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STATAMET OF TR X WD i8

During the lest iwo deczdes, & considersbie smount of
work hos been done on the chemicel effects of nuclesr 4ronge
formetions in solids, Two of the cherscteristic Teetures of

Ler adieled
thopge, s0ldids ere ¢ (1) the similer amnesiing kineties in

gyite of the wide differsnces in the znsture of these aoli-:!s1
and (2) s high degree of steredos ecificity obuserved in the
snnealing resctions.” 4 nusber of modsia ' hove beer but
forward to explein the posteirredistion ennes’ ing behaviou-
of the solids, Any model, suggested to exvisin the chemice!
effects of nucleor trensiormetions in solids shou:d bs adbie
to _eccount for the ovservetion of g high degree of storeo-
specificity in the concurrent and posteirredistion amnesiing
resctions, The retention of configurstion during the neutron
irrediastion end subsequent thermel smnealing was found by
Zuber gt gl.° in dextro - tris ethylencdisminemcobait{iil)
nitrate snd gis - sod trens - dichioro-bis-othyienedisnine—
cobalt(iil) nitrate and by Maddock et 8i.” in a number of
neutron irrsdisted geometrical isomurs of nitroamminos cobait
complexes, However, & significent perceriese setivity in the
forma isomeric to the parent wes found by Seito ¢t al.? in
gig- and trang- (Co(NH,),(K0,),1(%0;) mnd b. Keddock ot al.
in gis- (co(x%)?(na,)‘]fcmna-{co(ao?)4(m3):,). ALl the
eariior studies of the retention of configursticn hev: so fer

been carrdied out only on stereoisomers of cobalt com lexes,
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In view oF the conflicting results mentioned sbove it is
desirsble to find out whether the retention of the conlfifue
retion is limited to & few cobslt complexes or con £ls8o be
observed in the similer comploxas of other medtsl ions, Port I
of this thesis deels with & stucdy of the degree of 3torgd=
specificity in the neutron irrsdisted gis- ond trengedichloro
biseotlylenediszine chromium ghloride, -

The enslyses of the recoil 8jecics rcduced in the
neutron undiet-.d 801ids heve imvariedbly bea: dome by squeous
cheristry, The nsture of the recoil s ecies in the solid stete
need not necessarily de the seme s found in the solution of
the irresdieted solid, 3Some of the metastabie s.ecies wrich
exist in the solid state rey be unstedble in solutiosn end
hence would be converted into steble forms by oxidetion,

10

reduction and h dration resctionsg, Consequently, different

analyticel techniques mey not give the same resultg, 1?17

The recently discovered technicue of Hossbauer apectmscopy“’m
cen be utiiised to throw iLight on the neture of the recoil
nucleus end its eavironment in the solid stste., In suitedble
ceses, it is possible by mesns of the Mossbeuer effect to

detect dif‘erent velency stetes of en clemert and slso to
observe the chenges in its surroundings, =1! Part 11 of

this thevi: deels with g study of the chemicnl stetes of 57T'e
formed due to the luger effect following the electiron gcesture

decay of 0057

in some cobelt compounis of verying degrec of
covelency viz, KCoFS, CoCr204, Co(!r.‘.?ai4 and Cof{ 1«10 hensne

throline);(C10,) 4. 2H,0,
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CHAPTER - 1 : INTRCDUCTION




Seversl review nrticln,"%’?’r“’w concarning the
studise or the chemicel effects of muclesr trenszformations
in solids, heve s.pesred during the lost few yeors, She work
dofte in this field hes olso been discussed ot the two interw
netional gonferences, the proceedincs of which heve alresdy
been published,” #%!  Hg pttempt hes therefore been mede
by ug to diszcuss in deteil the esriisr work on the chemical
effects of nuclesr trenzformetions in solids. Howevor, inm
order to facilitete & memningtul discusaion of the results
pregented in this thesis, @ brief review of the pressnt stote
2§ our knowledge hes been presented.

The chesiicel effects of nuclesr trensformations were
first ciscovered by dgilerd and chalmrs.gg They found thet
the noutroa irredietion of liguid ethyl iodide brought ebout
the rupture of the eanrboneiodine bond, TFermi gt ;;.?5 pointed
out thet the bresking of the Cel bond wes due to the lerge
recolieanersy imperted to the nucleus &8 a resuit of the
{8,/ rerotion, In neutron capture resctions involving nuclei
with messes renging from 20 4o 700 stomic mess unitn, the
mexinmim ocmergy the emiited gammewrsy csn have, is spyroximstely
6 to 3 Yev and henge, the recoil cnergy By would be of the
grdar of W? to 1':}3 2.¥, JIn nuglesr resctions, followed by
perticle emission like ( Yym ), (m,2n) erd {m,p) reections,



nro 4

By would be im the remge of 105 e.v. These velues of B,
far engead the bonding eaergies { 1=t e.,v.) in the chemicel
ocompounds and would inverisbly brins about the dissocistion
of the recoil-stom frow the povent molecule, It hes been
found thet 8 certain serceninge of the rediosctive stoms
sppoar in the perent form, in ouite of the fect thet the
recoil energiss nre much gremter then the bomdesnergics. The
percentege metivity occurring in the porent form wes defined
by E-lhhr" a8 ‘retention' (), He sugresied thet it arose
due to the secondary ree-entry proceases of the rediopative
stome, Gilliems gt gl.'? first reported thet the imcresse
in the tise of neutron irrsdiction of e’hFE nnd Eﬂl4;$bF6 elso
resulted in an incrense in the retention, uJoon efter this
observetion Heddock ¢t £l.°° found thet en incresse in the
retention of meutron irredisted E?Cro4 could be brought sbout
by hesting the irrsdisted meterinsl, They celled this
beheviour thermal enmerling of the radistion demespre, Similar
observetions were made by Fleder gt g.?'ﬁ in the cese of
Eﬁnﬂr Cobble mnd m?’i’ ware the first jinvestisstors to
meke & detailed study of the posteirredistion thermsl sRnanli- g
in the gourse of their stu’ies on potmssium bromste, They
elso mede the significent observetion thet the ioniszing
redistion like the gemme rays een slSo bring sbout ennesl ing,
in m menrer similer to thet of thermel smpeniing, Thermel
end redietion emnesling hove since been observed in a number

of aysteme, These develogments triggered & renewed intoreut
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in the studies on the chenmicsl effects of nuclear trans-
formations in solids, in severali laborstories in the world,
Hention mey be mede of some of the more sciive resesrch
groups,nemely, Haddock gt gl at Cembridge, U.K., dhanksr and
coworkers et Bombay, Seito gt gl in Jooen. “odson end
Herbottle et Brookhaven lational leborstory, U.,3.i,, end
Heine snd Herr in CGermeny, The numerous investigetions

nede by & number of worksrs brousht to lLisht thet the chemicel
ef’ects of nucleear trensformetions £n 'solids’ exhibit cortesin

featuras conmor to fll ay tems viz.

