sp °boll in tho fincl otato. Tho 
/ 

onoray ooparationo of tho r pi  and up linoo oalculatod from 

tho omehen6P =mica nomrly °am pith th000 oboorvod 

ozporimentally. Hill ond Smith
158) 

moaourod tho op. haat of 

thio compound frog 2 to Sell and oboerved too =Alma at 3.0 and 

30.3G11 roopeotivoly, phich cloarly onhibitod anomoonly of 

tho Shotthy typo. In order to caploin this anozaly thoy 

proposod a Doh= of energy lovolo indioatina that tho around 

otato of farrow ion to doublot of oval doaoneraoy boving an 

appminato ooparation of 0s8 of 1. 4uillion189), an tho 

othor hand, oboorvod an anomo.,  In ito diolootrio conotant 

C at .80°0 phich Jo lta tranoition points 

Tho maanctiC coocoptibilities and anioo pro of 
Po' ' 'utton Salto had boon a subjoot of oonoidorab10 

10047) 
invootlaations 	Th000 invootiaationa havo brouaht up 

many interootina rooulto. Ohollravarty and Ohattorjoo102)  

norhod out a thoory of tho maanotio mooptibility of PAS o 

tho Maio of tho Abraaam and Pry000l(ie)  =theca and found 

that the anlootnopiO part of tho oryotol fiold champ° pith 

tomparaturo mina to the thermal axpanoion of tho oryotal 

latOloo. Thoy furthor inforrod that tho spin orbit coupling 

coofficiont oust bo lioar0000d by 20/O  from ito frog ion voluo 

of -130 om71, yhich indioatoa oomo amount of ovorlap botwoon 

tho 3d Po
24. 

and a-and p.Q chargo cloud°. Thoir4boorotical 

we= aaroo voll pith tho oxporisontal valmo. nichordoon 

and OaPP162)  towered tho maanotio ouocoptibility of this 

compound at 0.03402°X. by both tho Paradoy and baltiotio• oqtaal 

induction briars() cothodo. Tho moult° con compatible yith 
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avallablo opooltio boat data in tho lov tomporaturao rogion 

providod that tho loroot lovol lo to on to bo a oinglot and 

constant mocoptibility to cocribod to tomporaturo inclopondont 

paramagnotion of tho lomot lovol. The lov tomporaturo 

oboorvationo of Ackoon1) and alga of Ohtonka 	at al. 101) 

havo indicated a Touting of tho El 0 2 spin otato at to 

taro° bolort 10°X thich othorvieo lo an ovantially froo 

3 0 2 otato at rooa tamp:nutty°. Bhattacharm100)  has 

vorhad out tho oxproopiono for tho mo3notie auscoptibility 

and aniootropy of Po24' Teton oats (Po(100,02.01120 ) 

omploying a moro onoral molocular orbital mothod of Van-Vlocho  

Stovons 00111030 of al • 2bnoo rooalto oboa a good agroomont 

pith the oxporimontal valuoo of Boo of al. Poi th000 

atudieo he proposod a doublot ac the ground otato. 

Utoobauor opoctroocopy hao aloo boon omployod in tho 

'studios of thin compoune(41°348141"471)  and a complilation 

of all tho proviouo vork to prosontod in Tablo 4.1. Rorlor 

and Uouvirthl°3)  moaaarod tho lion ohift and quadrupolo 

oplitting in tho tomporaturo rango 170430ft. Ingalls1615)  

ban mado an oxtonalvo etudy of the 400trto fiold gradiont 

(nro) tensor in farrow compounds. By making two of cryotal 

fiold paraaotoro opin orbit intoraction and covalonoy 

offocts, ho boo oxplainod tho tomporaturo dopondonce of 

vadrupolo splitting and has conoludod that tho ground otato 

In Pa is omontlally ciglot trite vavofunction tzy>(this fa 

contrary to Bhattacharyyalt")). In dition ho hao oxhibitod 

a roquiromant of rhombic, rathor 	totragonal oryotal 

fiold ay000try. RS hen aloe aaotgnod tho charaotoriotic 

tomporaturoe to tho tea  lovolo. Grant at al 1")  havo wad 



pognatio perturbation techniqao and concluded that the 
_of 

sign of the nuoloar quadrupolo coupling conotanOAS In 

pooitivo. 

In viol, of the interesting inveo ationo of one of 

the membor of tho perioaa  it rep conoiderod vortWhilo to 

undertake the dotailod Udoobaaor otadiee of the rholo ooriee 

to 000k informntion regarding the ordor and magnitudo of 

oryotal field oplittingo of tho 'Goole')  the ground otato 

wavofunctionn of the individual membor and charaotoriotic 
tonyoraturoo of tEta  levola. Yuithornore9 to calculated the 
sixth olootron occupation probabilitico of thoeo loyal°. 
Uoroovor effect of varying olectronogativity of the alkali 
cations on the leomoric ohift in them conpoundo lo also 
of intorost It ID mooted that ouch otadies of the lova 
paracotoro trop quadrupolo oplittingo rill augnont tho 
information from magnetic data and opocifid heato. 

pros thoao °WU= v0 have conoludod1'2)  that the 

around otato rave fanctiono in all tho =bora of the eerie° 

In a singlet (> and that the affect of varying oloctronege-
ti ity of N1  hao nogligiblo bearing on I.S. 

4.2 A 

  

(A) aBORAM  

Proparation of the 3uttcna rialto ID very oimplo ana 

then° woro propared according to mothodo of Tutton 14)  and 

That urata end Whhoye447136). Hiel purity (AM, or B. Mile) 
component state vin. PoS06.7R0 and the motor part 11004.11120 

rhoro a 0 gee 14 100  Co or Ti and z to the =tor of oryotalli-
sationo mro tohon and their oquimolar quantitioo\more 

dl000lvod ta doubly diotillo4 =tor. Bncopt in the\ caoo of 



tho Tuft= salt° zero of Hormonal )0  rho invostiaatod the 

lattico conotanto and op coo croup of tho oorico (3114)2MP(3041)2  

.(320 pith 02  coU30  Pa and En. Vary rocontly OentGonory 

and Linaafoltor174°)  have darn a dotailod otudy of the 

otructuro of the Tutton °alto oorioo (1764)02(s04)2.01120 

rith divalent ion e as re0  0i24.0  2122% 00+0  and T.11 4'; 

by Ming noo of the throo dimonsional Votarlor and loaot 

oquoro refinocento of X..xay diffraction data. Their latoot 

paper")  Ova° tho infornation of lom- r tato concorn to 

our rork i.o. of VAS. It lo a nonoclinic on:atoll*  °pace group 

nEs 
vrth 	lattico torstanto 

and 

Tho unit coil contains trio noloculoo and tho Dom  ion is 

oituatod at tro oquivalont alto at (00000) and (1/20  1/P00). 

Th000 low aro in a opin free otatd'and aro ourroundod by 

a diotortod ootahodron formed from also rotor noloouloo. Tho 

bond lonath and andl000f thin vator ootahodran are ohoun in 

Pi8.4.1(a). All the other cooborop boil* isomorphous, haw 

tho idontical otructural proportioo. 

(a) r631...§BAZI DAA, REOMDM 

Tho cryotalo no obtained voro driod and pulvoricod 

into a fino ponder. An amount of the pordorod oanplo 'tonna 

an oquivalont thiohnew of appronimatoly lOndem2  of natural 

iron oco of:mar/Med botroon Up, pompon ohooto of Warn= 

lniO for 70C3 tompornturo mocouromonto and botroon itio Al 
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magnetic perturbation toohniquo and concluded that tho 
_of 

Olan of tho nuoloar quadrupolo ocuplin5 conotant/PAO to 

positive. 

In viov of tho interesting investigation° of one of 

tho membor of tho oorieeo  it mo conoidorod uorthyhilo to 

undortako tho dotailod Uosobauor otudieo of the aho10 oorieo 

to mot inform:1ton rogarding the odor and nagnitedo of 

=Fetal field oplittingo of tho levoloo  tho ground cute 

WarafonOtiOn3 of tho individual monbor and charactoristic 
tot paratuos of t2a  lovas* Purthornoreo  t3 caloulatod the 

sixth olootron occupation probabilitieo of thaw levels.  

Iloroover effoot of varying olootrenoaativity of tho alkali 
cations On tho Isomeric ohift in them compomndo lo aloe 

of intoroot. It is expected that ouch otudios of the lovol 

paracatoro frock quadrupolo oplittingo hilt augment the 
Informations from 	 tic data and opecifid heat°. 

Proo th000 atudioa t7e have concludod172)  that tho 

ground state owe fmnotiono in all tho members of tho sorter) 

to a singlet Ixy> and that tho afoot of varying oloctroneapm 

tivity of Ul  boo negligiblo bearing on Ls. 

46231.22.1...E.D.12 

(A) ZaMahum 

Preparation of the Tutton rialto io very oimplo and 

theoo nem prepared acoording to mothodo or 2uttem163)  and 

Tholturata and Whopai47136). High purity WM, or 73. rorou) 

oompownt state vise 1?oSO4,7H20 and the counter part ttS014411120 

choro m 040 Iv RN Co or T1 and x ID the =tor of oryotaiii. 

nations  tro takon and thoir oquimolar quantitioovore 

disoolted ta doubly dietillod rater. BUOOpt in th ono° of 



TABLE 401 

X °alto  tho solutions toro allotod to avaDorato in a loot 

froo aircon2itiono4 root on a vibration proof otand. To 

avoid tho =Elation o2 farrow, aalt from b000nina forrio0  foe 

drops of oulthurio acid (1123%) torn addod to the oolutionse -1 

K-2uttart oat Yes obtained by oloytryotallioation of tho 

oolution in oval(at*D dvioator. Tho ozyotala aro lioblo to 

offlorooce in vacuum*  mad ao ouch yoro rocovo4 pow aftor 

Choir formation. The final cryotalo Moro obtained by ropes od 

cryotallioation. 

145 I. 0000 

1003 * 0.010 

1.382 i 0.+032 Grand at a10170)  

Lana at al."1)  

do Do 	Ott 

Lana ot al$17i)  

0.010 Kotler ot al.1°15)  

Land at al.171)  

Ioriar ot al.103)  

-do. 

Lang at 01. 171)  

Grant at al.170)  

do Bonodatti 
ot al. ; 
Brady of 

Itarlor ot al 1°8)  

0 
77 

112' 

170 

190 

207 

298 

300 

Room Temp«#  

399 

0,002 

2.74 2 0000 

2.90 2 0.00 	4 1,41 2 0,00 

2.04 2 0000 

2,270 2 0.010 4 1.28? 

2.24 t 0403 

2.102 g 0.010 

1.707 2, 0,010 

I.% 2 0.03 

1.738*0.003 

1.70 cop 

1.281 2 0.010 
1.230 2 0.010 

1.250 t 0.404 

1,51 i 0.03 

1,27 A 0.08 

1.200 ± 00010 

* &mot tamp. not quoted* 

Oa) mama 

oho f trot X-ray otructaro invootigati 
	

reportOd for 
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FIG 4.i (CI) THE DISTORTED WATER OCTAHEDRON ABOUT THE Fe  

ION IN FERROUS AMMCNIJM SULPHATE. 
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RHOMBIC FIELD 

	( 	 
FREE ION + CUBIC FIELD 	+ AXIAL FIELD + 

FIG. 4 1(b) ENERGY LEVEL SCHEME OF Fe2+  ION UNDER THE 
ACTION OF CRYSTALLINE FIELD ARISING FROM A 
DISTORED OCTAHEDRON 
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AR x) 

Moro QIt. 
0 

folio for lot tomporatoroos tho lattor tom ocain pohotod 

in tibo %lot coppor °trim vhiCh cora faotornd to tho 1O 3r 

odco of tbo pro3ooto1 thick-ooppor pinto of tho oryootat as 

G000ritod in tho oecond ohnotor, Vbilo rocordtm3 tbo data 

PrePor cars too tahon for tbo countins optiotioo end for that 

rocoon nor() Um° coo roquirod In tho lon tomporataro 

cocoaroconta toro attonnation dao to tryootat arrondocont io 

InVitablo. ThO *cantina rato vo rolativo volocity of tho 

aboorbor ana pourco too pRottoa to cot tho Mtootamor 

opootrum and Vpioaltiolokuor opootra too obtained cm 

pr000ntod 	Did,640. 2110 Nbodbanor pormatoro dorivo4 frea 

th000 opactra aro (ion in %labia 41.12. Purthor the tomporatmro 

dopondonco of qacarapolo oplittinfs lo ciao oho= In Pid.4.3 

Unfortmnotoly,tho data for Wi2po(0002,07126 0004 not bo 

rocordold tith doolrod coceraoy tooamoo of tho hldh olootronlo 

tatoalc) atoorptlan cra to not inoladod in tho tabloo 

44  AgataLa 

2ho thooryof the gmadrupolo intoliotion to dlooUaood 

In mach dotallo 	tbo firot ohaptor and cal] roldvant 

foaturoo till to diommod how, 

A nuclouo pith opin once= a 	nth° 

pr000noo of au olootrlo fold dradiont (m) data the 

(2! 4. 1) fold 4o5onorcoy partially ramrod duo to into otion 

of tho vadrupolo oordont Q ulth tho 	vbia can bo 

onproc ed by tho Ucniltonlan"), 
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DOPPLER VELOCITIES (irrmisec.) 
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TABU 4421 IS0NS2 SHUTS AND RTIADRI7103 INTERACTIONS 

MrtrinaMinn  

Pe(NHO002.6H20 

105 
at 

1014/0.04 
1.000.04 
10720.04 
2.1020.04 

1.7610.04 
1.90.t0.04 
motom 
2,66±0.04 

4.2 04  

poiso4) ampo 293 
253 
195 
81 

141820.04 
1.0020.04 
larem 
1.0710.04 

1.9620.04 
2.0010.04 
2,1420.04 
2.4520.04 

2.$11104  

295 1.0520.04 1.7020.04 
253 
195 

1.000.04 
1. 	.04 

1.85t0.04 
2.071044 3.77x10"'3  

81 1.1r 	1.04 2.504.04 

293 1.000,04 1.60±0.04 
253 
195 

145044 
1.124.04 

tmoso4 
2.0010.04 

4.95404  

81 2.18*0.04 2.6520.04 

P•(Rb304) .620 

pe(asso4)2.ago 

with respect to a 0 in Cu 

each that 01 731 and keeping in r1ew that for Pe I 	1/2. 

and 1e  = 3/2, we write 4.(4.1) in the form 

BQ " 	efq1Q [11 " I2 
 (4.2) 

The Eq. 4.2 has the 8 

BQ • 21q1Q  (4 5/4) (1+ IP 1 

with 11/ a 3/2, 1/2,. (CO 1/2, 3/2 
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DOPPLER VELOCITIES (InTnisec.) 

FIG. 4.2 MOSSBAUER SPECTRUM OF Rb Fe  (SO4)2  6H20 AT-20° C 

(SOURCE Cr (Cu)) 
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1 

o Fe Rb2 (504 )2 .6H20 
o Fe K2  (SO4)2. 61-120 
A Fe CS2 (SO4)2 • 6H20 
X Fe (NH4)2 (504)2.6H20 

0.2 0.4 
	

0.6 	0.8 
	

1.0 
	

1.2 

( 10
T
0 

FIG.4.3. TEMPERATURE DEPENDENCE OF THE 
QUADRUPOLE SPLITTING IN IRON TUTTON SALTS, 



Pe( 41148002.6R2 

Pe(18002.6820 

7.(A11904) 61120 

293 1.1410.04 
253 1.0010.04 
195 1.0710.04 
81 1.1010.04 

293 1.100.04 
253 1.0010.04 
195 1.07±0.04 
81 1.0710.04 

293 1.000.04 
253 1.0010.04 
195 1.040.04 
81 1.120.04 

hp(08804) .6120 	203 

fOi 
81 

1.000.04 
*00044 
1.1210,04 
1.1010.04 

112 

(4.3) 

91. 

TABU 4.21 730182 SHIFTS AND UADR010118 INTIRACTiONS 
- 	' 

' • 	it 54. 

1.7010.04 
14010.04 
2.201044 
2.6010.04 

4.24A.0
0 

 

1.9410.04 
2.0010.04 
P.100•04 

P 3 0 

2.4510.04 

1.7010.04 
1.8510.04 
2.070.04 3,7 0-  
2400.04 

1.6010.04 
1.7010.04 4 5 0 
1.001;0.04 
24510.04 

err Ch re9peot to 
	

in Ca 

each t 

en& le  3/2, 

and keeping in view that for e 7tig  w 

write Bq.(4.1) in the form 

j (4.2) 

The Eq. 4.2 hes the eigenvaluee 

1041 (a . 5/4) U. 

with It 5/2, 04.  s' Ves 3/2  
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2hia oxprocoion aaata1i Oalg tho Pnd pvcor of tho naanotto 

quantum numborm 0  dhioh on that atatoo oh= at  diffor 

only in aim rucuin doaonorato. Ma tho moo of Po87  =low 

tho (Autos of al m t 3/2 aro dogonorato and co oro those of 

g 1/2. Patting rtr  g 11/2 	1/2 in Rq44.8 ono dots 

2jok) ri x
2
11/2  

4 + 3 

ath pooitivo of torn!t 3/2 and gativo o for 

and two tho Flasobauor cpootrum givoa tdo pooh) with 

a ooparation of 

611 

or totativoly 

I q1 (14. 	36/2 
(4.3a) 

z13 	 ' 0[52+ 0/2 	(4 Oh) 

Hod (10  tho 3-eomponont of tho EPO at tho ndolour o to con bo 

oplit op into Um componontoo  tbo lattico part lc/riming from 

ligand diapooition) and tho valonoo part (i.o. tho anoomponoatod 

part of tho ion) 

't° )(hp at (4.0a) 

alas  V 077 
q (1401 

o 	. )'7  lotqlo (4  Gb) 

Via oubuoriptotiant and at' as indlootodo  o.tand for tho 

oharco diatribations of tho aophorioal Ud-vuloneo olootran 

bolougtog to tho forrouo ion ( 4  Eid°) and tho noighbodring 
	a 

in tho oryotallino lottio roopootivoly, (141)  anti (1.Y„.) are 

tho Otornhoimor feotoral754?)  chich oro introdmood to oorroot 

(d.4) 
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op an 
coordino-
too 

1002  

rro 
ropropentatio 
(=or lovol 

lo 

Recontly this sta anent hao boon chollongod by Rooih and 

Iaplan (Phyo. Rov. 159(1907)273)t ho havo calculated thlo part on 

pt. charge oodol for Como divaont iron oez poundo. Zn viov 

of tho largo 10 Dq vamp (10400 ad" ) tho tooporaturo dopondonce 

of the quodrupolo splitting Jo intorprotod in taro of tho 

tooporaturo dopondont occupation probabilitios of the ointh 

°intros in tho de (fig)  otatoo only. ?ho field gradient 

paranotere of a 4 electron, for the ale and &, orbitals aro given 

in 2ab1e 4.g.  