1) ZQost-irrediztion emnesling cen be induced thermelly,
vhotochemically or by ionizing redietioms,

?2) Mot of the smnssling recctions follow <the same kinctic
poettern in spite of the wide Qifferences in the neture of

these solids,

3) % high degree of stereo=specificity hes boen found in
the courcurrent and posteirredistion encesling studies of the

irradisted stercoisomers,

4) 7The pre-irredistion trestment of the solids have 2

pronounced effect on the neture of the snnesling resctions,

finy model jut forward $o exylain the chemicel effects
of nuclesr trensformetions in solids should be sble to account
for the sbove mentioned bteheviour of the irradisted solids,
Jevernl models heve indeed becn sugrested %o exylain the
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chemicai efiects of nucleer tronsiomotions in seiids, &

orief ené criticel roview of these models is given belows

?J.bby3 proposed thrt the centrs’. ptoms of the comuiex
ions iose some of their ligends during the (n,Y ) resction,
The removel of the lirsndejons from the complex-ions of the
metsl csn lesd to differsnt metasteble 3sccles, For exemple,
in the nsutroneirradirtion of I»‘Hnov Tregrents such a8
"Mno;, ’Nnog*, 'Hnos’ and *un’* gre iike'y %20 be produced
The retention is then detormined Ly ths extent to wiich, the
hydration or reduction of these ‘rarments tales -lsce,
Hy.-etion would leed to en increese in the retentiocn, while
reduction would have the opposite effect on the vaiue of

retention s shown below:

(1) *Hno;' +EQ — ’m‘; + HY (Hydretion)
(2) 4.;4,0; * AH —> 47End, + 30, « 48"% (Recuction).

Meddock and cowarise.v:szs3 aade use of “4bby's h /pothesis to
exp.a2in the thermsleagnnealing behaviour of the neutron
irradinted chromrtes, According to them, the irrsdistion
of solid ;.'ZCrO‘ produces metnstrble species such es

‘9103. ‘Cxog’, ‘Croh and ',‘(':1'6+ .« Or dissoiving the
irradieted crystals in weter, the first two fragments hydroe
iyse %0 the chromete snd le rd to retention., The latter
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two species ret reduced ( before hydrolysis cen tsmke place )

end would give riss to the se,ersbie \;,.3* activity.

However, on the besis of the above rechanism ¥ad. ock
et ﬂ.?g'” could not ex isin the results of the post-
ircndiation annealing beheviour of the irradinted jotessiun
chromste. They, therefore, ex:leined their results on the
besis of & recombimatiot usroceas enamlogous to the growth of
thin oxide film over metal substrete. Besed on Hots's !
trectuent of the growth of thim oxide films they derived
an expresai,n for the rete of increase of retention a8 2
function of temperciure, viz.

= exp ( = w/i? ) oxp (V/k¥x }

a5
”~~
-
~

shere X is the sepersting distsace of the frarments gt time
'¢*, T, the sbsolute tempersture, k the Ioltznan congtent,
'V an glectrostaotic potentiel snd u, % 'e sctivetion energy
berrier opposing recombination. it woo suggested thst the

enrenling takes plsce through » primery resction, such 8s

oot « 05 —> Crod* (2)
whece the oxide ion io mobile. The product Cmg* iz hydrolysed
%0 chromete on dissolution. It mey be poimted out here, thatl
gccording to this mechenisa, the s.coies ~n‘.)g’ which wes "
originally sssumed $0 bo reduced to the triveleat chromium

(pece &  in this thesis ), now lesds to en incresse in the



retertion, Maddock and deleine also ex lsined the results

of Cobble end lioy@.,27 on irredisted bromete by mests of this
mecheniem, The ssme rodel wes ussd in exylsining the results
of (n,Y ) resction in @ number Of nOB-oXyenion systems €.2.
ferrocene” - hexemmine cobelt ciloride,”” potessium chloror-
honite,>* heoxahalo complexes of Iridium sul Osmium, % ete.
Reuschar g Sle’’ ettributed thermel anneeling to & recombi-
natisn reectlion of the tyve

co(ca); +«+ X" — CO(CB)E

nad ddentified the differwnt h dration snd reduction staops
leading to the retention,

#addock ond eoworkers CP<Y neve in their deteiled studies
on the chemicel effects of nautron irradisticn of potassiun
chromete established the role of inheremt crystal defects ®
and preotrecisent of the tsrget meterial on the poateirredietion
thermel snneeling, They showed thet crushing, irredistion
with iloniging redietions, doping with aliovalent cotions or
sudden quenching prior to neutron irrsdistion incroezed the
gusceptibility ta thermsl annesl, On the contravy, prior
heet treatment brousht sbout the oppesite bshavisur wiz,
little tendency to tharmel ennesl., Meddock et gl.”® therefore
auggested that sanesling required the perticipstion of some
defects auch as ¢ vacaney and that the dofects diffuse pre-
fereatially towards the freguents close %o shem, and th o
interagtion between them I ads to an ingresse in the retsntion,
The repid snnealing step correspords tothe snnesling centers
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situated neor the defect; the ertent of enneslins inerussos

with tempersture end the process is of the firgtmorder,

it may be pointed out thst this model wes »uat ‘orwerd
%0 explain the recoil efiocts in ionic com ounds end the
extension of this model to com;lex systems of metel chalates
is difficult to visuslise,

Atesgtitisi~vacency recombinstion model;

Eesed on the original work of Urown et gl’! for simple
monoatomic erystals, NHerbottle and -';Iutin4 Zeve o more gerersl
descriztion of the recombinetion amodel, They zuggested thst
the ennerling involved the mecombinstion of sn inte :8titinl
recoil-aton with & vacancy, controlled oy 8 diffusion process,
A vecency in the comylex erystal was defined ss e irap
conaicting of a fregwent or eny gpoecles cgn.gule of chemicel
combination with the interstitisl astom”. io the oxyanion
systems like poteszium ciromate the recoil 51c:~ eton mey come
to rest et an interstitiel position end the correlated vscency
woul. e the cluster of unbonded oxyzen atoms or oxXygen ions,
The rete of recombinetion on this model is then given by

Bhp= Bd = la (fum B ) <Vt (2)

where £ , R, =nd ®_, represent initial retention, retention

et time 't' end retertion at infinite time of snnesl, V. the
jump-frociency of the vacsucy or the intecratitiel, The :;uantity
Boomit/ e R, 48 the frection of interstitiel-vecency peirs



still uncom-ingd ot time *'t', Thia'ex”.u'ressrzon rives rise %o

s chence in retention as 2 function of the time o7 gnnesling
gimiler to those observed ex;erimentally, If the intorstitisl-
vegceney pedrs sre spetielly correlsted it results in e unimoles
ler recomvination resction, An interstitial shich does nmot
bDopr such g correlstion would ¢ive rise %o e bimoleculsr
recorbinetion resction, It mey however be roted thet &
necessery condition of equetior {1) is that the extra-oletgd
resolved linmesr comgongnts of the ennesling cuives should

<
give the same values of the interce.is ot & = 0.7

} similar molel wes sisc used esrlier by Zuber?}g to
exyloin his results on the neutroneirrsdisted dgxirg - tris -
ethylencdismine cobait{ iIi) nitrete. in Syite of the grest
conplexity of the molecule snd the high recoil energy gx.ected
sor the (Bm,Y ) resction, the .ercentsge aclivily in the
prascnt isomeric form wes found %o incresss from 4,6 & to
63,2 © on posteirzedistion isothormel snvealing st 80°C,
w83 suggested thet after the ejection of the cobelil ston due
20 recoll, the ligamis i: tris-gthylenedianine="0{ 111} nitrute
wove preserved ir their oririnal position with e cevity in
the place of the cobelt stom in the original molecule. The
recoii-ptons shich crme to rest just outeide the skeleton of
the oririnel molecule diffused on thermel trentment, beck to
the orizinsl molecule due to coulombic attrection giving rice
t0 retention, As the distence of se arstion becems grevter,
it became less likely For the recoileston to return to the

origingl site. it3 fete was then detexmuned by 8 raxdom
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éiffusion process, The fest snd the 2low com,onents of en
annenling curve were Suppozed to corres ond to the quick
re-antry of the recoilentom which 4is in the  roximity of tho
esvity and the slovw diffusion yrocess of the recoil-zion ¢o
tha noizhbourhood of the cuvityecow lexX res.ectively.

Heine pad Horrw explained their results on the neuiron—
irredicted hexehalo complexes of Iridiue end JOamium using the
above nodel, Apers and Capronw expleired the 1s80to.ic effect
in zinc phtheiocyenine by means of vacency=interatitial

reconbination model.

it ray be mentioned heXre, that it is difficult %o imeginc
how the lirsend-sielaton would escape desctruction concomitant
40 the recoil of the cenirel metsl etam, 7orm & 'vecency’ erd
then suzssquently recombine with the inferstitisl recoil-ston
on therzal trestoent 20 give bdack ‘he recongtituted pmrent
molecule. The definition of the 'vecency' e2d the ‘inter-
gtitial' presented for simple ionic crystels of oxyselis loses
its significance, +hen ep:lied to com)lex orgenomotallic aystor
vhere the centrel metel etoms mre very well shielded by the

ugnnd molacules,

Hot zone models

Hexbottle and sutin’’® mede use of the displecement s, il
concept, originelly sugrested by leitz and i‘iohlor“ for
explaining radiation dmsoce in monoastomic solids end put forwe:
the hot gone model %0 explain the chemical effects of nucleer
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tranaforagtions in splids, the main festures of which saxe

given below:

According to the hot zone model the recoile-onorsy is
dissipated in displacing stoms fron thelr nommei sites in the
eryatel lattice ( displscement-spile ) end through heeting e
small volume of the crystsl ( thermeles;ikes ), The *thermel
Spike’ comprising about a thouaend stoms remeins gbove the
melting tempersture of the crystal for about 10"1‘l sec, Guring
which the chemicel resctions such as freeersdicsl resctins,
cherge trensfer, ion molecule reactions end exchange rescticns
have reassonnble chances of taking place. Due €0 the re id fell
0t the tem erature of the hot zone, the resctions which cennot
be completed ere quonchaed duge to sudden ¢ooling of the hot zom,
suvsecuent hecting of the irredieted solids allows some of
the guenched resctions 0 go to completion, givisg rise to ths
experimentally observed gnnesling dehaviour of the irrsdisted
solids, 7This model has been used in explsinicg the results
of & number of studics® —'C on the chemicel effects of muclesr

trensfornetions in solids,

The increasze in retention during irredistion end
subseuond hesting hes been expleined on thic model as dw to
the chenmicel resctions in the 'hot zone', Some of these
rerctions cer 2130 be expected to leed to s decrcase in
retention, Hovever, 0o unembisuouc exmnple of a decreese in
the retention due to ennesling hes deen reported so far, This
model connot 8lso ex:lain the obaerved retention of confisu-
retion in some irredinrted coberlt chelates, It should be borne



13

in mind that 'the displecerent-s;ike con.ept' of Seitz end
Kohle, originslly used for the éionmgmic solids, when

suplied to com lex systems like those of the metelechelotes
would lesd to energy dissipation over a much larger volum;
Hence the concept of 'hot gone' would lose its significance

in such ¢coses,

In order to explein the hich degree of steresspecificity
in the aamumﬁt end posteirradistion anneslin-g resctions of
cobnlt corplexes, Zuber gt gg,ﬁ coupared the annealing behaviour
$o the recrystallisstion process. According %o thenm, the
undisturbed erystalline phese sround the recoil-site scis as
8 templste fror which, on hesting, the reerystallisstion
sterts lesding to the reformetion of the original complex in
its forrer stereoisoreric form., This may be regerded es @
tracsition fron the disordered stste to the ordered stete.
kten gt gl.'! had elso sugrested earlier thet therssl sunesling
may involve, in addition to chemicel recombinetion processes,

@ physicel reconstitution of the disturbed parts of the crystel

enalogous to the recrystullisetion process,

of panealing of metel films could be interpreted in terms of
reconbingtion of defects distributed in sctivetion energy,
?rmskw gove e methematicsl analysis on which the gnnesling

kinetics cen be trested visz,
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1 d 5
PolBy) = = T o) (3

and
o = k7 la {Bt) {(3)

where p 4is fraction annesled ¢f tire t, T the sbaglute
temperoture, ':‘,o the cctivetion enersy, Kk, the Zoltzran
congtent and 3 is en erbitrorily chosen conatent in frequerncy
units, The prope:ty P, 7Y then be *cken 40 signify the
initiel distridution of the mesaured uro.erty, velenti.n

in the gresent cese, Iy plotting p, esuinst &, one could
#et cn ides of the distr.bution of the sctivation emergy,

Hervottle end sutin' mede use of this yriaciple ond

enolysed the rvsults of Neflpine, Heddock end Teugbol” '

on neutron irrsdicted potassium ciromste., nsokus and ;a1:'0
use¢ this concept 0 exXyolain their resulilis on neutron
irrpdioted Lo{ iil)=acetylacetonste diluted with aluminiun
end rhodium scetyleceitonstes, (:om:eya"31 zede use of this

model 10 anmlyse his dete on hexermine cobelt nitrete.