• P/9 40 4/7 o 
.2/7 4// 0 

• 2/7 4/? 

jos> 0 ft 

lay) 	.2/7 

The quadrupolo proc000lon tioos aro of the ordor of 

40 Goo. which aro ouch greater than the thoraal transit an 

time bet000n thoeo 1ovelo"20179)0  and hence the offoctimo 

field gradient io the avoroge of the contribution fron th000 

otatoot  oath of th000 voightod by Dolt 0.,  factor. Amoing 

the occupation probabiliAloo of the d  otatoo oe c e  end  8 

and making moo of Eqp.40B and 4.3 and 2oblo 4.30  zo obtain 



analvioof the enporicInta stn omplogod tho follmiaa 

(1 0 0.20 boreo$ 3 c 0.62 cad ( 4) C3 04/4 

2ha onporicyntal data t...1 cnolysod 	ilanD3toniotaC 

th2 mar= to fit tho 8c000 on4 It U23 found that it 10 

ostiofied by oovorol oebinationo of 71 and 28  of art Oboorvod 
tomporotaro 2. 2ho ohoieo of tho ohorootoriotio tooprolaroo 

soolmod to ths lovoi 	idod b7 tho oboormd tonporatara 

601=0110 of till quairapolo oplitting and tho avallabio 

rooalto of Po(1110002.011201 00) 2ha charaotorlotio to:3Yoratamo 

oo aoolanoil taro aim a 2oblo 

TA 646: onm ra 	,rtnon ik3D 

Po(nnoVeao 	2$0 	SOO 	laP 

Po(1504k00320 	200 	DO 	140 

VoCdb$04)0.0B20 	R40 	DLO 	1M> 

Pe(00806)e 	MO 	200 	147> 

in *Mar to dooido tho ordorina of On °norm to lo 
it io omaatial to find tha aroand at tlto mvo fmcotion. 

Toblo den tho ratio of 'oe for too ogacXot onn dcublol an 

0 tOlo valmoo of 1 ranniA3 fticaol to 0.6 b hnvo boon roportod 
ta lit. .l dotty ilod dloouoolca is aivaa is ohn9tor VS o2 EVO 
oelculationa. 2ho yaw all 0 0.02r000ntLy ZOrOUtO 
ttOr 2,70.3 	cala no  Ita 	%Ma 	6.6 fasn.(Eb2,WD) 



oq daub ot 
	.200 	(4.10) 

Prom tho Eqo, 4.0a 0  406b cad 403D V3 con dotomino 

tho ainth olcotron posaation of th000 to triplet ototoo for 

all the mamboro of tho sork,a at 'WI oboorvod temporataroo 

oftor moignIng tho oharaotoriotio tomporaturoo. The values no 

ob$nined aro tabulatod in Table 44. 

406 	pao AD LIT 	T1 S MR 13 	CI 

0.530800 0.281206 0.197808 

0.000340 0.230029 0.178820 

0.060967 0.201098 0.141000 

0.920207 0453970 0me7 

0.079079 0.238078 00101047 

0.017790 00221070 00101140 

0.096774 0.183240 0.121380 

00947616 0.030248 0.014244 

0.669298 0.240680 0.194160 

0.69490U 0,200002 0.174703 

0.008429 0.106227 0.100340 

0.931807 0.040131 0.020282 

0.042408 0.266907 0,201024 

0.070710 00241303 0.102970 

0.0463/8 0.208834 0.143848 

0414073 00030463 00020474 

Po004300)2.0320 
	

203 

283 

106 

01 

Vo(ZSG92.0HRO 	2DB 

263 

108 

81 

Fo(Rb 304)2.0320 	293 

193 

81 

Po(Co004)2,0690 	293 

263 

190 

81 

4.4 ILEIET&L4 )7211,.....3cutona 
Tho volaoa of Ioocovio ohigto at difforont tot yaraturoo 
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ohm that it io indopondont of tomporature ttithin the 

accuracy of caeouromonto for No  11and Rb ooltof vhoroaa 
the slight plop of I.S. vo tomporaturo curve for Co rialto  

.10 2.3=0 	olt io duo to tho corroction of tics dilation 

rosoultiw3 from the motions of omitting and aboorbing nuclei. 

Purthor, the Po24  ion boing sorroundod by the diotorted 

octohodron formed by MO, the varying olootronogativity of 

the alkali cation hea no apparent affect on the valuo of r.s. 
Tho values of tho charactoristio tomporaturoa 21 and 

Tg are not unique olnco them) aro booed only on the analysio 

of the quadrupolo oplittingo (coo the nature of q. (4.9) s \ 

It io dosirablo to anolyso oimultanoouoly the flosobautor data, 

tho paramagnotic auccoptibilitios and the mono= data 
(if available). 

Ingallo155)  taking into account the an al and rhombic 
oryotal o 	try, opin orbit interaction and oovalonoy offoots, 
has ohovn that the ground otato of the (DR0)2.Po(804)p. 
io a oinglot Inv>. Zooping in viva the DI.4.10 vo coo th't 
the order of , loo tor3porature "alum of quadrupole oplitting 
in the root of the oorieo, Tablo 4. , to the atm. Homo vo 
infer that the ground otato vavo function in oil thoao moo 
io a ainglot J3 liho Po(034SO4)2.0420. This to further 
ondorood by the iota tonperaturo occupation protabilitioo of 
the ointh d electron, Table 4.$. 

5 MUM 

An atatod in the text above, the analysis made hero 

nogloto (a) the lattice part (b) opin orbit interaction (a) 
covaloncy offooto and (d) amoumoo the tomprature independence 
of the charooteriatic tomporaturo and home in very olocontary. 



Thus the inferences arrived at are only approximate. A more 

general analysis should include all these aspects. Ws may add 

hers that recently single crystalwork on /AS has been done in 

our laboratory 82b) and by Ingalls it al.103c)  wherein a 

complete determination of the 5 independent components of 

the traaeleae, symmetrio MPG tensor hap been donee The BIG 

axis are compared with the susceptibility axes. 
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ttS3DAllett 32t101133°  02 AIICAL1 DTIRIOPPARAMS (r n) 
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Tho dotails of to proparation of a °aria() of compounds 

of totrahadrally coordinated Iron (III) having a gonoral 

forcula APoS20  vhoro tho cation A, ci Bat  St  nb or 130 ho bean 

recently roportod by Bronger180. rho? It-ony studioa and 

magnetic proportioc of this =in, vis.t  SPoS2 and 1132032 

aro hnorn oinco• long. Prolo162)  and 3chnoidor188)  prepared 

th000 oompounds indopondently loj book in 1809 and otudiod 

their otruotural properties. IlaPe313 her boon moodArdyeing 

compoundle4)  for homogoneoua coloration of gln0000. SPA?  has 

88) boon good no a catalyst in crooking roactional 	and it incre- 

ases its rate by a faotor of 100 to 3800 

nosebenor Studioo of MISR have bon mado eatorsively 

by Karl= 	103) ot al. 	• in tha cam of XPoS2 and T2o029 they 

have reported that for MPo32 the magnetic ?lad at the nuelouo 

docroapos from 203 Ica= at -1484)  to sore at -28°9t  but for 

SPo02  from 518 Sganeo at -123° only to 400 Igatios at 78°O. 

Prom thlo they inferred tho oniatenoo of a low transition 

point for SPeSg. Pothert  a plot of 1.8. wow temparaturo 

shoved a deviation from tho othervise normal and appronimately 

liner rolotionohip and Ono indicating the transition at 

-200 for Doh. Thoso (Audios inspired no to undortake 

UrOsobauor invoatigation in the other =bora of tho aortae 

to look for °Lollar tranoitions vith a viov to decide the 

0  Dosed on payer qbeobanor Spectra of Totrahodral Alkali 
ithiogerrates(III) D. nos and J.F. Puri: a. Chem. Phys. 
go(19o9)31w4 
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nature of the reported transition in DeSe. 

Edward and Johnson1 	studied iron (II) compounds in 

tetrahedral coordination and their inveetigations reveal that, 

in contrast to the behaviour of high spin Fe(II) octahedral 

compounds, the Fe(II) compounds in tetrahedral coordination 

show a markedly greater dependence of quadrupole splitting 

upon temperature and the isomerio shifts are also considerably 

lower. In order to seek comparison of hyperfine interactions in 

the case of iron (II/) in tetrahedral coordination and to 

supplement the relatively fewer reports on such iron compounds, 

such a study was embarked upon. Furthermore, the bearing 

of the electronegattvity of the cation on the isomeric shift 

in alkaline ferrocyanides 88)  and super complexes187) having 

iron in octahedral bonding (d5  sp3  ) has been reported. A 

syetematio study of such an effect in the case of compounds with 

Fa in tetrahedral coordination (sp ) was considered desirable. 

5.2 EXPERIMENTAL 

Schneider183) prepared the compounds KFe32 and NaFeS2 

by fusing the powdered iron with potassium carbonate (sodium 

carbonate in case of 1 aFe32) and sulphur in air, and leaching 

the cold product with water. A more detailed but similar 

procedure for preparing the compound KFeSe, alongwith 

properties is also reported in literature188) The fusion in 
183,184) air 	yields an impure compound and impurity like re 04  

is not ruled outlet). We, have followed the method*  of 
Branger180481)  in preparing**  the compounds employing the 

* The author le very much thankful to Professor Bronger for 
sending reprints of his papers alongwith the details of the 
preparation. 

** The author is thankful to Mr. Shri Math, senior analyst of 
Metallurgy Department of this University for discussion and 
sparing a Ihrnace for my use. 
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fuoion reaction under a drys  oxygon-freo nitrogen. atmoophoro. 

All the chomicals uaod, woro of A.R. quality. The roaction 

tomperaturo in all those cases was 800 to Mt. The exchange of 

alkali oulfides with iron and sulfur in closed ampoules also 

gives the same compounds. 

XPeS2 grows in permanganato coloured noodle shaped 

monoclinic crystals who roas RbPoS2, NaPeS2  and esPeS2 mro 

granular in appearance. X-ray diffractagrapha were taken 

which did not reveal the presence of any PeSo  Pe32  or any 

unroacted iron which onaured the ouccoosfal completion of the 

roaction. 

The UO:sbauer spectra tieing a standard 0037  source in 

Pd matrix with an initial activity of im0. woro r000rdod for 

polycryotallino powdor aboorbore in transmission goometry from 

the room down to the liquid nitrogen temperature. The linos 

wero fitted by least square analysis on 3000 ODO computer 

making the assumption that the line shapes are Dorantaiae,  

The values of I.S. and Q.S. oo obtainod are given in Table 8$. 

The representative spectra for NaPeS2 and OsPoS2 are given 

in Pig.5.1 and 5.2 and the values of Q.S. versus temperature 

for all the compoundo are plotted in Fig.5.S. 

Some of the low temperature measurements were takon!*  

at the Tata Institute of Pundamental Rosoaroh, Bombay and the 

cryogenic arrangement employed a cryostat fabricated after the 

dean by Viodermann et aline), Any tomporature down to liquid 

0  The computer program of Rhodes at al. Rof.03 was modified 
by R. Nagarajan and T.S. Radhakrish ,. of T.I.Y.R. Bombay 
(India)0 in order to use it directly for a mechanical drive. 
The author is thankful to flr. Nagarajan for this help. 

** The author is very much thankful to Dr. R. nutshell/ and his 
group for allowing the use of their Uosabouor opectrometer 
for some low temperature maouremonto. 
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nitrogen could be set within an accuracy of I 00. In addition, 
the magnetic susceptibility measurements were canoed out in 
the same institute*  for all these compounds over the temperature 
range 77-300°1. The values of eff as calculated from molar 
susceptibilities are listed in Table 5.2. 

Source: 570o(Pd 
po e 

p itting 

NaPeS2 	295 	0.38 	0.08 	0.35 	0.30 

	

253 	4.37 	0.57 	0,38 	0.36 

	

195 	0.39 	0,59 	0.40 	0.40 

	

140 	0.46 	0.59 	0,88 	0.41 

	

77 	0.48 	0.09 	0.47 	0.45 
Vag 	295 	0.19 	0.53 	0.30 	0.30 

	

253 	0.21 	0.53 	0.40 	0.40 
RbPeS2 	295 	0.19 	0.45 	0.30 	0.30 

	

253 	0.19 	0.47 	0.35 	0.35 

	

195 	0.27 	0.48 	0.40 	0.40 
00082 	295 	0.18 	0.46 	0.30 	0.30 

	

253 	0.19 	0,46 	0.32 	0.32 

	

190 	0.25 	0446 	0.32 	0.32 

	

140 	047 	0.46 	0.30 	0.30 

	

77 	0.29 	0.47 	0.44 	0.42 

The errors in the values of Ls., Q.S. and line width (assuming 
a lorentsian profile) are # 0.02 mm/sec. 

* The author is very much thankful to Prof. Kanekar for allowing 
to take measurements on his sueceptibility measuring apparatus 
and Mr. Maratha for the assistance in using the equipment. 
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TABLE 3.2: Nap oveff 	OF UNPAIRED 34 ELtaTRONS„ 
TOTAL e- IRON DEA: rit AND 40 ClIARACtER It 
ALICALI DITIMPtitASS. 

1 NaPeS2  4.65 3.77 0.385 11881.00 25 

2 rFeSe 4.51 3.72 0.190 11881.85 35 

3 RbRoSe 0.188 11881.86 36 

4 Cad 4.38 1.49 0.175 11881.88 38 

8.3 STRUCTURE  

The first X-ray structure of any member of the series 

reported was that of XPeS2 by Mantel189)  , who proposed an 

orthohexagonal cell with a = 13.042 and 0 5.462. 0652 

grows in paramagnetic coloured needle shaped monoclinic) crystals 

with space group symmetry 0e6h with 4 molecules Per unit cell
190) 

having all Fe atoms at equivalent sites. The structure181)  

of Rb?eS2 is isotopic to DeSe whereas OsPeS2 forms orthorhombic 

crystals with space group Dig with a tetramolecular unit cell. 
The crystal structure of NaPeS2 is under investigation181). 

The lattice spacings, apace groups, and the significant 

interatomic distances etc. are reproduced here in Table 5.3 and 
ocryK 

5.4 from Brongeesifor ready reference. IS see that in XPeSe 

and RbPeS2 there as only one short Pe-Pe distance, whereas 
in OePeSe through the Z parameter value of 0.242, two different 

'distances are obtained whose mean is comparable to the distance 

in KIs32 and RbPeSe. 

In all these compounds the iron atoms are principally 



Lattice 
constants Space group 
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TABLE 5.3i-  LATTICE CONSTANTS, SPACE GRO(TP AND NO. OP 
110LBOULES PIM 11141V CELL,. 

a = 7,09 2 
	

0 2/0 	4 

b =11.27 2 

a=8.39 2  
6=113.20  

RbFeS2 a = 7.22 2 	02h - 0 2/6 	4 

b = 11.70 
0 

c 	5.42 A 

P 112.00  

esPeS2 a = 7.13 2 	D 
 

Rh 
b = 11.92 2 

e== 5.42 2  

4 

TABLE 5.4: MtnalajatattattajUmERLLIall 

oes2  2.70(2x) 2.18(22 
2.29(2x) 

3.32 21 
3.34 2z 
3.40 ft ) 

1 3.50 2z) 

RbPe32  2.71(2x) 2.20(2x) 3.42 2x 
2.22(2x) 3.48 tlx 

3.56 2x 

CsFeS2 2.62 2.18(2x) 3.44 22 
2.61 2.28(2x) 3.65 2z 

3.854x 
1 4.29 2x 
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oovalently bonded by slightly distorted sulphur tetrahedra, 

The goeSir ions are arranged in chains of PeS4 tetrahedra 
linked by their edges with short Pe - Pe distances, Pig.5.4 

(a,b). The Pe . S tetrahedra form the chains, 

z  eNs7,Pe 

which account for the fibrous character of the substances and 

suggest a strong covalent bonding for iron atoms which are 

arranged in, chains along the c-axis. The arrangement of the 
alkali ions in KleS2  and OsPeSe  type is different; whereas in 

the former, the alkali and iron ions have the same 

parameters with values 0.25 and 0.78, in the latter, Cs ions 

are 0,0 and 0.5. Thue no obtains for K and St ions the 
coordination number S and for4inumbor 10, 

5.4 DISCUSSION 

Tinder the influence of the tetrahedral ligand field 

the fivefold degenerate ISS state of the free Pe(III) ion 

splits into a lower doublet 	containing the orbitals do  

and y.72 and a higher triplet deo  containing dip do  and 
du  orbitals. A distortion from the regular tetrahedral 

symmetry (Tables 8.4, Pe . S distances) will further lift the 
degeneracy of the d)  and de orbitals and give rise to 

quadrupole splitting. Prod. tWotimmpotatiOns thOcquadtu#010 

etlWingh, From the observations ,that quadrupole splitting 

is almost independent of temperature, Pig.5.8, it is inferred 

that the level separation is larger or — kT with the 



(a) 

(b) 

i ■. 	CCs  ( 52  c_, 	• Fe
3+ 

1,  

a 

FIG. 5.4 LATTICE STRUCTURES (0.) Rb Fe  S2  1 (b) Cs Fe  S2  

1 



consequence that the electronic population densities do not 

vary with temperature. 