xomea‘—’? orizinally employed the concepts of Vand ernd
Frinak for radistion derege in monostonic systems, snd took
into sccount the possible exapgcrrtion of experimental ervor
.in teking the derivetives from ex.erisentsl curves.53 in the
Sgilard Chalmers studies, where the veiues are laas asccuirete
this method is not frequintly used,
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it has been su rested fron time to time thet the
electrons erticipate in the ennealing of the metastrble
species to give rise to retention and that the isotopic
exchanye in the solid betwgen the perent compound mey pactly
be responsible for the ovserved therzai anneslins of the
irradicted 80lids.”* 9  pmar isth gt 81.° heve recestly
put forwerd & mocel which they cell as "the vericble depth
electron trep isotopic exchrnge model' to explsin the saneelins
behoviour of the irredisted solids, The gslient festures
of this model ere:s electron traps of ve:inble depihs (cneragy)
ere formed in the irrediested soli’s @s & result of the inherent
erystel imperfections erd impurities in the solids, as well
es due t0 the concurrent gemg redigtion sand faat noutron
flux in the nuclersr resctor, Such tre;ps ¢srn alse be forred
snd populeted by the elcetrons :n the recoil=treck o5 o
result of frasrentetion and the furere-electrons emitied due
to the internsl conversion of the pomme-rnys fror the lonier
lived low encrgy nucicar excited s*rtes of the recoileston,
These jopulasted traps cen sct es donors during subsequent
thernel ennegalin: of the irrasdisted s0lids, The kineties of
therzel or rodiation enueal.ng of the irrsdisted solids is
’oasontiauy control.ed by the rate of relosse of clectrons
frox these tra.s, The snresling provides the necesacry
energy for the relsese of the electrons fou the populeited
treps, The relessed electrons ere captured by the metastable
recoil species ( which is believed to e 60(:02* ion in
cobalt chelates ) to form 6000" ion or 60Co etor in the
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excited strte vhich reucto ingtenianeously with & neighbouri:.g
ingotive chelete resuliing in an igotopic exchenge in the
solid stete thus:

{ 60302’ ]‘ +ve —> | 6030“ ) (Sxcited stete)

+1

=

r90co" cnolate) + 22Co

50c*™ 4 1970 chelatel s
The insctive { gy* 1 ion thus . roduced &s & rcesult of the
second atey een lodre itself in sny intecstitiel sos:tion

end would not be detectied by eny rediotetric nethod of eotie
rotion, The observed multicorponent ex.onentisl anncaoling
which is @ function of tempereture is due to the diffcient
rates of relense of the electrons fror the zlectron tre s

( donors ) of diffe.ent Gepths, .inm suy ort of the sostuircies
of this model, Aner ieth et al.9%" heve yointed out thnet

the cobalt chelates which show considersble isoto:ic exchenge
ia the solid sate olso giys § high velue of retention gn
thormal ennesling & fier noutron icredigtisn, but chelates
wiiich show no isotopic exchamge in the zolid stete exhibit
1little thermal snnesiins, The kinetics of the isotopic
oxchanre resction in 301lid gtete end thermsl snnealing of the
irredicted solid cobslt cheletes appesr %o be very aimiler,
In pdcition, it hes deen shown that the rete amd exient of
annesling of the irradisted re tel chelstes is retexded in

the pressuce of elecetron scce;ting ambient like oxyren (eir’,
and hence the rete of snmnealins end the saturstior snnesling

ere hizher in vecuur or inert etros here as corpsred to thet
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in gn grbient of oxyren ( wir }, This model aprenrs to

explein the differsnt as.cots of .osteirrsdiation snnealing
bghaviour on @ very sim:le end ele:snt picture, However,

this has been put forwerd very recently and it heas not yet

been utilised by other groups of workers to exy i@ n their
e:perizental results, It mey be pointed out that it is necesser
to esteblish that the recoil species in the cobelt cheletes

1a Co*? and thet the Co'! or Co® is formed os m result of inter-

getion with the elecirons,

The Disoxder Model:

One of the more recent models jut forward to ex.lein
the cherical effects of nuclesr $ren sfo:rwetions in s0li-s is
the 'Disorder wodel® of Miller.' The model hes been dorived
ot the basis of the gererel results obtaiuved by Vineyexd
et 33.63’64 on the computer cnlculations of redietion darese
ir covper. Accordins to this rodel, in a (nyY ) resction, the
recoil atoz of sbout 100 e,v, energy would ilose its kinmgilic
engrgy very quickly amd come to resi within e few interetonmic
diatences f oo its originel site, There is en upper limit Bey
for the cuersy of the recoil estom below which the vnergy is

dissipeted by focusaing ecollisions or 'focuaons'65

alon; the
crystel lettice-lines without any treasport of materinl.ss’“
The velue of By devends upon the direction of recoil velocity
and the noture of the metrix, TFor recoil erncrgies grester then
SP, 8 vacancy is crested due to the roveront of eech ston fror

its originel position to the positisn of its reerest neirhbour



18

-

foroins @ 'cmw;tior."s" ond the:eby leeds to tromns,ort oF
bath mete isl end energy, in contrpst o o 'focuson' which
involves only trens.ort of crergy, & foeuson le:ds to
retortion sine little tronsport of the moterial is involved,
The rancrel ders~e t0 the lattice ir this rodel is very
snall, The rise of tex ereture in the resciion rogion is

snplier and of shorter ducation ( L 10"12

sec. ) 88 con.nred
to the hot zone model, The resction region would thexwa;t‘om be
such lesa disturbed, The disorder center is Rrred only

when the recoilegtom is nesrly et rest end hence the extent

of disorder produced does not depend upon the initisl encrgy
07 the recoilepton riving rise to similar smnesl ing beheviour
of solids efter (n, ¥ ), (¥, n ) snd { n, 2n ) resctionsvhere
she crerdes of the recoil ere very different. “he reeoil star
in its new positi o after heving lost its encrgy, ray heve

the properties of e chermicel corpound end ray rereln intect oo
dissolution or My undersd & chemicel vencti:n with the solvent,
Alternetively the recoil stom rey be iu & zetestoble state
which plons with its neichbours mey be considered as @
diso-dored refion, Such 8 disordered region ray rive rise %o
the ae,s‘:rsble acti- it:,—' on dissolutisn or lsnd to retention

on entezlins, In the disordar molel, the defect controlled
ganealing behaviour iv interpreted es beins due 1o simule
chezicel trensfer recctions, 23 the defect uyroyerty auch es
ebnorvial cherge, sbnormscl eoordiant or ete, mre not pervate:dly
a@ssoc.rted with the primery recoii-species, they coen be

trecoierred to other atoms in the kttice, The grester tha
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retio of the defect-gssocisted rediosetive ctoms to the
nusder of ctoms taking pert in the transfer reaction, the
grerter will be the retention,

#iller' hes tried to exylain on the basis of this
nodel, the verious welleknown features of the chericsl effacts
of nuclesr trensformetions in solids such ez the isotoye
effect, the retentioa o configuretion of storeoisomers, md
the enreszling behsviour in the mixed crystals, ;v;t snould
however be pointed out thet a cleer picture of the verious
gteps leading to the fo:mstion of & disordered region is not
yet &veileble since simuletion by computer celculstions has
not so far boen possible. Heddoek67 hes pointed out that
the focussing collision: mey not pley eny importent role in
the removal of anergy from the recoileaite in complex
erystels normally used iv the studlies of chermicsl effects of

nuclear transformetions in solids,

2uber and co:or‘seraz woere the first to re ort the
retertion of confisuration of stereoisoxers of cobelt
cheletes during the concurrent end the ,ost-irrsdistion
gnnoe ling reesgtions, They re.orted thet the neutron irre-
diated dexirge tris-(ethylenedianine)j=gcobalt(liil) nitrate
geve an initiel retention of 4,6 X of the dextro form, Ou
enneeling the irrsdiated chelate at 80°C for s time



corresponding to the platesu regimn, the percentasge activity
iv the ysrent dgmtrg form incrersed to 69.7 as comiamred to
an incresse t0 3,1 of the lovo isomer establishirg that
there wee @ high degres of retention of the original
confisuratiosn, Costes et 31.68 also re orted similar
reaulis, As & nstursl gstension of these studies, Rauscl_aer
end coworkers69’7° _datex:mir-ed the percentese gctivity in the
¢is ond tragng forms of the reutron irrsdisted geometricsl
igomera of dichloro-bis-{ethylenedicmine)Co(ili) nitrete.
They reyorted thet both 38(:1 and 6Ocra activities were
present orly in the .ereni isomeric forzs after ngutron
irredietion es woll &s at different stazes of thermsl
anncelinz. The initiel S0cl end ©0Co eetivities in the
irvodioted gigeisorer weve found to be 12,5 ¥ gna 3,1 7
reopectively as compared to 0.4 # end 0,1 © in the tremns
isomer, In thormal annealing at 16000 to the cletesu, the
retention of 3801 end soco rose to 65 & erd 52 7 res ecti-
vely in the perent forz but the percertese sctivities in the
isoreric forms remmined negligible es dbefore, The neutron
irredieted trens form Jeve gimilar resulis, Dimetokis end
‘naciock'| showed thet the configurstions of these isouors

ere 8lso preserved during enneelin: with high energy clectrons,
On the other hend, Bolf'® reported thet the gig- ard the,
szeng-{Colen) ;1,](80;) geve rise to significont yercertsge
activities in the isomeric forms in a (R, 2n) resction,

.eu s ethylencdiamine,



seito gt ﬂ.'o in their studies on cise end trons-
[Co(lm,)‘(KOQ) 2](303) also found thet there wes no signi-
ficont degree of stervospecificity in the (n, Y ) resction,
They observed 11,9 % and 6.7 % °Co sctivities in the
isomeric forms as compered to the retentions of 20,5 £ end
23,3 % in the gise snd the Lrans isomers res ectively. They
had, however, earlier nportodn lower yercentege activities
in the isovoric forms, Meddook end coworkers'W studied in
more deteil the behaviour of a number of neutron irredisted
nitrognrino-gobelt comylexes viz.

1o [ Collifly)5(H05)5]

2. txane~ Co(H0,) H(4H,) o] trang-{ Colii0,) 4 (Hils) )17
3o @doe Co(i0,) H(HiH;) 1 4rane~{ Co(HO,) o (ML) ,]™
4. fxans-{ Co(0,) H(iy) ](H05)

5. (§H,) *fxene{ Co(i10,) 4 (AHz) 17

In 811 these comploxes, except for compound 10,3 thoy
obsorved a high degree of stercospecificity in the resctions
teking place during neutron irredistion sné sudsequent
thermal end radistion snnealing, However in
eie<] Co( 10,) ,(NH,), ] *trens<] Co(40,) (W) ,]7 they found
11,6 % t0 39.1 ¢ °°Co eotivity in trens form
[ Co(H0,) 5(HHy),1" , the isomeric form of the cstion gie-

{ c::o(loz)?(lﬂ!;)“]+ as compared to 1 to 4,5 # in the parent
foram depending ugon the irradistion end annealing coanditions,
Very recently end after the completion of this work reported



in this theaig, Liu et a_l_.‘m siowed thzt the original
isomeric coanfiguretions are preserved in gis- and 1rp’ge
[Cr(en) €L }{K0,) durin: e {n, V) resction,



CHAPTER - 2 : EXPERIMENTAL PROCEDURE
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Cige] Cr{en) ,01,)C1

The preparstion of cis-[Cr(em),C1,]C1, as described
by Rollinson and Bailu?s involves the following ste.s, viz,

1) %2(304)5 % 6 en* —» [(:r(en):,’]a(':x)‘)3
2) [c‘,'x-(gn)sl2(.‘#:'.’)4)5 - 5!161—-)[01-(0&!)3101.5 + 33{2504

3) [Cx(en);]0L, :ﬁ%» [Sr(en) L )CL

“an [ ethylenedismine |

The last step is known %0 procecd only in the presernce
of esmonium chloride ma ceatelyst, Seversl methods heve deon
sué'matod?s for conteminsting [v'r(en)S]CI.s with erconius
chlo:ides It was found that a 1 & smmonium chloride solution
uses in step () geve the most satisfectory result, The im ure
srotuct obtained, was .urified by quickly dizsolvins in weter,
contsining @ few drops of concentrsted hydrochlsoric seid,
hesting the selution to about 65°. end gooling the filtered
solution in an icewsalt mixture, vhen the red~violet ngedles
of Ciswl Vr{en),v1,]CLH,0 erystellised out, The ;roduct
wes sgperated by filtration and weshed with aleohol snd woler.



The enhydrous product wes obteined by dehrdretion in a
vacuun oven =% 90°C {yield 35 % ).

Trarns Cr(en) ?C 12] c1

[c:{en)5];:13 prepered by the vethod described esrlier,
wes used ss the startirg material for the sre sration of
tr:-.ne-{Cr(on)?clz)CI according to tre followinz rocedure

4) [Cr(eu)scls} + 3iH,800 — [Crlen};](5Ca)5 » 31,01

5) {or(en)z](SCli)g ﬁgﬁé—,} trene-{ Cx(on) o( 50B) ;] (503}
o L2 :
6) trensel Cxr{en) ( €}, J{CE) -;g:) trens- Cr(en) C1,]C1,

7he chlorinstion stepy (6) was cerried out as described
71,78

by 2feiffer The product ovteined is impure end ususlly
conteins the sulphete ion, A ssturasted solutiom of this
impure product wes prepered in concertroted hydroghloric acid
and by sllowing the solution to eve.orete in e desiccstor
over concentrated 825 4 the bluish green scid chloside
tx-c.,;,-;..{cr(en)2012]61.!!01¢25§20 was obtained, The ecid chloxide
+hus obteined wes dissolved in 30 ¥ hydrochlocsic scid solutius
end preci.itsted by the addit.on of slcohol and ether, The
sroduct was then dried st :oa°c. Anelssisc of the cor ounds
geve resuls corres onding to the molecular formuls

[Cr.(on)ZCLZ}vl.



fualyses
a8 ™ i cl 1‘!20

Ciae{ Cr{en) 2012](1 1.0

Theoretical 612 16,19 18,88 35,8 5.08

Bxperizentsl 645 175 19,0 34,3 6.4
Prens] “r{en) ,C1,]C1

Thaeoretical 5.7 ’7.3 20.’