Furthermore, it is observed that the quadrupole 

splitting decreases with the increase of cationic radius, 

Fig.5.5. The bigger oation'will normally cause greater 

distortion of the tetrahedral symmetry and thus enhance the 

electric field gradient (ENO) but this being not the case, 

there are no solid state effects in these compounds. The 

increased pairing of the d electrons for the Na to Cs compounds, 

Table 5.2, implies an increase in the crystal field and decrease 

in the gif0 contribution from the uncompensated electrons. 

It has been reported88)  in the case of a series of 

alkaline ferrocyanides of the type M4IFe(ON)61 where N = H, 

Li, Na, K, Rb, Cs and NH4, that the isomeric shift (1.8.) 

decreases with the increase of electronegativity of the 

cation. This was explained by the assumption that in the 

ferrocyanide series from H to Os the last members with the 

lowest cation electronegativity are the nearest to the ideal 

diamagnetic structure of Fe - 30°4040 19/). Assuming that 

the octahedral configuration (d2a1)3) is conserved, in the 

case of the first few members of this series, with more 

eleotronegative cation, the lower number of 3d electrons 

shields 3s and 4$ electrons to a lesser degree, whereas for 

the last members the transition of the electrons from the 

eleatronegative cation is more complete with the consequent 

higher shielding. This increased shielding will cause more 

positive isomeric shift. (There is an omission of a negative 

sign in the 1.S. values plotted in Piga of Ref.88). in the 

case of present compounds the iron(III) is in tetrahedral 

coordination (411Q) involving no d electrons. The increasing 
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electronagativity of the cation will decrease the do electron 

density at the Pe nucleus thoroby incroasing the 1.8.. value, 

which is in agreement with the expericent, Pig.8060 Thin 

conclusion is in contrast to the octahedral case. 

The existence of a transition point for KreS2  at -2800 

had been ohm by Kerlor of al.103)  . All the other compounds 

give only the quadrupole split doublet spectra pith no 

magnetic hyperfine splitting, down to liquid nitrogen tempera. 
turn. rath a view to decide the nature of transition involved 
in KPeS20  the magnotic.eusceptibility vs temperature was 

studied in all those Compound°. Our Oboomotion0 do not 

indicate any magnetic ordering or magnetic transition through. 

out the range investigated. It has boon shown by_Drtinger181)  

that susceptibility in temperature indopondont over the range 

90.500°1. This rules out the possibility of a magnotio 

transition in ZPoSe and the internal magnetic fg104:1; r,24  
presumably resulting duo to relaxation effects. 
Plan lattice relaxation of paramagnetio ions will give rise 

to the fluctuating electric and magnetic fields and if the 

fluctuation rate is rapid compared to the procession frequency 

of the nucleus, the latter will see a timo averaged magnetic 

field which is sere and henoe symmetric quadrupole splitting 

will bo Observed. Presumably the internal magnetic field 
dithioforrateo. 

The total s.eleatron density at the iron nucleus in a 
complex is duo to presence of pairs of electrons in the le, 

La, and 3o orbitals and a variable contribution from the do 

orbital. The latter depondo on the degree of occupation of 

this orbital by electrons from the 1igands and for this reaoon 
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it can change from one complex to another. Furthermore, on the 

basis of the restricted Hartmee-Pock calculations of Watson 

for iron in different valency states it has been shown that 

the e-electron density increases when the no. of d electron 

decreases71)  . This is due to the decrease in shielding of 

the 3s electrons when the 3d electrons are removed. Thus 

0) = I '1 (°) 	yl'o) 
i=1 es 	

4s (5.1) 

where k60) Is the total s-electron density at the Pe5  

nucleus in the host under consideration, first term in the 

right hand aide of the Eq. Is the contribution from the 

inner-shells and x is the fraction of 14s(0) of the 4e density 

arising from the partial occupation of this shell by electrons 

from the ligends. The inner shells contribution for different 

d configuration has been calculated by Walker et al.734 

and is given as below 

Z V) (0) 
isi " 

(in unite 
of a04) 

11878.8 11879«8 11879.8 11881.4 11885.4 

11878.8 

The I.S. 	related to lis (0) by the relation 

I.B.y.:(0) conat 
	

(5.2) 

The constant of proportionality a depends upon the change in the 
charge distribution within the nucleus dfting the nuclear 

transition. In particular, when relativistic corrections are 
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neglected, and one assumes a'uniformely charged nucleus 

g i“0/By  )(20) 2e2 (Rex  -1R1,20) 

with symbols having usual meanings, Employing experimental 

values of LS. for Ye2+  and le3+  compounds in conjunction 

with the 3d electron densities at the nucleus calculated 

using Watson free ion wave functions73), Ingalls obtained192)  

the following value of the calibration constant at  

-(4A? ± 0.05) a: am sec. 	(8.3) 

One can write for any of these compounds from Eq.8.1 and 8.2 

1's (0)Tot. 
	'11 (©)783+ 

	
i(I.s.)Tet 	(Lsope3+1 (5.4) 

where 0))1p815+ = 11881.4 a.m. is the total s-electron 

density for the free-ion 3d8  configuration and the (1.3.)y, 

is 0,41 mm/sec relative to metallic iron").. 

These are covalent compounds with Pe(III) in tetrahedral 

coordination (s0) and no d electron is being used in bonding. 

The values of 3d electron spin density as calculated fromithe r. 
molar susceptibilities are given in Table B.E. In \\  
absence of any pairing, these 3d spin densities will 4so \be 

. 
the respective 3d charge densities responsible for 	1'  \ 

's\\\  

\ 
The values of (0)Tet  may be obtained fromEge8.4 

with the experimental I.8. value and are also listed in Table 

5.2. Now substituting this value and the value of \III
(
.  
0) 114  cs 

* J. Danon and L.Iannarella (J. Chem, Phye./j11987)382) haveA 
reported this value as a = -0.021 mmbec.- Though there is 0 
much difference in this and Ingallis value, our conclusions"; 
remain unchanged even if we use their value. 

observed 1.3. values. 
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corresponding to the given number of d electrons in 4'801, 
one gets the values of x t(0). The contributions s CO) 
turn out to be negative, rhich is absurd. This contradicts 

our asscumption about the non—pairing of ad electrons and points 

out that rather Chore is Game pairing involved i.e. the 

number of d eloctrano reeponsiblo for the I.S. value is not 

equal to that obtained from thor-eftt values. We can also 

interpret this result in the sense that there is no 

delocaliaation of the d electrons and that the binding of 

contra iron ion does not involve any 4 electron as required 

by the op hybrid orbitals. 

It may be remarked that VW71) plot vhich is generally 

used to estimate the 4o character for the ioniclompeunds 

is also applicable to the compounds having tetrahedrally 

bonded (op3) iron„ since no 4 electrons of the iron atom are 

used in its bonding to the ligand. This, however will not 

hold for iron in octahedral banding (d2op3'). 7Do 4o character of 

Pe(III) for these compounds from the modified VW plot193)  

is listed in Table 5,2. This conclusion about a partial 

pairing of 3d electrons does not contradict the observation 

about the lack of temperature dependence of .6%, since the 

latter merely implies that the relative level separation io 

very largo as compared to kT nith the consequence that 

Boltsmann population deco not *bongo. 

The line widths (P.U.H.U.) at different temperatures 

are included in Table 5.1 and are in the range of a to 4r 

( r is the natural lino width of the 14.4 koV transition = 

0.095 am/sec.)Vignal16°)  carried out syotematio studios of line 

widths in the case of P0341  salts and alloved broadening of 411 



resulting from instrumental noise, extraneous vibrations, 

absorber thickness effects' 7)  etc. It is therefore concluded 

that the observed line widths do not indicate any pronounced 
broadening and the electronic relaxation rates are fast52) . 

This view is supported both by the short Pe - Pe distances 
as well as the observed temperature independent paramagnetisial? 
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Tho onprInontal valuoo of tho nmoloar qmadrupolo 

coupling constant*  o2qQ/h In tho caoo of divalont and 

trivalent Von compound° have boon ontonaivoly atillood to 

ootimato tho quadrupolo momont Q(1 o) of tho firot oncitod 

otato in Pea  °. Tho ootiaatoo of Q renaP boftna (44Lab) 

and (o04000  tho leu valuo dorivod grog Po2‘> in variouo 

cryotaloW°1°8'1384784704"72°1)  and tho high valao dorived 

frcao8+ ooapoundo202 
4) 

 trio variation laraely rooulting 

from difforonooe in tho calculatad valuoo of q*  the °mond 

dorivativo of tho oloctrootatte potontial along a particular 

eryotol directions A comparativo otiady of th000 tzor io 

pr000ntod in Tablo 0.1. Ingollo
10  conoludod from tho 

analyoio of Po871  quadrupole oraitting In tho forrouc compound 

170300.0HO that q 0 0,20 0.02b. In tho divalont otato 

(D 0 CI) tho major contribution to tho Mid gradiont neon 

by tho mama io from the uncompanoatod $d valonco oloctreng  

uheroao tho emadiont contribution arising from tho ligand 

&imposition in tho lattico la °mall. 



414 

Tam 0.1: 	 MX013 OP roati 

n . 
I 
,V0247Y03+ 	•• 
tiara invest's. 
tad 

(1006713 
(barns) 

l 

T 
' 	Rog. 

1 

Royarke 

0024 (030 0 201 Tho MOoebauor Moot 
ceoeuremente of Leider 
and Pielorn(P40. Rov. 
101000)004) are 
=planed on tho balte 
of °train todhced 
metal field eplitt-
inc 

 
and io concludad 

that Q=O.20b and not 
0.20b. 

a 	( O) 	0.21 OD 	200 	Elecnotlo giold 
Induced quadrupole 
oplittina eoployod 

100 named Good 
aaroenont with meant 
calculatione of Po(I1 
complonoe in tho aolid 
°tato. 

rop4'(ay0203) me  mo.= 207 	Moot oloborato 
caloulat1on dollop but 
iGnorod dipolo 
oontabation groa P034' 
cationic (Provioue port 
=loved). 

Pe 4(caleium , 0 0 	100 	Tho =leo of Q at 
oluoinate 	 totrahedral (Ado mo 
gozat0) 	 0.20b Lilo at tho 

cotahodral MA() it LO 
0.03b. Only aonopolar 
contribution const. 
doted. 

3 The
2 
(ferrocone) 0 17020.02 

Po21.07000.011200 

o (PeSiP OR 0) 0.10 

0 Pomo= and gorrio 047 
(Got oalobin oor 

nrtnnitn) 

1Y0 	reg, tomporaturo data 
wadi, contribution 
gran lattice 2noiudod 
bat codaleney afgooto 
anadipelocoMributioni 
itjnorot. 

109 	Velma dorivod Eton 
the (r-Ohlor valmo with 
thoaecuaptiop that 
Oro> Q 0 (e0> I 0 

P13 	On ooparatin3 tho eato 
Q(10b$:•), of the order 



TABLE 0.1 con 	od 

s 	0.1010 02 	P12 rholoar col calcula. 
Lion (Ooriollo couplina 
of tap rotational bands) 

10 po ( 4020) 	0.41 	205 Old X-ray data mood„ 
induced dipoloo =Per' 
Ica ianorod. 

200 Oalculatod only tho 
nonopolo contributions, 
used hiah tomporaturo 
OVI data, and aaoacod 
that cryotalloarpphic 
opooial position 
paracotoro obtainod for 
a-41001 (Ionia bo uood 
for a-Yo00H. 

(e4000n) 	0.20 

) 	0.277 	204 nonopole pluo partAal 
dipole (only on 04°4) 
contribution cmlaidovod 
Artman(Rof."000  anti PO?) 
havo roportod an orror in 
thoir caloulatimo. 

10 70,1(oerlos of 	0.20 
Po°4' carnoto) 

20 Do not imoludo dipolo 
oontribution an probe. 
bly cora inportant, troy 
mood room toaporaturo 
structuro paracotoro amd 
hiah tomparaturo(-4000Z) 
coasurononto of oPqQ. 

o (post .0n 0) 0.20 .02 	100 00ot olaborato analyt15a1 
aorh oo far dons on Yo'AL 
conpoundo, with rovloa 
of tho met. 
Spin orbit intoraction 
considorod but corn 
polarisation iejnorod. 
110viood doonaard, tram 0.20 0.18b. 
Burns valuo of Q vas 
motif Sod aolna tho noaly 
ealoulatodY- vatio. 
Folariaod 14.6 hoV ammo 
radiation esod„ tho 
yaw roportod 10 Q(1-2) 
and oo to oubjoot to 
snl corroction duo to 
(14), chic% will loll 
a valuo of n 0 O. GO. 

10 

10 

1? 

10 

2  

0.10 

0.13 

(a-Po208) 	0.20 

4I120) 0 	Pb 

1?? 

0 

108 
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TADLU 0.1 Oontiauod 

10 PO 414ivalont 
compoundo) 

0010 	170 	Volvo of 11 0 0.22 
caloulatod and mood. 
Thio valuo to farthor 
modified to bo 0.82 
(lof.180). 

20 Po2+(divalent 	0.18 	70 	Valuo of q c3(40) 04>d 
oaspoundo) 	 4 (4/11n8.1/aou aloes. 

with It la 0.42 aood. 
Ovalonoy0  spin orbit 
intoraotionoo  lattioo 
contribution° ignorod. 

21 Po MO and 	0040 	202 	A valno of -0.17 
0.2020 ) 	 oaloulatod for 	io 

(mod. Only monopolo 
contribution wood. A 
=cent ncoopted valuo 
of is .9.14(fl(1.170). 

Purthornoroo  is tho forric otato (680/go  Od0)0  tho 1onc3 0= 

oloctron oholl d000 not contrlbuto to tho giold gradiont at 

tho 'meow othor than through Stronhokor antiohlolding. 

Moro will bo only lattioo oontribution to tho field gradiont0 

An intorprotation mado for tho 100tnr1e ohift for 

ou;Poe00 on tho 	plotY1)0  bade to an adminturo of o-oharao 

into tho 841/ otato of about a and thud choro that tho lattioo 

of o-P01200 lo idoal for carrying out the lattioo 0 mwattiono 

aping a point ohargo mo4012). Sharma and Da02°4)  from 

thoir fiold gradlont oalculationo 'Wang into accoant the 

monopolar and partial dipolor contribution° (from 0 only) 

1ntorprotod tho rapabouor oboorvationo of quaitrupolo =onto  

Q of (3106713)3#  in pc 000  to oorroopond to 4.00277b0  in good 

ogroomont with lama.° moult. Inter an Arty an 
200 
 0  carrying 

out an idontioal lattioo sumo  ohowod tho valao of Q(Po57 ) to 

to 0.6170 end thao bringing out in °harp= foouo the forroao- 
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ferric anomaly. However. nova Artmanso Q value of 0.41b hap boon 

brought dam to oaswoos207)4 more in accord with the proviouo 

data. 

Nosik and Kaplan178)  have computod the lattice 

contributions to the electric field gradient in POIPoiGH20. 

Fo8N.740. P0012.420  and PoC12.21120 yielding the magnitudes 

and signs of the lattice effects in those compounds' Pram 

the computod electric fiold gradient in PoSiPa. 20 and the 

enporinontally =sued low temperature quadrupolo oplitting 

in thio cryotal, they have re.evalmatod the nuclear quadrupole 

moment of Po137n  to bo 00266s They alms chocod that ano 

cannot. in goneral. ammo the effect of the lattico to be 

small and in contradiction to tho analytic treatrent of 

Ingallc. the lattico contribution in this oryatal is very small 

as compared to 12 Z by lngallo) and has the own sip as the 

electronic contribution (need not be alcaya of oPPoolto 0401  

as predicted by /ngallo). Purthormore4  they neglected the 

covaloocy offocto. uheroaaa Ingalls account° for thin by roducing 

sr"3) by the factor a2  a 0.8. The neglect of oovalonoy La 

consider4178)  o Good spprouimation in the cane oft hia cryetal 

as the Pe(H 2O)S4  coma= prosont in it, le conontially ionio74  

el0.11) 

In vlou of the lack of corresponeonco hotcoon the 

forrouc and tonic .Q voluoc and the importance of lattice 

contribution to qessbanor quedrupOlo agitting co undortook 

to study in detail the lattice contribution one glint char 

point dipole model for the compounds SnVo2040  00002  and 

o4o2034 Thoso compounds !vivo iron in available for then, 

t7o have ch000n thoco oompounde with, the following 

coneiderntione. In all theoo compounds. as trill be ovidont from 



410 

tho folloning dimoolon0  tho PO+  ion io **Gantt:111y bondod 

ionicolly aria thio validatoo0  tho appropriatancoo of tho 

modol coloulationo* In oaao of 1?o34' ion, 003t of tho 

inveotigatoro bavo otudiod tho u-Yo203 compoune2t2°44°G 2°7)  
o ahilo in the Po2 coo° a variety of compound° have boon otudioa 

'ablo 	Tho Stornholmer antlehielding footarY., for 310154' 

is rocontly ro-ovaluatoal")  and a romonably agreoable value 

Jo available In tho (moo of anVoe04 and OnPoO2  all tho 

gn2460  Po' and Om
o 

lone have oithor invoroion or cubic) oymmo 

oo that the olootrio flo14 acting an theoo long to wry and 

hohoo ouch of the computation and the p000tblo complications 

arising due to uncortaintioo of tho polaricability valuoo 	bo 

=nod* All theoo ions do not havo pormonont dipole m000nto 

and tai avoido furthor uncortaintioo and complicationo in 

ealoulattono. A cojor difficulty nhich comoo in the nay of 

calculating the lattico contribution io tho propar aoolgncanto 

of tho ohargoo to tho lattloo alto and for thin a comploto 

knonlodgo of covalonoy lo roquirod and in moot cocoa of 

dioogroocont totnama thoorotiool and oaporicontal raoulto0  

covolency to hold rooponoibloi Inepito of tho diffoodn000 

of tho 0"" *harp diotributlan in theoe oompoundos  tho 

oompaotneoo of the pooitivo iono0 ao manifootod by thoir astir ,3, 

radii()  arguoe againot tho p000lbility of ouch covalont bonding* 

Tho otruoturoo lilso 010;0 DrOg0 110g0  80;76to* thoro met 

coeigncont of tho chargeo le not p000lblo aro Ow also 

avoided. The chargo coo cont to 4ifforont lattico oitoo 

corn the banjo ohargoo thomoolveo in vion of the S.oharactor of 

their outormoot orbit°, 

OnYo204  hao a typical no 	opinol otructuro and oo 

octahodral oitoo aro oocupiod by forric Jona* It io 
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paramo{notio at room tomporataro and lo favoarablo for 

=twat° cocouromonto of tho quadrapolo intorootionoo sinco 

tho olootron configuration° of BP and 17°3+  iona do not 

°moo tho aohn-2ollor alotortion214}. 2n 0urce2  (dolafonoito)0  

it hap boon inforrod on tho basin of crystal ionic radii 210 

and on oloctrootatio calculation of tho lottioo anorgyT)  

that iron is prosont in thn trivalont and coppor in ,tho 

monovalont ototo (0atPoSt0e). 2ho iaoaerio shift for Po87  

is 00o02  ica s 040g0.13 mminoco rolativo to motallic iron 

(both at 300°100  and grovidoo canals:ay° onporimontal 

confirmation that tho Iron io in tho 17031)  otago/84), 

All tho ion Ze4.0 Po 54.0  04  and Oe havo oithor 

half filled or cooploto fillod outor-moot orbit3 and honco 

havo 3-cheraotore Thoroforo a point ohargo-point dlpolo modol 

lattico cum calculation lo appropriato. 