Sxperdmental 5¢7 17,8 1344

The chericel #s well 83 the isomeric purity of the
complexes were furither ¢oaficrred fromz the osiiion of the
eosor tion pexire snd molecular extingiion cosfricients,
determined by teking th::ir u,ve =nd vizible sbsorstion
gpectra in O, ¥EECY solution of these comslees in @ Jerkine
Simer vecocrdin. spectrophotowetsr, <Solutions of cise ond
trens=l vr{en) C1,]1CL in 0,15 HCL hed sbsor tion maxire ot
525 mu end 396 mu with molec.ler extinction coef’icienta
of T1e5 M" ca" end 32,0 3%"1 ca“ in good sgrecrant with
tose ruyorted earlier:’g'ao (Fig.1)

b) Ceunting Proggdure

51Cr ectivity was counted by meens of 8 gaulgersy

sitlo channel scizntil ot on opectrometer of 0NO ©ICIO-
second resolution time, supplied by luclesr Imterprises IAd,

Uslee Counting wes done in two different geometries,
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(1) either in o 2z geometry with 3" thick and 3/4" dipnmeter
HaI(T1l) erystel coupled to an EMI 6097 B photorultiplier
tube or (2) in & well type coumter (HE 5502 type ) conteicin
2:" thick x 11" disreter KaI(T1l) crystel with 1]" diemeter
x 1 1/2" deep well, coupled to sn il 6037A ,hotomulti lier
tude, In ell these coses only the counts under the 200 kev
rhotopesk of 516r wore determined,Bue to the low countins
rates no correct.ons due to coincidence losses were ¢nl ed
for, Lo correct.ons were ayplied for selfegbsor tion,
since the absorytionm of 320 kev pesk by the solid sam, le

of lesd chromste or the irradisted co=, lex wes nesligible,
The dote civen in fiie,’ show thet the sct.vity of rn
sliquot of S‘Cr solution does not chenge by incresaing the
quantity of loed chromate cerrier fro= 50 mg to 50 oy,

The irrodisted semples were counted, & cou.le 07 weeks
after the irrediestion, end herce tiere was no contribution du
to the sotivities of shorter lived isotopes lile 01, 17:,
135, 3%1, 5%+ amd probedly O°v ( produced by &, p resction).
The loncer lived ,ure bete eritting isotopen like "C. 36(:1.
%5 will not be counted in s NeI(T1) scistillstisn detector.
Any ect . vity, yet unidentified is also mot likely to comtr.oul
to the observed S‘Cr ectiv ity since only the counts under ¢t o
370 kev photo=pank were noted, lo corrections were eppl.ied
for the decay of 27,8 4 c"'(::- ectivity, since ell the sar ic.
of £ perticulor experiment were counted on the sare day ond
the correcti.n due to decsy during the istervaei of counting
o8 negli ible,
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¢) Axzmiiationg:

Aliquots of the senyles, preyered in e sinsle bateh
wore used fo- meutron irrciistions, The sexples were seeled
ir querts tubes in eir, before being subjected to neutron
irredist.on, The irredistions were cerried out et the reector
irradist on site temperstures in either the Apsaru or Citrus

resctor ot Trombay, with & noutron flux of 1,2 x 10‘? or

10", - ue."‘ for & period of ¢ hrs or 15 nin,
respectively, An estimste of the esicurrent ganrearay 7lux

ot the irrsdistior sites wes not eveilable, The irredicted
garples were received st Poons nfter gix deys, end thereaftor
they were stored in the freezer com.scrtment of the refriserntor

until used,

¢) fargalins Progedure:

£liquots f o= the meutroneirrasdicted ser,les vere
teken in gleass visls nsde from thinewalled ,yrex gless tubes,
{f0. thermel annee ling, /anealing for sho-t duretions were
done in en oil beth, with tespercture contrelled to = 1°C,
The ssmple wes kept 4in e copper block inside the ovem to avoid
terpersture gredient effect,

e) lsotopig exghence in solutions

The oxperimen's to check the sbsance of isotopic exchense
in solution were carried out, by dissolv ¢ 50 m,yms, of the
corplex in sbout 20 C.c. weter, snd by adding 10 X of 'Cr
sotivity froz en squeous solution of - 'vrCly. The setivity
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in the “Ycr”* form wes then seyersted, by the mdditim of

4 n, gus of Cr” carrier and the pyrecipitst.on of vr\»ll)} by
zoens of dilute smmonis, Ihe solution was then centrifuged,
The mpernetent wes further purified of sny residusl 2
ectivity by two nmore edditions end precipitrtions of ehronic
chloride enrri r, The su,emmatent cortainins the gig- or
ixane-{ Cr{en) C1,]C1 complex end i*s squated proiucts were
mede up to 50 =1, end an sliquot of this solution counted for
the ectivity of 320 kev, gerro=rny, No isoto;iec exchence
between frec Cr’* snd the gige or the irmne-{Cr(en),C1,]C1

and i*s squated product: wes ovserved et roor tempersture

( 75-30°C ), Similer exc ense experizents with  aqueous
solutions of r..‘,":ro‘ end the gis- or the irsng-{Cr(em).Cl,]C1
showed no detectadle 1soto;ic exchenge between hexsvelent
chrozium and the com, lex and its squeted products, The chronete
activity wes precipitated et yli 2 to 5 as leed chromste Dy the
2ddition of lesd nitrete selution,

f) Analrged of the xecoil products

In @ (n, Y) renction, [Cr{en),Cl]C1 18 likels o
give s nuaber of recoil products in sddition to the original
complex, Bosides Cr’* recoll s;ccies, one cen slsc exvect
"cr®* and the equnted species of [‘:!'(ou)231..‘..]61..&"81 It hrs
boen re;orted thot the seperstion of  r°’ smd -r°' in the
presence 07 their carriers is dDoset with & number of difficultie .,
Meddook g% ml. heve re orted O thet it ray be ,o:sible to
effect the seperstion of Cro* end Cr®*, if the preci. itstion
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of Crs

* a3 leed chromste is esrried out in the fi-st insterce,
sicee the precipitetion of Cr ' as Cx((H), eerries e major

portion of the sotivity cr".

1) Detersimstion of Gr' petivity

In order to determine the sctivity esuocieted with
sny any possible v'rs’ species in the recoil products, sbout
100 =, gas of the irredisted gis or irsrs comylex was teken
o0 @ thin slusminium ;lenchet, and counted for its ’'Cr
ectivity, It wes then quantitatively trsmnsferred into a
centrifuge tube, dissolved ir em scetste duffer solutisn of
pHl 3.5, containing 10 m, gms of Crs’ cerrier 88 K, or0, ond
20 w.gms 0f “r°* gerrier @s ¢ rom ¢ nitrote, Lesé chromote
wes precipiteted by the addition of leed nitre e to the avove
solution and the pH of the resultant solution wes sdjusted to ',
The mixture was then cemtrifuged snd the sujernstent rejccied,
The precipitete was wes ¢d well with 30 cc ecotnte buffer,
trensferved into a filtretion dise end weshed thrice with hot
woter corteining treces of nitric acid, The leszd chromste wmms
then tronsferred into & woished eluminium planch.t, dried,
wol hod and counted for 1ita metivity, After correction for
the chemical yield, it wea Dund thet 12,5 % snd 6,7 £ 'Cr
ectivity wes associsted with the lend ghromete ,recipitoted
f-oo the solutions of irrsdirted cis- end trenc-{ Cr{en),C1.]C!

res, ectively.

In order to confiru thet the notivity eassocisted with
leod chromete 1s indeed Cr ', high voltsse electro. horosis
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enalyois st 0°C of the irredisted gig- end frmns-
[Cr(en),C1,]C1 wore carried out, An electro horesis equi -
ment similer to thet doscribed by Shanker et 01.82 was used
end is shown schemsticelly in fir,7, Electroshorosis wes
corried out on 56 en, long snd 2,5 cr, wide Ho,J ¥Whetroen
chronstosrayh pajer w ich wes sendwiched beotween two gloss
slates, soeared with silicone gresse %0 lwe, their surfage wotler-
repellant, 100 XN of the solution of %the irrsdirted complex
ves trecaferroed ¢ tho center of the stripy end the ylestes
cooled to 0°C by plscing on ice-cold tank over them, After

an electrophoresis of three hours et 630 volts, the szoer wns
dried, cut intostriye one centimeter wide end counted in @
well typed scintilletion counter,

The electrophoresis of the irradisted complexes were
corried out in 0,1 X isClo, and 0,01 ¥ aclo‘ es the suproriting
electrolyte since this medium wos found to give the best
sepnrstion of 5‘0:" end 5'01-" sotivities, ( Fig,3C).
Sxporizents were eisc cerried out in 0,1 & HeClL + 0,21 5 HC1L
sedium to see whether resolution of the different recoil
products 18 ocsidle in thet medium, (Tis 3P lone of the
exe-iments with the irrsdi-ted gis or tramg [Cr(en),Cl.]:1
indicateé the pressnce of sny eniounic s.ecies in the solutiov:s
of the irrsdisted conylexes, The res:its, 28 illustrrted by
the histosrems, confirm thet no Crs’ sctivity wes produced ns
@ result of (m, V) renction in gige or tzane= .r(emn),-1.]Cl
end the 5‘(::r sctivity sseocisted with the FboxQ, is due to o
estionic aspecies co=prociyiteted with lesd chromete,



£ -9/A ¢
013007 oen onguaudde
® R so l.%&w 3«!5" v .d«-ﬂuuuﬂ- s

‘NONTS -3 anNy STICOMADITE -G

CTLVITSEN IO - O ¢ MMUESTAwS -§ SINVL X FASYIS - v

M
-

_

v : \
/ 7 ) 74
s

|
|
#
\ . . JJONC P g . “
_ *

! SgsEEc | N TNy

e — —




¢ (gop00ds OTQFEE0] FO SUCLY of oyj 9390Tput SAOXIY ) eounodued
¢ POTTOAVT JUSIOZFTP ;0 SweiIOIBTY e T0020Yd0X300TE T(ds )" Fie

Sdlyls 40 d3I8WANN

02 9l 2l 8 2 0 v g 2l At
" v v : — : °
v 2 . .
OI2H N10-0 + vwo_uaz NI+O loooz
( 0%H) 4D /
+¢ 1S looow
+¢42
0
4000l
YOI9H NI10:0 + YOI2DPN NI-O
s 2 {0002
0
S 1S 42
o0 {oo0¢
0
- Joos
Y019H NIO:-O + YOIDDN NI-O
€ 1000I
o)
+¢ Y019 g + 4 ¢49g =
+9 1006!
. ST ——— T TR e T TR (o]
19H NI 0:0 + 120N NI-O 100z
X31dW0D Q31VIgvyyl 3H1 v 6
vol? WO¥4 Q3aLVH¥VL3S 4¢4D
[ e : L — Y —o
{001
2(0° 2
g.0E(0%HI°u903; (2) S &2
+L 192U 303 (1) |
m 12 £2192u513 3-$1 A317138V1 (g2 T
= L
002
L 2(0%H) D1 (€)
% [oYexs
Lgl &0%H)3(ud) 2 (2) 9
1902122(ud)401-51 (1) 009
I 2 p
2L 215 (udsd1- 515 Q3LVIGVEY] 008
—— B . > ~ e = =~ - o R i — ——— — gy e R o
) ‘B
I9HNIO O 00%
-+
< 008

I2PNN 10 +

43d SLNNOD

S3LNNIW



a1

The sbserce of Cr’* wes further confirmed by the
foliowing exjeriment, .in sgrecnzent with the results reyo:ted
by Meddook g% al."® we slso found ( Teble 1 ) thet wen
Cr(0H)y wes precipitsted fros e solution containing 1.5

end 5‘6:-6’ ectivaties, the chromic hy’roxide preci, itste

cerried all the Cr“ sctivity elong with the Cx” ectivity,
“he results of the experiments nre summerised in table 1,

It was therefore decided to enrry out el:ctrophoresis of o
solution of 'r(':ﬁﬂ’. precipiteted from the solution of the
irredisted complaxes, Jo snionic speciss wes found in the
electro horesis experimerts (Fig, 4), further confirming the
ebagnce of z"CrO‘- species in the reecil products of irre-
disted cis= or trons.| (r(ea),C1.,]Cl, Kavins thus unesbi-
cuocusly estoblisied the odsence of Cr" in the reooil ;roducts
of the irredisted gig- or frsns.{ Cr{ea) C1,]C1, ell fu.ther
ex,oriments on the determinetion of 510:‘ sctivity as Cr}' :
cig or m.-[dr(o.)QClz]-‘l wore oerried out withoutvr®*
carrier, in g momner described below,

114) w-mmmm_,&

An aliquot o the irrsdisted nmsterial wes counted on an
eluninius plenchet for the total initial sctivity, It wes
Quentitstively dissolved in weter and sbout 70 mgms, of the
¢r”* cerrier s chromio nitrete and 70 mgms of the garcier
of the isomeric complex eddied, Cr(m)3 wes then precipiteted
by eddition of dilute mmmomium hjydroxide solution, The
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TLDIE Ep.t

Coprecipitation of 5’0:0: with chromic hydroxide

0. 5101}’ 510r6+ Toétal Activity
tekon taken activity associeted
( epr) {epm) pea -
{ cpm )
1 28451 63911 35362 35626
2 25600 6229 3189 31742

Je 31296 7601 38837 387C3
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precipitete was dissolved in dilute nitric scid and
reprecipiteted by the eddition of ZH‘OH. This ste) was
reyoected three times and thereafiter the Jr'\f}}i)3 preci itote
wos dissoived in e dilute acid solution, This solution wes
noutrelized by Hall snd then oxidised to chromete by
potassium dromate, The chromiume51 sctivity was finelly
precipitsted ss lesd chromete from an seidic solution

P Ce3 )o The percentegc sctivity in the v!.} ¥ form was
celculeted from the inowledse of the initisl sctivity end
the finel sctivity corrected for the ciemicel yield.