0A/CTILI 

Ao otatod in tho introduatione tho olootric fiold 

gradiont acting on a nucleon of an ion having half fillod or 

oomploto fillod oator olootronohollo is only dna to tho 

oryotal or oolocalar Ohara° diotribution and thin rondoro 

foaniblo to troat tho  prciblom paroly no an olootrootatio ono' 

Discroto &largo diatribution (bohavina Wm point  ctarGoo) 
La nool8nod to tho infinito porfoot lattico and olootrootatio 

potontial and Ito dorivativoo* oro dorivod by tho convontional 

mothodot A dotailod troatcont of point char a° nodal is aivon 

7) 
by Eatchingo 1 

	VhAy calculation of V20 olootric fiold 
moten4e) 

grodiorct b000d on thin modol havo boos Prfomod 

in ionic oryotalo. float of th000 involvo tho our ling of 

oontributiono from tho monopolo momonto of tho 10110 and 



informotion on the dogr000 of ouc000s of ouch calculation° 

hno ofton boon obocorod by tho prOsonco of otructuroo °ugh 

co 0101, Dr0;0 TO and othoro uhich cannot be adoquatoly 

d000ribod by a monopole mocont mono. A foci atudioo Ouch 

co theeo of tho motal r000nanco360209°22192")  in i)oO A1203 
• Po203, tho niobium r000nanoo22°)  in MOB, and tho 

halogon r000nanco in a numbor of motal halidoo, have involved 

lattico with only moneatomic Iona but oven in thoao cam, the 

Qum) ovor monopole oontributiono, rhoro attomptod, havo failed 

to explain the dboorvod coupling constant. On the othor hand, 

calculation o Md-20)  an the alkali hand° noloouloo indloato 

that trio field gradiont at tho pooitivo ion naclomo io 
oabotantially affootod by cultipolo momonto, partioulorly dipolo 

nomonto, induced at tho nogativo ion. In oovoral other oa000P9  

220-2°) tho oantribatione to the olectrio field gradiont 

from ionic dipoloo Dow boon found to be important. Thuo, it 

apnoaro that if tho cryotol oymotry io ouch that an electric 

field and home a dipole =moat can oziot at a lattice °it°, 

thou ito contribution to tho olootrio field gradient cant be 

included. 

The olootrootatio offocto of higher malt ipole momanto 

of lone in a oryotal lattice have boon 4iocuocod theorotically 

and mothods for the calculation, of the oryotalline potontial 

and ito dorivativoo 	latti000 of oourcoo having arbitrary 

multicolor compooltion are avallablo230 4)  

3.3 AV= 001 113°  

'7o detail the procedure adopted for oalculationo of 

0  oho author ID thankful to Dr. R.I. Gupta of Uothocatioo Dept. 
for aeolotanoo in oemputor reocrarminc in the initial °fagot). 



no in th000 esdontially ionic oryotalo. Tho lattioo oitoo 

haw 14  =Irma to oonoiot of diooroto ri, doformablo and 

non-ovorlapping Lo iith ha= coordinatoo and lattico 

parcmotoro. Vo havo mono apt° only dipole! contribotiono. 

Tho BP0 prodmood by chargoo in tho oryotallino lattioe a -10t 

is givon by 

hat 	Sl(9000 0 -I)/i4 	(6.1) 

rhero Zi 10 tho oher6p and 01000 aro tho ophorical coordinc. 

too of the ith ion in tho principal-ono° oyotom in tho 

lattioo and the ow lo over all the low in tho lattloo, Theo *  

in en ionic matorial tilsro iron lo in tho Po otato, the BPG 

to =prowled co 

et(i.to ) (ea) 

rho o (1.-Y.) to tho Storaholmor factor thich tekoo into account 

the plarloatiaa of the iord eon olootrono by the ontornal 

SM 	
s} 

. Sarno 	modifi6d the above modol by Mowing that 

(1-X4 coltiplioo the oontribationo of f.146, arioing from the 

ontornal momonto aloe. Thao 

	

8 	Nei qd)(1̀ "'W * Stotal"") 	(6.3)  

r.oro qm = hat  and qd  to the contribmtion from the offoctive 

dipoloo at the lattice oiteo. The offootivo dipoloo at tho 

roopootivo lattice ate° are g.ivon 

	

/%ff 	.,, to ointomobargoo) 

them Wogeocharaoo) to the olootrio fiold =tang from the 

nol5hbeartmg obarcoo end offootivo dipole nomonte and a 10 the 
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polarimbility of tho ion. The values of (l and qd  are tho 

negative of the flold gradiont produood by the ohm= and 

dipoloo in tho lattice tattoo in a principal °zoo syetoo. 

To detormino them values the following procedurep vhiah tom 

bo divided into four parts for convonienco0  was adoptod* 

(1) The fiold duo to oburcoo at all the inequivalont pito° 

vas calculatod in tho first instanco, 

Cu) Then tho fiold eradiont at all Moo altos °as also 

oaloslated soparately due to othor non-oquivalent oitoo and 

not caltiplied by the °harps. Tho f.g• at other o800 

was needod in the dotoraination of affective dipolos(iii), 

(iii) Dow offeotIvo dipoles mro dotormined use tho 

result of (i)and (ii) in a °elf comiatont 	r, 

(iv) RP0 duo to dipoloe0  too obtained0  me calculated at tho 

site. 

In thelellovina m aivo 00C2 dotal's of those 

amputations in an eupliait 	or, It cry be added here that 

tho ions in all those ompounds have the folio ing olootrenic 

confiamratiore 

th,e+ 	P 
Ps 1p03023papa10  

ro 0 la chp°2323 °10 

Ota 0 lo2to2n6seu °Ni°  

oP-  0 teeoPepe  

and thine behave 114o a charged ephore for which the total 

chars° may be considored as situated at tbo contra. 

Tho ompanenta of tho electric. field at point (novo) 

due to an, ideal point Charge a at (00000) are °valuated using 

the equation ' 



(0.8) 

uhoro r 	 13-) 
tho olootrio Mid at the point noy0a) duo to an 143onl point 
dipolo n at (00000) with compononto nap 014 no  oro Oman 

ux ,_238) 

arly tho aoapononto of 

(0.0) 

Tho Bqo. 0.4o  040  clua 0.0 can bo nood to dotornlno the 
offootivo dipoloo in all tho 'attic° atop oolf.00nalotontly. 
Lot nao  for Inotan000  to!to tho c000 of 0002. Thoro aro 
four atom ire tho cryotalo  Ono  Poo  01 and 02(m). NOV lot 
as 0110030  that rIzoo 4410  and no00  aro tho offootivo diPolo 
momant oonpononto and olmilarly for othor lona aloe. Lot 

cop aft and opo bo tho polorionbilitioa of tho 02*, Oe and 
PoSo Iona')  reopootivoly. 

Rovrittina Eq. 0.40  

/offer  '3//i4porn 
	a P yaw  chargoo) 	(0.?) 

as t hero aro no pormonont dipoloo in our camps thio reaucoo 
to 

a0 
	(duo o charaoo)+ soPaol(asatc dipole) 

(007a) 

DtvVo(oharGoo) la tho z . 000ponont of tho flo14 notinc on 

onyama ion Oi dno to all tho chary° (Ono  Poo  Oi, and 02  typo) 



(all 02 	(all 02 

oltaa) 

(0.0) 
o1ola4ing tho 
angularity) 

( 
all 01 
bitoa pomp/ 
tho point of 
oonoidoratioa) 

Sag 
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in tho lattiop ophoro aolootod for computationo, Algo 

Pnol  (dipoloa) ig tho n-componont of tho rigid acting duo 

to orfootivo dipoloo gitaatod at all tho Cup V00  02 and 02  

alto° in tho gamo lattiog. 9hogo co can mita oaplioitly 

as follocat 

(ohartog) 
(all Po 
atm) 

2 2%  horn r1 kn714.01,
1/2 
 is tho =labia diotaneo of all 

tho Vo gitog from alto or 01 andor congidoration6 Similarly 

g o  rap and 243 aro tho variablo digtanoog of Cu, O  and 0 

Similarly V 	(dipoioo) can bo mrittaa ag 

Vol(dipoloa 4, ( 	) nuye 	rip  
all Vo va 
aitog 

Dalai  
atspo) 

'Snaps  

ra 	311/4  
a 

	

3n zg 	Str 7 - 	-Su cl 

	

A 	45 d 	4 
l 

( 	
02) al Og 	 ° 

N4WWWWOMMWOMNOZee 

9  
4 	 d 

atoo 
(04) 

Similar 14$ for V70 g
a01 and alas for pan  Om cad 02  atog 
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aro tritton out. 2horo cll bo in all te Ego. and 

conotitnto a pot. flow all coopononto of tho typo E 	and 

E 82Ea! aro alroady compatod in (I) and (ii) and 

UnovIna tho value° of c100 sou  and ago, gm) can oolve thiolgni3 

matrin to alvo tho offectivo dipolo 0000nt compononto at tho 

Otio  Poo  01 and 02  atop. 

Uo mcmrhomo a lattice with oitoo characterisod by 

thoir roopoctivo charge° and offoOtivo diPolo 120=31400 and 

both th000 contributo to tho olootria flold-grailiant tonoor 

ditch lo a tracoloos and oyanotrlo coma rank tonoor vith 

fivo indopondont coopononto, 2ho compononto of q arc 

obtained by difforantiatima of Dqp.0.0 and G.3 oo that 

OPT, 
gnu 4"b1"1"— on  

OP 
0 %in  oto. 

Tho ionorai fornalao23  con bo mitten ao follow 

Bo 

 

%Tr  21.37k42)....to  

 

040 

, 	.22123. cs 

2h000 	oan bo oummarlood in ano 

oOrir 

q. as 

(0011) 

    

0 D O 
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to diroloa  

8( 2.4:2)0121037 
(ato 

er 

.31622±22i!1.....'e° rela)1 

3(002-1A)(xlerYzals 

2±22.1.1257.2.25.1. 3(97 S/1:11) OAP) 

211242.5=2,11. va  0 	
y
7  

Tho oloco to of q(=qoo q) aro obtainod by tonna into account 

tho offoot of all tho oitoo within a oolootod aphoro around 

tho Po ion*  each alvoo oonvorgont volaoo, Tbo 9z =Ariz .i 

io forcad and 41aaonolicod by a rani tary tranaforrationo Tho 

oiaonvolaoo ropr000nt tho principal voluoo of q and tho 

coulano of tbo olaonyootor matrix alvo tbo oriontationo of 

tho principal zoo with roopoot to tho orthoaonal amp 

of (210700). 

Tho pr .ice valuoo aro doolanatod acoordina to tho 

oonvaation that qss  La =1=3 and qlrn q 	Tho aoyonotry 

rater loan than bo found by tho onpr000lon 

71:3 (gan g)Trio 



The o ritc ntally obeerved quadrupole ()plating 

con be =premed ao 

2c l( 	) 0 (1. 7/2)1/2 	(048) 

This eapresoien to only valid rthen there to no ratio 

interaction. In the latter case it lo not very may to 

extract the value of 0.3. (Chapter /) and in only %mica 

0800 it can be exactly evaluated. In cam) of an axially 
symmetric f.g. (ao is evident fron the point myr=etry in the 

case of c4100) if 0 to the anal° bottom the mosnetio field 

and the t-directien of DPO then Q.S. can be expreseed oo 

	

0,3. 	020 (1.Y,0)(800080-1) 	(4.14) 

D01017 a temperature of 2004t0  a-P02013 Were= the 

Uortn (opin flip) tranoition in which the epito bococo 

aligned parallel and antiparallel to the c.aziot, the axio 

of 31200  and for thin case 

	

04. 
	02cyl (1.14 	 (0.18) 

which to the same On in a paramorpetio eompound with t tally 
oymmetric IPG. Above the Uorin tram:1Mo% the opine are 

perpendicular to c-axio and thus 

0.8. (0(1 1,4)(1 	 (6.10) 

Subotitutina the volute of go  and atilloing the 

experimentally observed value° is Hq.(0.18) (or 0.10) ao 

the cam may be)0  one can obtain the value of Q (PP)). 

It lc to be noted that the Input data for them 
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calculation° are the exact valwo of 'attic° paramotero and 

voitiona of the lattico tate and prooloo vain° of the 

polarioability of tho reopective Ion* Tito 13P0 oompatationo 

are very moitive to Owe paramotoro15(4207 
10 11 

It may aloo b° notod that al the formulae given 

the proviouo diacusolein are valid only for an orthogonal 

pot of amo and otructuro promoter° of lattice °it= having 

symmatry lover than cubic °Wald be fiat tranoformod into 

an orthojonni oot Rollottne)  haa dorivod a oimplo trona-

formation matrix for am general, oymmotry and C3 have modo 

moo of thio dill° doing calculationo for 00002 and 

a40203. If va tate a-ania of the Wired orthogonal 

coordinate ortom parallel to a ania and 7 auto to in to 

plan° than th ranoformatioa matrin L can be mitten ea
P30) 

a °lap °in Y ° 0 	0 

as oinpac3 Y'3 	b of ne 	0 I 	(0,17) 

a mop 	b ocoa 

	

chero apP and '( arc the intoras 	=glop an 

coo 4 	(coca coop 	)/gain 014 

and 	oin 1G  (1.4408  Y°)//1.  

ficiao° t.-4 have tatma the pooltivo value for 

the aq.root. Thao the coardlnataa in the &mired orthogonal 

coordinate =Jo oyatom x are givon by the following tranofor. 

Elation oquation 

    

    

   

(GM) 
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ALVIIIMALLMaa9S 

(a) Won% 

It I° a norm' (vino' and tho 241+ ion at tho D pito to 

commanded by oin °mon lona nooriy ootohodrallY0 but tho 

point oymeatvy io trional mith ito ciao in tha tii 

dirootiono 2ho opaot moue") go  OhPdaa cn tiro aro ofcht 

moleoulo° por unit col lo Tho oleht A pito° aro totrahadrall7 

coordinatod tut point oyo:ctry 4 33 chloh eivoo cour flold 

and noro olootrio :told 	lonto Tho 10D oltoo haw tri3onal 

air=tryo  9l Q. tha pvinolpal onto of tho fiold grodiont 

tonaor is alone  0.11>o All tho diroctlon° °ions tho few 

body diagonal of mho =oar mith ac ucaa grolmonay ao tho 

an/quo aniop thuo rot 	 to ovorn11 oubio 0Yr=t14/41 2ho 

32 moon altos to aporfclot optaal mild fora a faro ooatma 

cubic lattioo but Baia to ooldon acklevodo 2ba olco of tho 

acre is tbo on:11 A oltoo con000 a dioplcoocont of tho 

four ourroundin5 onycon Iona alma  tho 011> Airoctiono 

Tho cubic oycnotry of tho A alto to rota' nod hut tha ootabodcal 

of ozyjon ion, around tho D oito boopaao diotortad and chaneo° 

trio trieonsl oomponont of tho oogoao Tho =mon pooitiono 

aro oharaotoriced by a paranoter up idoally oval to SA 

and halm Point ay=otry Soo Tha otru taro io dofinod b a 

poramotor u and op tho unit coil lon0h 

Por 200206 	0 cud aidu co 0.303g 

Trio poi:titian° of 
	3 	

aro aima ao 

C 	ions at (3f) pooitiono: (00100)0(W) o Poe, 

Po lona at (100)pan 10301 (4014)$(1 	( 	ond 

6940 o 2o0o 



02°. iono at (32b) pooltionol 6102001(1107:0142407)40;001 

)5(-4I14 +141 

( 41.,* +11)8q 144.14 

P.O. 

P.O. moons roptition about 

tbl 	1) and (go 

2110 'Qt/5  duo to char oo vao aaloulatad frog tho diroot 

lat 	pump and tho valnoo oo obtainod aro plottod in 

Pia.o.. co a function of radio of ophoro of calculation. 

7o 000 that tho wan= oonvorao mory oatiofactor117 cad th3 

contribution to q030 child doina  iron 00g °ger° to GOR 

io l000 than 1/01 cAlo vain° of o o(ohartgoo) at GOR lo 

0.105094n1024 oou/on90 	oaii;fina oat th000 ooloulatione, 

thorn apimiva 0 papas by Eason and Uhltfio142%), Shot'  

roportod the 'attic° oun ooloulationo and inolndod the 

dipolar contribution to tho fiold araiont, flytoUlna CL 

oli tly difforont approach to tho probatao Choy oaloulatod 

th000 lattico own aa a function of diotortion parocetor. 

Vron the oaporirantal valmoo o quatimpolo oplittina and 

ticommin3 OP067p),13  048b and for tco difforont voltage of 

polcrisability a of moon 1040 thoy datorninod tho valuco 

of diotortion paramotoru for 311170204  and their ontraotod 

valuoo of distortion pirat,tor u tor th000 spinalo eras 

nenopoloo on1 	nonopolo diYolo 

02 0 . 	o.sso o.saga for 0-4001210424omP) 
 00370(1 for 0-0204n1044opP) 

06'0204 	° 0400D 00306(a for 04-01,D1n10. 40) 

0.80a for enz$204a10-MonP) 
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!Moon and Vhitflold obtainod a good agroomont 

botmon tho yahoo of (flotation parametor cs obtainod by 

neutron diffraotion (11 0 0.3e3g0.000243) and that Obtained 

from the IlOoobenor oxperipant Cu a 0.380) coon tho oa.a. lo 

calculate( by taking monopolar contribution only. licmavor0  

vim the dipolar torso oro included the agreonant b000moo 

poor. Thoy opeculato that the dipolo tor to a largo 
ontont 11111 bo oancollod by induced quadrupolo nomonto and 
covalonoy 0  rich aro not incladod in their calculationo. 
To oupport thoir opoculation they havo attod the mato of 
quadropolor ontritution calculatod by Brun and 0afnoy NO)  

in OgA1204  from 0 long end thoir moult° ohm that warm-

polar oontributiaa io pooitivo in comparioon to the nocative 
dipolar contribution. In prinoiplo contribution° from both 
. 0 and Pogo   Lena ohould bo ooncidored and ooneoquontly0  

valuoo tat bo maigno4 to their quadrupole polarisabilitioo0  

00  and ppo. Unfortunatoly0  thorn io incoufficient data 
availablo to Mau novo than a rough ootimato of th000 

quantitioo to bo =to. Couplod with the uncortaintioo is the 

volt= of aq  the numerical =alto of ouch calculation ° are 

of only limitod valuo at the pr000nt tin°. 
in viola of this oo have not attooptod to colculato 

the dipolar contribution In ZnPo204 and the valuo obtained 

for Q(Poil io that iron the nonopolor contribution only. 
Tho valuo of the oloctrio fiold gradient q actin '41)  

on than alto coo oetioatod by Oinoguchl and TanakaF4I) under 

the point charge nodol taping the trigonal onto ap the 
Principal antes Taking into account opt° the fourth nooroot 
noighboure (a diotanco ofe-10n) and uoing tho valuo of anti0h44 

iolding factor '(0 	0.170 it zap concludod that there in 



4.000303 
(obaraeo cn11)0.0 0.100b 

3.010027 060 0.000b 
(Total) 

0,270902 0.0 0,801b 
(oltarvo 047) 

-132- 

qualifativo agreocont batmen tho mound (OM mm/000) 

and tho calculated yam) (0.00 mm/coo) of Q.S. In our 

oalculatione9  vo included all oharpo within a °ph= of 

002 arowad an Po84' ion and wad tho rovloo( valuo17°)  of 

Yoo= - 0.14. Q(PoRLI) oatioated from tho valuo of BP0 duo 

to champ only is 0.228b, and lo Oven in 2010 Q.2. 2ho 

valueo of EDO tonoor9  tho principal valuos (oigan-valuoo) 

and tho otaon Itectoro aro givon in 2abloo 0.3 and 0.4. 

TAB/3 6.2 AM. U' 	A 

ti;31()9.t.  Oompound  

(at 30001) 

3n Po 	0.80iD 01 0.490003 0.0 0.220b 
(charGoo only) 

 

(130 
11:1 1046  
(o.o.no)  

 

(1(1)0°7°) 

   

   

OnPo02 
(Dolafcaolto) 

oemotoolab  

0=006024 

(a) Rof  (o) Rof.207. 

0.0 0.03104721 0.00194721 

0.00194721 0.0 045194721 

0605104,21 0.08104721 0,0 
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?ABM 4.4s 	z4  0. 	V" 4n8 OP TH3 3r vinsga 	Tlo 

no 	a00OA 	co 
(in units of o 	10"'' o.o.u) 	or.r.t. to a b o anoo 

-0.03194721 0.M88888 0.20140337 -0.70893E06 

C171 .0.03104721 umiamo 0.07730029 0.37733026 

40010369442 -047000393 0.79120090 -0.22121304 

(b) a-PogOD 
........ 

Con ma Ohlrano"4)  havo coasuroa tin atoalc 
coordinator) of tho Lana in V0205 ming tho noutron diffraction 

toohntquo 	Thair roou1to will bo mod rathor than tho 

provicuo Z-rgy corh of Paolinc anti liondrido 	Artman °0) K) 

hco mod tho It-zay data of Uounhao and Y.M. datoan241°). 2ho • 

c-'0203 lo ipomorphouo to'Alp0o and, hao a rhortohodral 

()tract= with tco aoloculoc or unit coil. /to °yam 

in 9 4 	p or oivalontly go ana tho ato= aro in tho 

foilowin4 pooitiono 

Iran <AO t (uo mon); no 	no 	n) 

With VO alto Ormatry ao O3 

Onygon4(c) I ( 	0 I*) 

with 	0•3301 z 0 0,.02 (lattor road to 
0.030)1 a 0 0.4248 and a = 00°17'  

2ho tramformation Darin of 1414.17 turno out to bo 

/0.70000 000 O.0 \ 

0.2900 008P108 0.0 
Oe WOO 043EO 1,0 / 
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thoro tho valuoa aro in Anita of 00  the lattieo paramotor. 

2ho valmo of tho I3 toroor (from ehardoo.only) aro 

compatod and diagonaliood oovorind lattico aitoo in 

difforont aphoroo of radii fro3 402 to CO2 and aro divan 

in 2ablo 0.3 

1 40 0.020412 0.284830 , 0.0 

2 30 -00020300 0.201322 0.0 1.63 

a 00 0.001403 0.270107 0.0 0.73 

1 70 0.006070 0,277790 0.0 0.32 

a CO .0.012442 0.27000? 0.0 0.30 

Vo 000 that thoro io only 2.0/, incroaao in tho raw of q53  

rAilo doing from 40g radio° ophoro to that of BOR ophoro 

and Clio roduooa to 0.3% only rihilo dolma from 70R to COR 

attar° and hone° oho= a good oonvorgonco. Unfortunatoly tho 

oonvorgonco could not bo aohiovod in flad MUMS 0A V03.  

10n0 ao 000A from the Tablo 0.00 Rather thoro aro mach 

esoillationa in Ps  valuoo reported in tho Tables. fto oaro 

caoo lo pith field on 02°* 10003 To avoid thlo alai convoro 

gonco in diroot oammationo  Ulaboor and dolotto247)   have 

advanced a mom rapidly convorgont lattice min proeoduro 

involving in part Donation over tho 1A70=0 lattico. !Moir 
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invorso poor of r(radial diotanco) l000 than 0. dot otto
248) 

has also advonood a method of plano.sioo emanation chich 

be utilised in dotorainina tho dipolar contribution to IWO in 

a 41am:trio cod.% botroon the parallol plotoo of a 

condonsor. Artmn
0  bao ontondod tbo cothod of Vood

240) 20 

of grouping tho noloculoo in tho cluotoro of soro charm) 

and ooro dipolo 	nt and ben got a vory rapid convoraoaco. 

Baoldfo method lo a aonorol tochniquo uood to ovorooz3 thlo 

.00nvorganoo difficulty and ro plannod to apply this tochniquo. 

Milo Going Moo caloulationo co r000lvod a proprint from 

Prof0000r Artnan°0  vhioh 	pabliohod lator in Mr:nov.237)0  

in each hahoo rovicod his.proviouo calculationo
200) 

 to 

viotr or =featly very accuratoly dotornino428°)  X-ray data and 
P01) 

tho olaborato U6sobaue 2oot maouromonto of this ompound . 

Tho vain° of qaadrupolo conollant o obtoinod by anon-linoor 

boot oquaro fitting of tho data at root: tonperaturo roportod 

to bo
20) 
 

20 = 0.000 20.024 aphoo 

Carvallo° ofAss(ohargoo) aro in good earooaont to 

5 tho Artcan valmoo20)  bat aro oonoidorably lovor than tho 

vamp oaloulatodj baood on tho rocont R-ray data 
NO), Tho  

nino oonpononto Of tho WO tonoorp the principal oicon-valace 

and tho olgurvootoro aro roportod in Toblo 0.0 and Teblo 

0.7. 
are 

Tho valum of Q obta exinto also given 
	

0.2 

0  Tho author io thankful to Proforma 4.1. Art an for  thin 
hind help. 

procoduro unfortunotoly usually io.not oonvorgont for 



) 
The largo value in comparloon to Artman 

0 can Sao amounted 

on ft* countat firstly a loos accurate value of coordinato° 

and eecondly non.incluoion of dipolar contribution. 

TABLE 0.0s 4 r4 	S OF 	72t T1138011 fl tO 

04 

-mason 
.0.00844147 

0.02774328 

4.00834 47 0.0P774328 

0.01183370 0.04388901 

0 04385901 0.04347804 

.0.130500 

.0.138488 

433 +0.276987 

0,913398 

04.377700 

0.181004  

0.243303 

9.008329 

0.800000 0.827490 

rt may be romarkod h 
	

had noithor the meta  

nor the oxygon Lon is at a contra of aymetry oo both eon 

have inducod dipole momonta and a moro precise vork ohould i scluc 



tho contribution from both cation° and MOW and not 
0  

meroly from ani 	
03 0?) 

ons 	Rocontly Hotta?c  has fopeatod 

the BPG calculations of c4o9.03  and has aloe includdid .tho 

induced qaadrupolo contribution* HU remits markod/diffor 

from them of Artman of a1 W7)  

() 000 

Delafcsoito (00102) to rhombobsdra1 142514)  vith 

a ei 5.9029 a 0 29°24 or in tho,hexamnal doocription all  0 3.03g0  

17.0d. is cwt toll contains 1 00o0 with 

Ca at (00000) 

Po at (1/20001/0 

and 
	0 at t(n0n0x) pith n = 0.111 

2ho iron hao octahedral coordinations  ;hiia the 

copper tro a 1inocr tto Gold onyaan coordination. The ovaon 

to ourroundod by totrahodron of 8Po and 1 Ca. Thao copper as 

rail to iron both have an in 	synmetry and thus field 

on th000 oitoo vial be nom 

Tho tranefornition ritrin in thin ( ombohodral) CODO 

turns oat to bo 

.0492 0.0 0.O 

0.228918 (
0 

0.49141 0.0 

0.d7095 0.20098 1.0 

Beforo roportima our rooalto me nay point out that thoron 

10 to aonoral consonsuo over the yaw of as  to be /gallon in 

theca modal caloulationo. Milo Sharma and Dae
204) hao mood 

the van° 2.19n10
-24

om3 obtained Zrt 0 inDo00  ArtmanP°hco 
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proforrod tho valmo of 249/n10724cm calcmlatod wing 

Olamolmo.O0000tti roietion makimg two of rofroctive indom 

wino. Rocontly Tormabpolokii and 9onovtoov211  hava oalomlatod 

tho UPO in 13112005 otto and ham mood tho valuo of as ao 

2.42.1044omP. Co haw mood theoo two* vatic* and ono noro 

8.0m10-260 to pooh tho polarisability dopondonco of q. 

7a moo from Tablo 0.0 that tho id  incroases in nagnitudo 

with tho Miorooao of pvlQrtEabilit valmo. 

Tho valmo of fiold con.. no acting an 0 ion and 

tho qas  a (chargeo) acting on Po3+  ion in tbroo difforoat 

°rho= of radii 01070 and OOR aro tabulmtod in Tablo 0.0. 

Blsotric flold on Q„ Ito 
Rclimo Amos 	1.Q o "10 0.o.m  

p A 

 on Po altoqoa 
n1044  o.o.m. 

01 0,08044400 0.00082088 0.24000728 1.042024 

70 0.08920000 0,00170321 0.23809814 1.040907 

00 0.03744289 0.00080274 0.28107800 1.048345 

Oho valmoo aro nor o con at and we haw wand, tho 

Ilan  and pull 	 of pa  of ed orlon to calomloto tho valmo 
of tho Q roportod in Pablo Q.Q. '7o hovo oloo proparad tho 

Tablo 6.0 containing valmoo of qsa(eharG00)0 goo(41W2ea) and  

q00(total) in tuo difforont ophoro of radii 180 and 302 with 

difforoat polarloability valmoo for camparioon. 



TOM 0.10# 	,..z.614% P.A4 
149114.111M0 

0 +U 0' 
krt„,r 

oR 40,„ s • t. 
VarteStz 

aa OnIX* AIL VAL 

TABLE 0.9: OTIPARIC011;(17  fass 0BEA)0  
rti;21 21/31111)3AnD 
ID 2 
11 

1 2.10 1.132019 1.010303 1.6924`70 1.071830 2,724408 81714000 

2 2440 1402019 1.043303 1.070770 1.700270 2400703 2.0020P0 

2.01 1.132010 1.0433(13 1.940438 2,080410 2.083410 2.000071 

3.00 1.152019 1.0000D 1470294 3.010914 3.010010 3.0100P? 

¶10 note thnt thoroao thero 10 difforonce of 06076 

in cion  (oharcioo) of 1511 and COX this reduces to almost nogliaible 

i cano(total)i This tea bacons° that hero in this compound the 

calor contribution to the BM 00t30 from the dipolar torn. 

This prodominence of dipolar ontribution is not unconventional 

In tho literataro. Random and Vhitfiole°  end Taylor and Dag")  

have reportod thie situation in $00201i  and Bo0 reepootivoly0 

In BO the point °harp ecntributeoPel)  only ono tenth of tho 

total °boomed MG, Tho'nino components at the N20 tomer°  the 

principal elsonvalues and the oicenvectore aro roPartod in 

Tablo 0.10 and 0611 raoPotivolSre 

.1.00880171 0610102200 000572277U 
(.0.40071415) (0,00048730) (0.22006120) 

0.18102205 4024047007 1.09042120 
(0605940750) (-0,42503803) (0087001005) 

0603722775 
tiN ^nA^ri*eNoll, 

1.00042120 
,^ cillmeorwl‘ 

2602902770 
fiN ormwoolo 
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TABLE 641: THE PRINCIPAL VALUES OP THE EPG TENSOR AND TIM  
irrattirxtratunisilonatixtrki 	liCRIAL 

grffr-riiiirin="0 	TilittablOkfCiat 
7v1- 	a 1111 e 

Prinplpal valuos 
ria"114  eassu. 

Direction cosines u.r.t. the 
arbitrary orthogonal axes system 

%a= 

-10484837 
(4.521768) 

-10533790 
(.0.521504) 

30018627 
( 1.043363) 

0.955475 
(0.742604) .  

.0.254921 
(-0.652343) 

' 00148616 
(0. 151620) 

0.212405 
(0409400) 

0.943876 
(0.752009) 

0,2828g3 
(0.251046) 

' .0.204738 
(.0.277707) 

.0,210035 
'(-0.094031) 

0.956017 
(0.956027) 

A lattico sum calculation of qzz(obargos) has boon 

4) carried out15  by using a quadrupole moment205) Q = 0.41b. 

The calculated value of Q.S. (+1.40 mm/s0o) &I highor by more 

150 than a factor of two than the °oscura& value 	(0.656 i 0.15). 

Our calculated value of qzz  (chargoo) is the same and obviously 

yieldo the value of Q(Pe8m) to be +0.20b0  Table ea. 
It may be remarked that the lattice sums are very sensitive to 

X-ray data; a ohange of value of x coordinate of 02-  from 

a111 to 0.108 can satisfy the room temperature value. The value 

of Q obtained from the qtotal is very lou and we speculate an 

analogous situation Icing/11204 whore quadrupolar contribution 

and covalency ray partially cancel they dipolar contribution 

thereby increasing the value of Q. The importance of quadrupole 

term is also pointed oat by Das284)  as voll as 8h0l1234). 

000 OQNOLTJSIONS  

Pram the discussion it is clear that the lattice sum 



calculationa aro vory oonaltivo to tho proolaion with chloh 

tho pooltloa coor(inatoo of tho loop aro dotorninod. It has 

boon vow troll domonstvotod by too *any of valmo of 1100(obarcon) 

a-'p05 fres tizo mow toff Iirtr414-000P07), tha =Latin of 

dlotortion pavamotor 	n in Etd7o204 and CdPop04  ond 'ho 

chow in x paracator of mitt= aoordlnatoo of omen ions 

in CaVo00. 

Dmrthormoro thono taro 3100 oonai.tivo to polaricabillty 

of Loss and Immo an =mato voluo of this par=tor io 
bichly doolroblo for any meaningful cone/4010ns Ac 000a 

_have 
-cnd Zhitflold .Z pointod out that in a= C0300 (ao in SaP0206) 

It lo p000iblo that tho qmodrupolar torn noy co fool tho dipolar 

toms and 00 hichor tdb ohould also bo includod in a (Jcaploto 

'VOCt'3W1 of 'ho prOblo14 It 1a cal tnora that tan dlooroto 

doforirb10 end non-ovorloppinG point chary Dodo' to not roal 

ta tho peopor oonoo ana Moro lo alum° so:a oporlappin3 Of On 

icms and ttlo thn offoot of oovolonoy ohould also bo tam' 

tOto mount boforo any cnaninGful intorprotation to undo. 

:Mrthornoro c pointod oat by Artnmn it may bo oddod that thn 

lonlo calol to tho aatmol intoractions in cryotolo to Qt ito criado 

in sosparlson to a conploto naBoodor.ozhital teaatmut 

aotovorce ()lamina out thlo lottor proarom,loado to conooptuol 

and conventional difficaltloo. Thcoo calculations latch havo 

actuality boon, no40 to flats roquircd approximations vith 

unoortain validity 

gto voluo 02 Li° also vory lory and lo doolsivo footo2 

and oo shalt bo wry ocuotoly knovao Wortnnatoly, thoro la 

is smfficlont data =anal° to ollou 	thon a romdh 0014c3to 

of tb000 qmontitloo to bo do and thuo tho nucarloal =tato 
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of ouch calculation° aro of only United vales at tho prosont 

time. 

Tho variation in the yahoo of Q obtained Moro loavoo 

up inconcluolvo for apoigning nay definite value to Q. tie 

further conjecture that the point charge-point dipoles model io 

inadequato to give ceaningful result° in vim of tho laclt 

of (1) preoloion X-ray data (to vhtoh tho calculation are 

vorY oonsitivo).(ii) cell-defined valueo of offectivo chargost  

(iii) dipolo polarisability, (iv) quadrupolo polarisability, 

and (v) covaloncy factor° accounting for tho actual ovorlappina 

of tho atonic orhitalo. 
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Fig. 2. Splitting a d orbital in a crystalline field. 
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Fig. 1. Temp. Dependence of the quadrupole splitting in iron tutton salts. 

a lower energy degenerate triplet lxy > , Ixz > , 
Iyz> called t2, levels and higher energy degenerate 
doublet Ix' —y2 > and 13z2 —r2 > called e, levels. 
Furthermore if the octahedron is a distorted one, 
-a small ligand field of a symmetry lower than cubic 
such as axial and rhombi& will lift the degeneracy 
of t2, and e, levels as depicted in Fig. 2. 

eg 	( x '_y  2> 

50 

The temperature dependence of quadrupole 
splitting is interpreted in terms of the temperature 
dependent occupation probabilities of the t2, 
states by the sixth electron only. The thermal 
transition times between the t2, levels (10-9-10-" 
:sec) are shorter than the quadrupole precession 
times (-10-8  sec), hence the effective field gradient 
is the average of the contributions from these 
states each of these weighted by Boltzmann factor. 
Denoting the energies of the t2, triplet by E0 , 
E0 -EkT5 , E0 H-kT2 , the substitution of the ex-
pressions for q and i  in eq. (1) and the insertion 
-of the Boltzmann factors yields the expression for 
,quadrupole splitting') 

dEe = eQ(1 — r) 

[1 +e-2rir +e-2T2/T_e-T,IT 

	  <1.3 	2 >ad , 	( ) +e-T + e-y,  T2/r] 

The analysis of the experimental data employed 
the following values: 

Q =0.29 barn ; r=.42 and <r-3>3d=5.1/ag . 
The experimental data was analyzed by compu-
terising the program and the eq. (2) was found to 
be satisfied by several combinations of T1 , T2 at 
the observation temperature T, but the final choice 
of the set was guided by the observed temperature 
dependence of the quadrupole splitting and the 
available results of Fe(NH4SO4)2 . 6H20.2) The 
characteristic temperatures of the t2, levels are 
given in Table II. 

Table II. Characteristic temperatures Ti  and T2 of 
t2, levels of Fe2+ in Tutton salts and the ground 
state orbital wave functions. 

Compound Ti(°K) T2(°K) 
Ground state 
orbital wave 
function 

Fe(NH4SO4)2•6H20 230 300 I xy> 
Fe(KSO4)2,  6H20 260 340 Ixy> 
Fe(RbSO4)2 .6H20 240 310 Ixy> 
Fe(CsSO4)2. 6H20 220 290 jxy> 

In order to decide the ordering of the energy 
levels it is essential to find the ground state wave 
function. The ratio of eq for the doublet and 
singlet') is 

eq (singlet)  = 2.0 , 
eq (doublet ) 

13z2 — r 2> 
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By comparing the low temperature (81°K) values 
of quadrupole splittings with that of Fe(NH4SO4)2. 
6H20, we infer that the ground wave function 
assignment in all these cases is the I xy > 

S 4. Discussion of Results 
The values of isomer shift at different temper-

atures show that it is independent of temperature 
within the accuracy of measurements for NH4, K 
and Rb salts, whereas the slight slope of I. S. 
versus temperature curve for Cs salt : 2.3 x 10-15/°K 
is due to the time dilation resulting from the mo-
tion of the emitting and absorbing nuclei. The 
Fe2+ ion being surrounded by the distorted octa-
hedron formed by 6H20, the varying electronega-
tivity of the alkali cation has no effect on the value 
of I. S. 

The values of the characteristic temperatures 
T1  and T2  are not unique since these are based 
only on the analysis of the quadrupole splittings. 
It is desirable to analyse simultaneously the Mos-
sbauer data, the paramagnetic susceptibilities and 
the resonance data (if available). 

An attempt is being made to calculate the tem-
perature dependence of 44 in case of spin free 
Fee} compounds allowing for the spin-orbit coupl-
ing interaction, crystal field interactions of low 
symmetry and the contribution from the surround- 

(Vol. 24, 

ing cations and anions in the crystalline matrix 
and the results of the calculation will be submitted. 
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Mossbauer spectra of naturally occurring mineral chalcopyrite have been 
studied over a temperature range 300°-448°K. The spectra showed a typical 
pattern of six absorption lines due to the internal magnetic field. The Q.S. 
have values which are independent of temperature whereas the magnitudes 
of the internal magnetic field are 325+10,312+10 and 290+10 KOe at 300°, 
373° and 448°K respectively. These features are explained by assuming that 
Fe atom is in a spin free, trivalent state in weak crystal field configuration. 
The internal field is accounted to originate primarily through the Fermi 
contact interaction, Hc; both the Harp. and Herb, contributions being zero. 

§ I. Introduction  
Chalcopyrite, CuFeS2, a well known semicon-

ducting' copper mineral with ZnS structure, has 
been a subject of intense study regarding its electric 
and magnetic properties.2) Neutron diffraction 
studies31  showed it to be antiferromagnetic with 
the part.  for Fe equal to 3.85 /LB  and Neel tem-
perature of 550°C. Furthermore thermoelectric 
power measurements21  suggest that Fe atom is 
principally covalently bonded with sulfur atoms 
in the tetrahedral (spa hybrid orbitals) structure. 
But there exists a controversy regarding the 
valence state of iron atom. From considerations 
of lattice constants and ionic radii of cations, Paul-
ing and Brockway') considered that chalcopyrite 
is a mixture with two states CuIFeIIIS2  and Cu" 
FeIlS2, the iron atom resonating between Fem 
and Fe" states. However, the neutron diffraction 
studies indicate that iron, atom is in the Fem 
state.31  This mineral has the desirable features of 
being a semiconductor and an antiferromagnet, 
which render feasible the detection of two charge 
states Fem and Fe" through the magnetic interac-
tions. In addition it is desirable to account for 
the sign and magnitude of internal magnetic field 
at the Fe nucleus. 

§ 2. Experimental Procedure and Results 

The specimen was naturally occurring chalco-
pyrite crystal selected for its purity by ore micro-
scope examination. The structure was examined 
by X-ray diffraction and tallied with that given by 
Pauling and Brock way.4)  

The spectrometer employed a constant velocity 

* A preliminary report was presented in the Solid 
State and Nuclear Physics Symposium held at I. I. T. 
Kanpur (India) in Feb. 1967. 
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Fig. 1. Hyperfine spectra of naturally occurring 
Chalcopyrite. 

Table I. Isomer shift, quadrupole splitting and 
internal magnetic fields in Chalcopyrite at various 
temperatures. 	Source: Co57  in Cu matrix. 

Temper- Isomer Shift Quadrupole MInternal agn etie  
ature splitting Field 
°K mm/sec mm/sec Kgauss 

300 —0.03+0.02 0.05+0.02 325+10 
373 —0.03+0.02 0.05+0.02 312+10 
448 —0.04+0.02 0.04+0.02 290+10 

cam and was calibrated by using natural iron as a 
standard absorber in con junction with the data of 
Preston et a')  

The spectra were taken at temperatures 300°K, 
373°K and 448°K and are shown in Fig. 1. The 
values of isomer shift, quadrupole splitting and 
internal field are given in Table I. The data at 
higher temperatures could not be taken as the 
compound starts decomposing before 300°C. 
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§ 3. Discussion 
The values of I.S. measured with respect to 

Co" in Cu are of the order of 0.03 mm./sec. As 
CuFeS2  is a covalent compound and in the case of 
covalently bonded compounds, the values of I.S. 
for divalent and trivalent iron atoms overlap') in 
this region, no unequivocal assignment of valence 
state is possible on this account. 

Iron is covalently bonded with S-atoms in a 
regular tetrahedron as regards the crystallographic 
structure. But CuFeS2  is an antiferromagnet and 
the magnetic interaction will make the symmetry 
lower than cubic as in the case of Dy",  in dyspro-
sium iron garnet and Tmi" in TmFe2.8) The 
covalency between iron ions and their ligand 
neighbours plays an important role and the stronger 
the covalent bonding of iron. ions, the smaller is 
the value of quadrupole splitting.9) Thus the 
magnitude of experimental values might seem to 
be explicable by considering the iron ion to be 
Fes+ with covalent bonding, but such a view is 
untenable when we.  consider- the temperature de-
pendence of sphttings in a tett.ahedral field. In 
the tetrahedral ligand field the fivefold degenerate 
levels of free Fe ion are split info a lower doublet 
called d1 orbitals and an upper triplet called de 
orbitals. The iron atcinn.in -the divalent state will 
give temperature dependent quadrupole splitting 
both in the low as well as high field configuration. 
Furthermore the Fe" in the case of high field 
configuration will also show the temperature 
dependent splittings, The observed values of 
quadrupole splitting, Table I, are independent of 
temperature, so it seems plausible that Fe atom is 
in the spin free' 3>  trivalent state and in weak 
crystal field, since it is only in this configuration 
that temperature independent values of quadrupole 
splitting can be explained. This conclusion is 
further supported by the observation that in tetra-
hedral complexes, no 'low spin' complex has so 
far been substantiated.") 

The presence of two charge states will result in 
producing a complex hyperfine spectrum or much 
broader lines.") CuFeS2, being a semiconductor, 
will seem to have a longer relaxation time and 
render feasible the observation of complex 
spectra due to the presence of two resonating 
charge states provided these resonate back and 
forth in a time longer than 10-" sec. But the 
hyperfine spectra, Fig. 1, show a typical pattern 
of six absorption lines, since the observed line 
width of 0.35 mm/sec for the inner lines is com-
parable to the line-widths observed in Fe2O3. ") 

The broadening in the outside wings is of instru-
mental origin as is the case with the spectrum of 
natural iron with our spectrometer. The presence 
of typical six finger pattern and no relaxation 
broadening do not lend support to the hypothesis 
of resonating structure and show that Fe atom is 
in a single charge state. 

Although the observed values of internal mag-
netic field are smaller than those for Fes+ ionic 
compounds (550 KOe) but are comparable with 
that reported for KFeS2") where Fe atom is in the 
trivalent state and bonded covalently. The sign 
and magnitude of the internal field may be ac-
counted as follows.") 

The internal magnetic field flesp, arises mainly 
from three source, (i) Fermi contact interaction, 
H0 , (ii) the intra-atomic dipolar interaction, Hdip. 
and (iii) orbital current, Horb.•  The contributions-
of (ii) and (iii) are given by Oki ji and Kanamori" 
as 

Hdip.=—<(3.0—r2)/r5><S,>(pB12) 
=(pB/2)q<Sz> 	 (1), 

Horb.==-21113<r-3><1,> 	 ( 2 ),  

where the symbols have their usual meanings. 
Fe+++ is in the 3d', 'S state and the major con-

tribution is from H0, Watson and Freeman16 ). 
calculated H, for Fe+++ as —630 KOe and further-
more the observed magnetic field Hexp. depends 
on the type of ligand neighbour and its bonding. 
Mn++ is isoelectronic with Fe+++ and He  as 
estimated by Watson and Freeman is —700 KOe 
and for S--  as ligand neighbour is —490 KOe. 
Thus the estimated value of H, for Fe+++ co- 

490  valently bonded with $-- is —630 x 	=-441 700 
KOe. Since the value of p,bs. for CuFeS2  at room 
temperature is not 5.86 pB (a measured value in 
Fe2(SO4)3  at room temperature where iron is in 
Fes+, 3d5  state) but 3.85PB, so the effective H, will 

85 be —441 x 3. — 289.7 KOe. 5.86 
Hdip. is zero because in a cubic environment 

there can be no dipolar contributions. Since the 
ground state of Fes+ is 'S, the Horb. is also zero. 
Hence the estimated H,„„, is —290 KOe, the value 
which agrees with the measured value. This 
agreement further supports the contention that 
iron atom is in the trivalent state. 

With a view to corroborate our conclusion 
further EPR spectra was tried but no absorption 
did occur probably due to the high dielectric con-
stant of the material. Nor the optical absorption 
studies were possible since the substance is opaque 
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and does not dissolve in any solvent. 	 5) 
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ON THE MOSSB4UER EFFECT OF CH.La)PYRITE 

DEO RAT AND S.P.PURI 
Department of Physics, University of Roorkee,. Roorkee,India. 

$ummary: 

The reported Mossbauer spectra of the 57 Fe 

14.4 keV r -rays in CuFeS2  of Aramu et al. are criti-

cized and shown to originate from FeS2 (pyrite) associa-

tion of the studied sample. In addition, the hypothesis 

of the iono-covalent resonant structure as advanced by 

them is shown to be untenable considering the observed 

values of quadrupole splitting. 

The Mossbauer absorption of the 57 Fe 14..1 keV 

r-rays in CuFeS2  was studied by MAIvIU et al.(1). They 

reported a quadrupole split doublet spectrum both at 

room and liquid-nitrogen temperatures and found no evi-

dence for a six-line spectrum characteristic of magnetic 

interactions. On the basis of en experimentally derived 

isomeric shift, they proposed a new resonant structure , 

Cu+ Fe+3(S-2)2t--->Cu" Fe- (S+ 2 ) 2  where both the configura-

tions are equally probable. Furthermore the semi-conduc-

ting and magnetic properties of the compound' were 

discussed in the light of the new proposed structure. 

A similar study has been carried out by us and others( 2 ) 

and as the observations are in direct contrast to each 

other, it is desired to offer the following comments 

in this regard. ,  

The specimens studied in both the ca'ses( 1,2  

were naturally occurring chal-copyrite and normally 



the FeS2 (pyrite) and FeSi+x  (phyrrhotite) are present 

as associations in varying proportions (in case of admixture) 

or fixed proportion (in case of a solid solution). In 

view of the vastly varying composition, it is impera- 

tive that the structure be examined by X-ray diffrac- 

tion ( 3) for identification of the species. 

Neutron-diffraction studies( 4) showed the 

compound to be antiferromagnetic with Aeff  for Fe equal 

to 3.854B and Neel temperature of 550 °C. The magnetic 

ordering due to interlocked sublattices will give rise 

to magnetic hyperfine splitting thereby giving a six-

line MOssbauer spectrum ( 2 ).. The values of I.S. 

(relative to iron) and quadrupole splittings at room 

and liquid-nitrogen temperature for chalcopyrite as 

reported by AR.ANIU et al. ( 1) agree with those of FeS2 

(pyrite) ( 5 ) and for comparison are tabulated in Table I, 

The MO-ssbauer spectra for chalcopyrite and FeS2  (pyrite) 

are given in Fig.l. It is obvious that the spectrum in 

Fig. 1 b) seems to correspond to the spectrum of ARAMU 

et 11. ( 1). 

TABLE_ I. - Experimentally observed values of Q.S. and I.S 
with respect to source in iron at 300 °K. 

Compound ' 17717)-777.711m771771-757—  

CUFeS2 300 
373 
77 

300 

0.05 + 0.02 
0.05 7 0.02 
0.6507 0.03 
0.6007 0.03 

0.196+0.02( a ) 
0.19670.01] 
0.400-1.0.03 ,D 
0.32070.03 u 

■INN/1.11••••••••■•••••• 1•1•00.41••• •■•••••■ 

FeS2(pyrite) 81 0.623+ 0.009 
0.6147 0.006 
0.61 00.0 2 

0.407+0.003(C) 
0.31470.002(9 
0.33 70.0 2 (d) 



• 

( 3 ) 

CompouncT 0 	---1-7EQ 	 mm 

FeS(pyrrho- 	90 	 -0.15 + 0.14 	- 
tite) 	290 	 -0.16 :17  0.10 0.648+0.10(e) 

NON1,0•••■■■•••••■■110•••■■••••• 

(9 Reference ( 2).,  
( b) Reference (1). 
( C ) Reference ( 5), 
(d) This work. 
(e) K. 01\0, et al.:Journ. Phys.Soc.Jap., 17,1617(1962) 

By comparing the values of Ls. of an ionic 

compound CuFe0a(6) (0.40 mm/s) with their observed value 

(0.32 mm/s)ARWU at alp (1) hypothesized the ionocovalent 
resonant structure: Cu+ Fe+3(S-91:-----,Cu"Fe- (S+ 2 ) 81  where 

both the configurations are equally probable. The cova-

lent bonding in the above structure is regarded to reduce 

the I.S. If the resonance time of the two structures is 

less than 10'7 	(lifetime of the first excited state 
of 57 Fe) the observed spectrum will be considerably 

broadened, whereas if it is greater than 10-7 s it will 

result either in a complex spectrum (if resolved) or 

broadened (if unresolved) due to the presence of the 

Fe+3  ion in two chemically inequivalent sites. The values 

of half-width from the spectra (1) are in good agreement 

with the well-resolved spectra of iron compounds(7 ) and 
1% / thus the spectra t 	are neither complex nor broad.- 

ened as one would expect on the plea of the iono-

covalent resonating structure. 

Furthermore the assumption of the new proposed 

structure seems to be untenable when considered from 

the observed values of quadrupole splitting. It has 

Tabl- contd. 



( 4 ) 

been shown by INGALLS ( 8) that the field gradient of 

a d-electron at the nucleus is given by 

(l-R)q tx2 F, 

where (1-a) is the Sternheimer factor which accounts 

for the deformation of the inner shells by the elec-

tron; c(2  the covalency factor which accounts for the 

expansion of the electron towards the ligands (0.6<42  

<0.9); q( 	4/7‹,y -3  ) the field gradient calcula- 

ted from the free-ion wave- function and F a function 

of energy-level separation, spin orbit coupling and 

temperature. For an essentially localized electron as 

presumably in the ionic configuration Cu+ Fe+ e5") 2 , 

C(. 2  = 0.9, whereas in the covalent configuration 

Cu"aFe-  (S+2)2 (spa  bonding of iron) the covalent 

bonding will introduce delocalization of the electron 

in 3d orbitls, reducing the electronic contribution 

to the field gradient. kssuming (1-a) and F to be 

nearly the same for both the above configurations, 

the flE value will be different, the difference depen-

ding on the degree, of delocalization of the electrons. 

In addition, with regards to the proposed structure, 

it was assumed that the Fe+ 3  ion is spin-paired in 

the ionic form and spin-free in the covalent (sp a ) 

configuration. There is bound to be a contribution 

to q from the uncompensated electron in the ionic 

configuration, whereas there is no such contribution 

from Fe+ 3  in the spin-free state, so resulting'inevi-
in 

tably/different values of quadrupole splitting in 

both th ,, configurations. This will either give rise 

to an additional doublet(if fully resolved) or cause 



5 	) 

broadening of the observed absorption peaks; but neither 

is the case from the experimental spectra (1). 
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IvIOsSIP,UER SPECTRA, OF TETRAHEDRAL \LK\LI 
DITHInFTEPR',T73(III) 

Deo Raj and S.P.Puri 
Department of Physics,University of Roorkee,Roorkee 

(India) 

tviossbauer spectra were taken of a series of 

compounds, with tetrahedrally coordinated (sp a ) Iron 

(III), having a general forMula 'Fe(S)'2  where t = Na, Rb, 

Cs; over a temperature range 77-3)00 K. The molar suscep- 

tibilities were also examined over the same range of 

temperatures. The almost temperature independence of 

L1F,Q  indicates that level separation is larger or --kT. 

In contrast to the observations in the case of octahe-

dral compounds,. the increasing electronegativity of 

the cation increases the I.E.value. This is explained 

by the fact that the decreasing electrom,getivity of the 

cation increases the partial 4s character at Iron in 

the compound. Furthermore it is pointed dlut that 1.ANJ 

plot is applicable to the compounds having tetrahedra-

lly bonded (sp at iron. 

The internal magnetic field in KFeS2  at - 28°C 

is considered to result not from any magnetic transi-

tion but from relaxation effects, whereas in the case 

of Na, Rb and Cs dithioferrates it is getting averaged 

to zero. 



1,16sSB;UR SPECTRk OF TET1111-1EDR \t, ALKALI 
DITHIOFSRRVE15(III) 

INTrFODUCTION 

\ series of compounds of tetrahedrally coordi' 

nated iron (III) having a general formula n,PeS2 wh ere 

the cation 	is Na,K1111b or Cs has been studied by 

Mdssbauer effect. In dontrPst to the behaviour of high 

spin Fe(II) octahedral Compounds, the Iron (II) compoU' 

nds in tetrahedral coordination show a markedly greater 

dependence of quadrupole splitting upon temperature end 

the isomer shifts are also considerably lowerl) 4 In order 

to seek comparison of hyperfine interactions in the case 

of Iron (III) in tetrahedral coordination and supple-

ment the relatively feWer reports on such iron compounds, 

such a study was embarked upon. 

In the case of KFeS2  and KFg)23  Kerler et alt)  
reported that for KFeS2  the magnetic field at the nucleus 

decreases from 206 killogauss at -145°  to zero at -28°C, 

but for KFe02  from 515 killogauss at -123°  only to 400 

killogauss at 75°C. They inferred the existence of a 

low transition point for KFeS2. ^, plot of I.S.versus 

temperature showed a deviation from the otherwise norittal 

and approximately linear relationship and thus indica- 

ting the transition at -28°C for KFeS2. Mossbauer inves- 

tigation was undertaken to look for similar transitions 

in the other members of the series with a view to *decide 

the nature of the reported transition in KFeS2. 

Furthermore the bearing of the electronega-

tivity of the cation on the isomer shifts in alkaline 

ferrocyanide s3) and supercomplexes having Iron in octa 
hprirAl bonrlino r12 3. . h .nc hapn riant-vri-Pr13, 	A 



( 2 ) 

systematic study of such an effect in the case of compo-

unds with Fe in tetrahedral coordination (sp a ) was 
considered worthwhile. 

STRICTURE 'ND EXPERINI7NT 

KFeS2 grows in paramanganate colored needle 

shaped monoclinic crystals with space group symmetry 

C9h with 4 molecules p.-?r unit ce115) , having all Fe 

atoms at equivalent sites. The structu-e 6) of RbFeS2  
is isotopic to KFeS2  whereas CsFeS2  forms orthorhombic 

crystals with space group DPI  with a tetramolecular 

unit cell. The crystal structure of NaFeS2  is under 

investigation6) In all these compounds the In atoms 

are principally covalently bonded by nearly regular 

sulphur tetrahadra. The FeS2  ions are arranged in 
chains of FeS4  tetrahedra linked by thei - 

short Fe-Fe distances. In KFa.S2  and RbFeS2 both K and 

Rb are surrounded by 6 sulphur atoms whereas in CsFeS2. 
Cesium by 8. 

The specimens were prepared from A.R.quality 

chemicals, following the method by Bronger6) . X-ray 

diffractographs were taken which did not reveal the 

presence of any FeS, FeS2  or any unreacted iron. 

The MOssbauer source was a standard Co57  in 

Pd matrix with an initial activity of 1 mC. The spect-

rometer employed a constant velocity cam, 1 mm Nal(T1) 

crystal detector and a single pulse height analyzer._ 

The spectra were recorded for polycrystalline powder 

absorbers in transmission geometry from the room down 

to the liquid nitrogen temperature, The lines were 

fitted by least square analysis on computer, making the 



1. 

assumption 'that the line shapes are Lorentzian, 'The 

values of I.S•; quadrupole splitting and line widths 

sb obtained are given in. Ta.ble I. The representative 

spectra for NaFe.S2  and CsFeS2  are given in Figs.l. 
and 2 and the values of A EQ  versus temperature for 

all the compounds are plotted in Fig.3. 

Thee low temperature measurements were taken 

at Tata Institute of Fundamental Research, Bombay and 

the cryorA-?nic arrangement employed a cryostt fabrica- 

ted after the design by 	(lernr)n et a171 . Any tempera- 

ture down to liquid nitrogen could be set within an 

accuracy of + 

The magnetic susceptibility measurements wp:ws 

carried out for all these. comv.,...r.,:; 	the tempera- 
ture range 77-300°K. The valu')s of a off as calculated 

from molar susceptibilities are listed in Table II. 
DISCUSSION : 

Under the influence of the tetrahedral ligand 

field the five fold degenerate 6s  state of the free Fe 
(III) ion splits into a lower doublet d 	containing 
the orbitals dz 2 and dx 2-y 2 and a higher triplet del 
containing dxy , 	 and dxz orbitals. 	distortion from 
the .regular tetrahedral symmetry will' 117:J- her lift the 
degeneracy of the d y  and de orbitals and give rise to 

quadrupole splitting. From the observd:;lc,n that quadru-

pole splitting is almost independent of temperature. 

Fig:3, it is inferred that the level separation is 
larger or -, kT with the consequence that the electronic 

population density does not very with temperature. 
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Furthermore it is observed that the quadru-

pole splitting decreases with the increase of cationic 

radius, Fig.4. The bigger cation .will normally cause 

greeter distortion of the tetrahedral symmetry and thus 

enhance the EFG but this being not the case, there are 

no solid state effects in these compounds. The increased 

pairing of the d electrons for the Na to r',s compounds, 

implies an increase in the crystal field and decrease 

in the EFG contribution from the uncompensated electrons. 

It has been reported 3)  in the case of a series 

of alkaline ferrocyanides of the type M4 Fe(CN) 6] where 
M.H, Li, N, K, Rb, Cs, NH4  that the I.S. decreases 

with the increase of electronegativity of the cation. 

This was explained by the assumption that in the ferrocy-

anide series from H to Cs the last members with the 

lowest cation electronegativity are the nearest to the 

ideal diamagnetic structure of Fe - 3d104S24p
6 8) 

kssuming that the octahedral configuration (d2sp3) is  

conserved, in the case of the first few members of this 

series, with more electronegative cation, the lower 

number of 3d electrons shields 3s and 4s electrons to 

a lesser degree, whereas for the last members the 

transition of the electrons from the electronegative 

cation is more complete with the consequent higher 

shielding. This increased shielding will cause more 

positive isomer shift(?) . In the case of present compounds 

the iron (III) is in tetrahedral coordination (4s4p3) 
involving no delectrons. The incre ,, sing electronega- 

tivity of the cation will decrease the 4s electron 



s 

density at the Fe nucleus thereby increasing the I.S. 

value, which is in agreement with the experiment, Fig.5 

This conclusion is in contrast to the octahedral case. 

The existence of - high transition point for 

KFeS2  at -28°  had been shown by Kerler et a12) . All the 

other compounds gave only the quadrupole split doublet 

spectra with no magnetic hyperfine splitting, down to 

liquid nitrogen temperature. dth a view to decide the 

nature of transition involved in KFeS2, the magnetic 

susceptibility vs temperature was studied in all these 

comrounds. Our observations do not indicate any magnetic 

ordering or magnetic transition throughout the ranee 

investigated. It has been shown by BrOnger10) 
that 

field is presumably resulting due to relaxation effects11)  - 

The spin lattice relaxation of paramagnetic ions will givc 

rise to the fluctuating electric and magnetic fields 

and if the fluctuation rate israpid compared to the 

precession frequency of the nucleus, the latter will see 

a time averaged magnetic field which is zero and hence 

symmetric quadrupole splitting will be observed. Presu-

mably the internal magnetic field is getting averaged 

to zero in the case of Na; Rb and Cs dithioferrates. 

The total' 6-electron density at the Fe57  nucleus 

in the compound may be written as the sum of the inner 

shell contribution and a fraction t245  (0) of 4s density 

arising from thn partial occupation of this shell. by 

susceptibility is temperature independent over the 

range 90-500°K. This rules out the possibility of a 

magnetic transition in KFeS2 and the internal magnetic 



electrons from the ligands12) . 

	

$2 (0= 3 	2 (0) + x zi)  2 (0)  

	

1 	is 	 Lis 

The I.S. is related to 1) 2  (0) by the equation 

, I.S. = 	2 VD) + const. 

where do  is a calibration constant. Employing experi-

mental values of I.S. for Fe2+ and Fe
3+ 
 compounds in 

conjection with the 3d electron densities at the nucleus 

calculated using Matson free ion wave functions13)  , 

Ingalls14) obtained the following value of the calibre- 

tion constant 	: 

= 	(0.47 ± 0.05) a3  mm/sec -0 (3) 

One can write for any of these compounds from (1) and(2) 

$ 	(o) 	2 (0) 3+  
s 	Tet 	s 	Fe 

 

( I .9.)Tet- (i.5.) Fe 

  

/ 	(4) 

where 7-b  s2 (0) Fe 3+  = 11881,4 a. u, is th? total s-electron 

density for the free-ion 3d5  configuration13)  and the 

(I 'S• ) Fe3+  is 0.41 mm/sec relative to metallic iron15) . 

These are covalent compounds with Fe(III) in 

tetrahedral coo rdination (spa) and no delectron is 

being used in bonding. The values of 3d electron spin 

density as calculated from the molar susceptibilities 

are given in Table II. In the absL.nce of any pairing, 

these 3d spin densities will also be the respective 

3d charge densities responsible for the observed I.S. 

values. 

(1)  

(2)  



I 

The values of 	2 (0)Tet may be obtained from 

Eq. (4) with the experimdntal 	values and are listed 
2 - in Table IT. The 2i . z(0) term corresponding to 1.1 is 

the given number of d electrons is obtained from Watson13'  

2 and so x (-1) 4s 
 (0) values are given by equation(1). The 

contribution x zb 4s (0) turns out to be negative, which 

is absurd. This contradicts our assumption about the non--

pairing of 3d electrons and points out that rather there 

is some pairing involved i.e. the number of d electrons 

responsible for the I.S. value is not equal to that 

obtained from the g effective values. It may be remarked 

that ..".1j
12) 
 plot which is generally used to estimate the 

4s character for the ionic compounds is also applicable 

to the compounds having tetrahedrally bonded (!....p3  iron, ron, 

since no d electrons of the iron atom are used in its 

bonding to the ligand. This, however, will not hold for 

iron in octahedral bonding (d2sp3). The 4s character of 

Fe(III) for these compounds from the modified VIZ 

plot16) 
is  listed in Table II. This conclusion about 

a partial pairing of 3d electrons does not contradict 

the observation about the lack of temperature dependence 

of 	since the latter merely implies that the relative 

level separation is very large as compared to kT with 

the consequence that Boltzmann population does not 

change., The above discus.sion of vrtial pairing of 3d 

electrons is also applicable to the case of ChalcoPY-

rite17) . 

The line widths (F. .H.M.) at different tempera-• 

tures are included in Table I and are in the range of 

3 to 4 rio 	natural line width of the 14.4 keV 



( 8 ) 

transition = 0.095 mm/sec). 'Jignall18) 
carried out 

systematic studies of line widths in the case of Fe3+  

salts and Iliowed broadening of 4[ resulting film 

instrumental noise, extraneous vibrations, absorber 

thickness effects19)  etc. It is therefore concluded 

that the obscirved line widths. do not indiceto any pro-

nounced broadening and the electronic relaxation rates 
11) 

are fast 	This view is supported both by the short 

Fe-Fe distances10) as well as the observed temperature 

independent pa.ramagne tism10). 
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0.36 0.58 0.35 	0.35 

0.37 0.57 04.36 	0.36 

0.39 0.59 0.40 	0.40 

0,46 0.59 008,.0.41 

0.48 0.59 0.47 	0.45 

0.19 	 0.53 	0.33 	0.30 

0.21 	 0.53 	0.40 	0.40 

0.19 	 0.45 	0.30 	0.30 

0.19 	 0.47 	0.35 	0.35 

0.27 	 0.48 	0.40 	0.40 

0.18 0.46 	0.30 	0.30 

0.19 0.46 	0.32 	0.32 

0.25 0.46 	0.32 	0.32 

. 0.27 0.46 	0.30 	0.30 

0.29 0.47 	0.44 	0.42 

NPFes ' 	2 

KFeS2 	295 
253 

RbFeS2 	295 
253 
195 

CsFeS2 295 
253 
195 

40 
77 

 

1 

295 
253 
195 
140 
77 

TABLE 

Values of I.S., AEQ  and line widths for alkali 
dithio ferrates (III). The values of LS. are rel ,, tive to iron. 

MnpourIc-- 177717peratu re 	Isomer shift Quadrupole Rine width, 
0 .K 	

nt/se4. 	Splitting 1 and 
mm/sec, 	mnisec. 

.141■••••••■•■••■ ••••••• 

  

The errors in the values of 1.5., 
a Lorentzian profil) are + 0.02 mm 

.5. and line width (assuming 
meC. • 



TABL7: II 

values ofp,,c.c.• no. of unpaired 3d electrons, 
total s-electron'ahsity and 4s charncter in alkali 
dithioferrat,3,s. 

5777,7677rir-7-----170.0f 'eff 

•■■••■•••••■•■• 

NaFe$2 	4.65 	3.77 0.355 	11881.50 	25 

2 	KFeS2 	4.61 	3.72 0.190 	11881.85 	35 

3 	RbFe32 	_ . 	0.185 	11881.86 	36 
4 	CsFoS2 	4.38 	3.49 0.175 	11881.88 	38 

V.I.....1001•■■•••■••••• MYkw 

unpaired I.S.Vlues *2(0)  cy  
1 I s 	4s cha el ectrons d (mm/sec) 

y "•u' racter,  
1 	 MProx.) 



CA.PTIOrS OF 	DI ,GRWS 

Fig. 1 	IVIOssbauer spectra for 1\LaFeS2  at; (a) room 
temperature (b) 77°K (The source used is 

5 
Co

7 
 in Pd matrix and the points plotted on 

the curves are the least So,ft. values 
corresponding to the experimentally observed 
values). 

Fig.2 	M'cissbauer spectra for CsFeS2 	(a) room 

temperature (b) 77°K (The source used is 
Co57

in Pd matrix and the points plotted on 
the curves ,re the least So. ft. values 
corresponding to the exp rimentally observed 
values). 

Fi°.3 	nu:Id/upol• splitting versus temperature. 

Fig.4 	quadrupole splittiny, versus cationin 

I.S.versus el,ctroneqativity of the alkali 
cation. 
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RECOILLESS FRACTION AND THERMAL SHIFT OF ,1182  wip w183 

Deo Raj and S.P:Puri 
Physics Department, Roorkee University,Roorkee(India) 

The recoilless fractions of 01182  and 483 are  
calculated over the temperature range 4-300 0K on to 

bf experimentally determined phonon frequency 
distribution function as well as the one on Krebs' model, 
There is reasonable agreement between the experimental 
values and calculations,. In addition, the thermal shift 
values for these isotopes, have also been computed. 

Recoilless emission and absorption of gamma radia- 

tion from the 46.5 keV ( 3.1) first excited state of 14183  
2 

has been investigated by a host of workers 	1.1-61 . 

Furthermcre the 11)0.09 ke\i state of 1/4182 has also been 

studied by Mossbeuer technique 1.1„7.-8,i 	Sumbaev et al.!' 11 

assuming the 	-.,-eant'l one 1 nebye 	fa 7.: 	i on obtained 
.1.70 

0 4J 
 3
-- 	°K which is the same as obtained from other • • 

data 191 

Chen and Brockhouse 1101 • measured the phonon 

dispersion relations for Tungsten from the momentum and 

energy change s in the inelastic scattering of slow neu-

trons. They also calculated the phonon frequency distri-

bution function (p. f. d. f. ) using the 23 force constants 

obtained from the 8th. neighbour best fit rill. In 

addition, the cPlculations based on Krebs' model df 

p.. f. d. f. for Tungsten including the third nearest neigh-

bour central force interactions 112 have also been 

reported.. The probability for the MOssbauer effect and 

the temperature shift like the specific heat are 'integral 

quantities in the phonon spectrum but the temperature 

dependence of the latter is governed by a different 

.moment of the p. f- d. f.. , favoring the higher frequencies. 



On thelcontrary the spectral density of the squared 

displacement of the radiating (or absorbing) nucleus 

is determined mainly by the low frequency portion of 

the phonon spectrum and the temperature independent 

zero point vibrations. The experimentally determined 

phonon spectrum 11: was used to calculate the recoill-

ess fraction f, and second order Doppler shift (S.0.0.) 

over the temperature range 4-330°K. These were repeated 

for the phonon spectrum calculated on Krebs' model 1.121 

for the sake of comparison. 

Tungsten has a B.C.C. lattice and for a monoa-

tomic lattice of cubic symmetry, the f and 5.0,.D. are 
f=exp 	_ 	,_,.r22 	1 i,)  max ,q(,,., ) .  Coth(. ' ") di,'  2M731: 3N 

i  

. 	
,,,) 	2k BT 	1  

and S.O.D. = 	1 	' fmax r ‘ 	 .1., ( t  t ') ) dt 1  477 "S r 1 	g‘. il CoL. LH, -27 ' 

where g (co) is the phonon frequency distribution 

function; 3N is the normalizing factor; M is the mass 

of the gamma-ray emitting (or absorbing) nucleus, E 

is the y'- ray energy. The calculated values of f and 

S.O.D. using the g (;.,i) of ref [111 are shown in 

Table I. 

The f for 100.09 keVr-ray of  w182 was measured 

with a source of metallic Tantalum irradiated with 

thermal neutrons and an an absorber of a foil of 

metallic Tungsten and its value is f = 0.083,+8:033Q60 at 

101°K 1.1 	It compares with our calculated value of 

f = 0.093 within experimental error. The recoil free 

fraction for 46.5 keV r-ray of "vil83  was  investigated 

by MOssbauer technique in small Tungsten particlesi13] 

They obtained f (77°K) = 0.57 for the microcrystals 



with averaae diameter of 30 °A and f (770 K) = 0.61 

for the 1 micron -)owder ( large crystals). These are 

the only available experimental values and are stated 

to be within + 20' accuracy. Our calculated value of 

f (77°K) = 0.64 for 46.5 key transition in .1183  agrees 
reasonably with th e  experimental one. The corresponding 

Krebs' model values of f (101 °K) = 0.120 for  1182  

f (77°K) = 0.67 for 11`163 are slightly higher than the 

ones from experimental g( ). 

Hardy et al 6 also investigated the Mossbauer 

effect by populating the 46.5 keV level of ',1183  by  

Coulomb excitation and obtained f
s (77/K) = 0.10±0.02 

for the source. The reduced recoilless fraction in 

Coulotnb excited Mossbauer target was explained dry the 

author on the lines surested by Czj zek et al 14 . 

This only confirms that the method of preparation of 

the source has a marked bearing on f values 	15,16 

t\lo experimental observations are available for thermal 

shifts (S.O.D.) for any of the Tungsten isotopes for 

comparison. 



11.400.1INMMOIMwolswirowillop...mporwrepeyeropp 

Temperature 
-v182 

(cm/sec) 
183 

oK 
• 	 cm sec 

0- 

Table 1: The calculated values of MO'ssbauer 
Recoilless frWion and thermal shifts 
in W402  and 4403  at various temporatuns 

4.0 	0.19988297 	0.26340527 0.70803498 	0 .26196590 

20.0 	0.19519240 	0.26355631 0.70443864 	0 .26211611 

50.0 	0.16688647 	0.27082151 0.68116439 	0 .26934161 

77.0 	0.126.95323 	0.20 403058 0.64236327 	0 .29242385 

101.0 	0.09277151 	0.32578657 0.60057467 	0 .32400631 

150.0 	0.04395213 	0.40891745 0.51167425 	0 .40668293 

195.0 	0.02080835 	0.40628793 0.43586711 	0 .49357597 

200.0 	0.01911011 	0.50637037 0.42798161 	0 .50360 332 

250.0 	0.00804138 	0.60981707 0.35547433 	0 .60648474 

293.0 	0.00376596 	0.70140 211 0.30210510 	0 .69756933 

300.0 	0.00332564 	0.71646854 0.29415624 	0 .71255341 
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RECOILL 7iSS FRkCTION VD THERMAL SHIFTffiR 29'64 
keV TRANSITION IN REACTION PTDUCSD Kgv 

Deo Raj and S.P.Puri, 
Physics Department, University of Roorkee,Rooxkee 

(India) 
The Mdssbauer investigations of 29,4 keVY-ray of 

K4°  have been reported by three groups who produced the 

isotope by (n y) (1,2) and (d,p) (3) nuclear reactions,. 

The recoilless fraction f 'measured at 40K for potassium 

used as source is 3,6?(,  (1). The Debye temperature fq = 60°K 

and eD = 98°K were derived from experimental values of 

f and specific heat data respectively and it was inferred 

that thermal neutron beam does not cause target heating 

and the (n, Y) reaction does not substantially diminish 

the recoil free fraction in insulators or metals (1). 

In connection with the lattice dynamical studies from 

M6ssbauer effect it was pointed out that, estimates of mean 

square displacements at room temperatures in sources or 

absorbers, based on Debye temperatures from specific heat 

measurements and using the Debye model for the phonon 

frequency, should not be taken too seriously (4,5). This 

is due to the reason that C xa, and the lattice specific 

heat are determined by different weighted averages over 

the frequency spectrum. In view of the availability of 

the theoretical phonon freauency distribution functions 

for potassium, it was decided to have an estimate of 

the reduction of f by the method of formation of the 

source. Moreover the thermal shift S.O.D. values are 

calculated over the range 2.28°K. 



( 2 ) 

Cowley et al. (6) measured the dispextion curves 

of potassium at 9°K by inelastic neutron scattering 

technique, and the measured normal mode frequeacie,s-  have 

been analyzed by fitting them to a Born,Von Karmen model 

(7). The interatomic force constants (in real space) 

between near neighbour atoms were employed to calculate 

the density of phonon states g (Q) and thermodynamic 

properties such as the heat capacity. The equivalent 

Debye temperature obtained from the calculated and obser-

ved heat capacity (8) agree to better than 2% over the 

range 0 to 30°K. Furthermore the frequency distribution 

function for potaSsium calculated on de Launay' s model 

(9) was employed to calculate the f and S.O.D. values. 

However it may be stated the t the agreement between the 

theoretical and experimental values of Cv(9) has been 

found to .1-e; very good down to 10°K and at lower tempera-,  

tures the deviations were ascribed to the presence of 

phase transformation. 

Potassium has  a b.c.c. lattice and for a 

monatomic lattice of cubic symm etry, the f and S.O.D. are 

f = exp 	- 	 I 	/ (..) max 	a(4,)) 
2M 0b T".".  i 	 coth( 	) 

0 
and 	= 	3 	I 	//'Imax 	 11,0 d&' g(61/4))1,) coth (....„) d 4Mc —,1„„ 	 2k BT 

where g( (Al) is the frequency distribution function; 3N is a 

normalising factor; M is the mass of the V.-ray 

recoiling nucleus; By  is the 17-ray energy. The frequeni;3y 

distribution functions g(t--)) calculated by Cowley et al 

(6) and Dayal and Sharan (9) have been used in evaluating 

f and 3,0.D, The values are tabulated in Table.I. 



( 3 ) 

Hafemeister and Shera (10) by extending Lang's 

(11) calculation of absorption area to large values 

of absorber thickness, obtained f = 0.c)36 for potassium 

used as source at 4°K. However in the absence of an 

experimental measurement of internal conversion coeffici-

ent of the 29.4 keV transition, they used c(= 0.35 

derived from Rose (12) for a pure M1 transition and due 

to this uncertainty, no errors were assinged to the 

value of f. Our calculated values of f(4°K) = 0.1039 

(using the g(t",) values from Ref. (6)) and f(4°K) = 0.0773 

(using the g( L.,1 from Ref. (9)) are higher than the 

experimental value. The values of Of  from the theoretical 

values of f are 89°K and 79°K from references 6 and 9 

respectively. '.Ve will prefer the value of f 	0.1039 

due to the better agreement of predictions of this model 

(6) with the specific heat data 

The disagreement between the observed and theore-

tical values is not surprising (13,14) keeping in view th 

the formation of the 29.4 keV level is preceeded by the 

emission of energetic photons and laves the K40  nucleus: 

with a distribution of recoil energies upto a maximum of 

800 eV. Alternatively it may be argued that the heat 

generated by the slowing down of the recoiling excited 

nucleus causes local, hating. it is estimated that the 

temperature due to recoil heat is around 20°K, at which 

the theoretical value of f(6) equals the experimental 

value .. Further, it may be stated that contrary to 

the conclusion of Hafemeister and Shera (1) the (n,'{) 

reactions do cause substantial reduction of the recoil 

free fraction, Such a reduction of f is also obtained 



) 
for Ni61 produced by (p,00 reaction (15), No experimpn7,  

tal obs:rvations of thermal shift of lel° are available 

at present. 

Table 1 	The calculated values of Ilossbauer 
fractions amend thermal shiJ.t5 of 
29.4 key K 

   

(°K) 
with g( Lt.; ) of Cowley, i;oods 	with g( , .) of Dayal and 
and Dolling (RGf.6) 	Sharan (Ref. c!) 	 

IS.O.D. x102 S•Q.D. x 10' 
om/sec 	 cm/sec. 

0.11016 0:38724 0.08570 0.37035 
0.10390 0.38730 0.07727 0.37054 
0.09651 0 . 38763 0.06699 0.37111 
0.08820 0 .38850 0.05645 0.37234 
0.07928 0. 39021 0.04649 0.37446 
0.07020 0.39293 0.03758 0.37762 
0.06132 0.39678 0.02990 0.38195 
0.05294 0.40184 0.02347 0.38752 
0.04524 0. 40810 . 0.01822 0.39431 
0.03833 0 . 41554 0.01401 0.40228 
0.03222 0.42410 0.01069 0.41137 
0.02691. 0.43370 0.00809 0 , 42150 
0.02235 0.44426 0.00609 0 . 43256 
0.01847 0.45569 0.00456 0.44447 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
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M6SSBAUER FRACTION AND THER),IAL SHIFT FOR 67,4 Key C- ray 
in Nil" 

Deo Raj and S.P.Puri, 
Department of Physics, University of Roorkee,Roorkee 

(India) 

The Debye- Faller factor f of N_'61  was calculated 

by Gleiss i)  in harmonic approximation, employing the momen-

ts of the lattice frequency spectrum both calculated from 

the two neighbour lattice model as well as from the experi-

mental values of specific heat. It was claimed that the 

calculations agree with the experimental values within the 

accuracy of the measurements. The extraction of values of 

f by assuming that f ab3 	fsource2) varies approximately 

as fa for Ni61  in Ni61  host, is however not free from 

objection; when the source is reaction produced. 3)  In the 

event of directly available experimental g (LAI curve4)  

for Ni from inelastic Neutron scattering, it is advisable 

to use this as a basis of calculation rather than model 

calculations or the moments from the specific heat data; 

since the Kx2 7- and the lattice specific heat are deter-

mined by different weighted averages over the frequency 

spectrum. 

^1ickel is a fcc lattice and the recoilless fraction 

f and second order Doppler shift, D.O.D. , are given by 

the expressions 

1 	 "max 

21\1c 2  3N Jo  
f exp 

um  ax 
and S.O.D. 	— 	"- 	t 	

9( 0) 747C- 	In — i 

9 ( 	) 77-- co th ( 	(A)   ) ) 
2k 

coth(n--0 ) d._ 

respectively; where the symbols have their usual meanings.• 

The calculated values are given in Table I, after applying 



( 2 ) 

the mass correction; which was considered ne.cesary 

since the g(i-o) curve is for natural N1 (average 

atomic wt, 58.7) whereas we require it for N161  

Taking account of the mass dependence of frequency 

from the harmonic theory; the in the above formulae was 

replaced, in first approximation, by (.) (61) =, (0 (58.7) 

,58.L) 	. The value of f souroc  Table I, was extra- 
61 

cted from the measured value of f 	f sour.,e 	abs, 	by 

assuming that fcalc,, 	abs„  The value of f soure  so 

obtained are consistently lower than the c 

pointing thereby that the (p, of,) re-action causes substan-

tial reduction of the recoil free fraction. The ca:- 

culated value of parameter B = 	3C",i-C,O08 t 300°K 

in th e  D,,by , - 1- 11er factor5) compares with rvl .r :,,,..lcu-

lations of B = 0,359 at T,C..)(‘K, this df;E‘cnT..)ancy of 

5% is not unexpected since two different g( ) curve, 

have been employed. No experimental s- bservations of 

thermal shift of Ni61  are available at pi-e6ent. 
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TABLE I. The temperature .dependenc9 i of f 	, f source and S.0.1). for Niol 	Ca 

(67.4 keV transition). 

Ternpr, ratuTel-7—  calc. 0K 

 

S .O.D. 
(cm/sec. 

83 0.139471 0.054084 0.011736 
92 0.128728 0.051979 0.011967 

101 0.118134 0,047791 0 ,,012233 
109 0.108993 0.047393 0.012496 
117 0.100211 0 7 047296 0.012781 
123 0.093901 010 39 340 , 013010 
130 0.086810 0.044391 0,013289 
134 0.083018 ,.033770 0.013456 
141 0.076577 0.032460 0,013756 
146 0.072213 0.01',090 0,013978 
157 0 ,063300 0.018841 0.:014486 
172 0.052627 0.010742 0.015216 
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EVIDENCE OF FORCE CONSTANT CHANGE FROM 
M5SSBAUER FRACTION OF Sn119  IN VANADIUM 

DEO RAJ and S.P.PURI 
Department of Physics, University of Roorkee,Roorkee 

(India) 

Reanalysis of the V: Sn119  M6ssbauer system 
has been carried out to seek evidence for the force 
constant, change. It turns out that the force constant 
ratio, VA is about 1.67; contrary to the conclusion 
of Bryukhanov et al. 

When a Mossbauer atom with atomic mass M is 

introduced as an impurity into the Debye type crystal 

lattice composed of atoms with the atomic mastes M; 

the change in mass at the defect site and the change 

in the force constant for the impurity-host atoms 

will influence the mean square displacement (x2, of 

the impurity atom. This is turn will influence the 

recoilless fraction of MO'ssbauer radiation and its 

temperature dependence.1) The Debye-Waller factors 

for the 14.4 keV r- rays of Fe57  atoms as a dilute 

impurity have been measured at constant temperature 

for different crystal lattices.2)  Further the tempera-

ture dependence of the recoilless fraction, f for 

Fe57 introduced into a definite crystal lattice has 

been reported over a wide temperature range3,4) . Both 

these measurements were considered to be consistent 

with the calculations of Visscher5)  and Maradudin and 
F1inn6) and both the groups inferred independently 

that the impurity-host coupling constant is about the 

same As the host-host coupling constant. 

Bryukhanov et a17)  from similar studies of f and 

its temperature dependence for Sn119  atom introduced 

into Vanadium, Thallium, Gold and Platinum and their 



( 2 ) 

compariton with the calculations of Kagan and Iosilew 

skii  8) could claim satisfactory fit, obtained by tgnoring 

the force constant change. Mannheim'i derived closed 

expression for <x2  for the central force bcc cubic 

crystal model, in which there ar of-lam-2e, in the nearest 

forces around the defect site inaddition to the change 

in mass at the impurity site. By analysing the tempera-

ture dependence of f for the V: Fe57  M6ssbauer system, 

Mannheim and Simopoulos10) obtained a good fit to the 

experimental data for an increase in force constant 

ratio of about 2.5. ',Ile undertook the reanalysis of the 

V: Sn119 system for any change in the force constant in 

the light of above facts for the V: Fe57 system, making 

use of the experimental g( ) curve for vanadium11) . 

Sn119 
is an impurity in the bcc Vanadium lattice 

considering the changes in forces between the defect and 

its 8 nearest neighbour host atoms in the harmonic appro-

ximation Mannheim9)  derived the following erression 

for <x2 7 for the central forces only 

x 2 	= 	( M ) 2  1°  Mn  COth (1Z2:4P W) g('")  d 
{[l+ 	(to) s((9):1 2+ 1 4 ;I' 

+ 	 ( 	\ 	 f)2()4,) T 	 t r(w L i  2M 	' 	ca 
1 where 	= 1-(T  and the functions f' (u), S (w),T(w) are 

defined in Ref. (9), M and M are the masses of Vanadium 
•  and Sn 119 atoms respectively.. The second expression 

contributes only if there is a localized mode with 

frequency 	and the localized modes are obtained if 

1+0 IA) 	S 	1.4) ) = 0 

The calculated Values of f over a teniperature range 



( 3 ) 

20-700°K, for a set of values of the force - constant 

ratio 11  ; are shown in Fig.1 alongwith the experi- 

mental absolute values of f.12) It appears that the 

value of =f about 1,67 gives the best fit to the 

data within the accuracy of the observations, while 

a good fit can be obtained forl/- from 1.4 to 2.0. The 

position of the localized mode is at 	0 2.86 x 101:3  

cycles/sec and its contribution to f (corresponding to 

1.67) varies from 1.6% at 500K to 8.4% at 600N 

and is included in the curve. In view of the large 

experimental errors in f, no attempt was made to-  account 

for anharmonicity at high temp'ratures. In the model 

independent classlCaI limit, we calculated the value of 

f at 663°K from the first term of the formula given 

by Maradudin and Flinn6)  , neglecting the other terms 

containing 	; and it gives f = 0.171. This value 

is lower than the axperimental value of 0.186 and 
' corroborates the necessity for — to be greater than 1. 

This evidence for change of force constant in V: Sn119 

system seems plausible and does not substantiate the 

conclusion of Bryukhanov et a1.7)  This conclusion is 

augented by similar analysis carried out in W: Fe57  

and Mo: Fe57 systems.13) 
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CAPTION : 

Fig.1: Tempepture dependence of Mossbauer Fraction 
of Sni1-9 in Vanadium for different values of 
foreqconstant ratio. 

 

ion (1c68). 
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