Affter a triel of o number of possible methods, it wes
found that the se.areticn of the geometricsl isomers could
| be schigved Dy teking into sccount the Jdifforencss in the
solubilities of the chlorides, the nitrstes end the
perchloretes of the gig- end trans={Cr(en),C1,]" ioa.

in securstely weished quantity of the irradisted
comp lex wes teken on an sluminium slenchet and counted, It
wes quantitatively transferred into & 50 c.c. besker
conteining known smounts of carriers of Gr’*, cis<{Cr(en),i1,]cL
and trense{ Cr{en) 2012101. ihe quentities of ot g
sia-{ ¥r{en) ,01,]CL end treag-{ Cr(en) C1,]C1 were s proxi=-
aetely 20, 500 snd 150 nmilligzrems res.ectively, in & total
volume of 10«15 c.ce 0of the solution, Om adding 3.5 gms of
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0lid sodiuz chloride to the sbove solution, the reddish
violet gig isomer sslted out on astendin, &% room texyersture.
To the filtrete of the sbove soluticn wes added I gms of
solid sodium perchlorste to precipitete the trznie

{Cr{en) 201210104. The solted out cis-{ Cr{en) AL JC1

after woshing with slcohol ond ether was diszolved in 1i.c.c,
wetor end reprecipiteted by the eaddition of 4 gms, of surwoniun
nitrete, end cooli~g the solution in ice. The cisw

[ ir{en) 2612]603 wes redissolved end reprecijitsted with
asmonium nitrete snd the procedure rejested until a constont
specific ectivity was odtsived. The yreci.itated trens-
{Cr(ea)2012]m.% also wes redissolved ané reureci:itsted e
aumber of tixes as the perchlorste to & constent s ecific
gctivity, The entire seperstion rocedure wes oar;-ied out
in the ninimum possible time to reduce the exient of
aqmmn&'a‘ of the isomers end prevent the conseguent
decreese in the chemicei yield of the isomers, 4 corstent
specific sctivity of the gig- or the MCr(on)zclz]CI
ensures its radiomctive purity. <he isomerie purity of the
finsl seysreted gis end frsps isomers wes elso confirmed
frox their visible snd ultraviolet spectra wiich gave
gbsorption mexime end the moleculsr extinetion coefficlents
cherpcteristic of pure epecimns.m’%ofia.k)
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The results of the snalyses of the ectivitics resent
as Cr°*, gig- and trans Cr(en),CL,)CL in different neutron
irradigtions sre sunngrised in teble 2, The initigl roton-
tion in the neutron irsdisted gig- or irens-{ Cr{em).C. ]Cl
varies frou 19 per ceat to 30 per cert (Table 2 ) dependin
upon the irredistion conditions and the intervel after which
the chemical sanslyscs were carried out, It would be observed )
thet in the irrediation lo,J of the Lrpas complex, two che-
nical snalyses csrried out at en intervel of twenty seven deys
7ave two different velues of initisl retention, vis, 19.1:0.4
and 26,3 + D1 7o A similer effect wos nlso observed in the
irredistion No.4 of the cis complex, thou'h the percentare
dirference in the values of initiel reteation is corparstivel
emall, Tebles J,4,5 snd 6§ gusmeirise the results of detailed
leothersel enmeslin: studies in gie={Cr(en),C1,]C1 st 120°,
134°, 146°, and 160°C respectively end show thet the reten-
tion incresses with en increesse in time or tempersture of
{sotherrel ennesling. This is illustreted by the family of
cwxves in iz, S.whore the velues of percent retention sre
plotted vg tize of mnuesling, During en isotherral enneslic,,
retention incresses rapidly et the boginuing end thereefter
the rete of ineresse in retention graduslly fells umtil o
tespersture dependent plstesu is reeched, The results of
1sothernel snsesling st 120°, 134%, 146°, and 160% for the
neutron irredisted gcig- complex sloug with the percentase
psctivity observed in the isomeric irpng form have been
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com; iled in table 7 for reedy reference, It would be
immedistely o perent that thoush the reteation in the irre-
disted gis complex increases fros en initiel velue of 22,7
0.3 © to the meximum of 62,6 ¢ 0.2 ¢ ( st 160°C for an siresl=
ing time of 38 hours ) the corresponding percentage sctivity
in the isomeric {reng form remeins unchenged at 0,7 3 0.3 %.

The results of the analyses of the percontege sotivity
present es Cr”. gig~ and m-[CronzClz]’ formas et differ-
ont steses of gnreslins of the irradisted gis co=plex et 120°
and 146%C indicete thet sn incresse in reterntion on isother=el
encealing is sccompenied by s simulteneous decreess in the
percentece Cr ' potivity (Tebles 3 end 5; Fig,6) thoush the
incressc in retention 18 not equsl to but larser than the
corresponding decreece in ct” sctivity, The percentage
ectivity lsbelled s2s the unidentified syecies e&ndé given ir
the coluzn VI in teble 3 and 5 has been odtained by suvtroct-
ing from 100, the sum of percentepe activities present so c:-z‘
ga-(Cr(ol)zclz]CI end an gversge of 0,7 & 0,3 ¥ for the trans-
[Cr{en),C1,]C1 forms,

The results of the isothermal smesaling studies of the
irrsdisted $rmns-{Cr(en).C1,]Cl sre sumserised is tsbles S-11
end illustrated by fig.7. They show that the snnealing behe~-
viour of the irradisted frang- complex is very similar to thet
of the irrsdisted gis complex, vis, during isothermal anneal-
ing the retention ineresscs, the Cr°' sctivity decreeses,
(Tsbie 10 and 11) but the percentage sctivity associated with
the isomeric gig form does not chrnge (Table 9) from en initinl
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velue which in the present cese 18 7,8 & Z.¢ o It =my be
pointed out here, that the sotivity sssocisted with the
isomeric form is slightly higher in the irredisted treng-
complex @8 corpered to that in the irradisted gis complex,
Under identical conditions of irrsiistion sand thermsl aunesal-
ing the gis complex shows @ grester susceptidility %o thermal
enceeling ther the Lrpng form (¥ig.8). Costea and Dems’ heve
2lso reported ¢ greater snneslabilit; of the gig isomer in

2 nusber of codbalt complexes,

T™e kinetic data odtained fro= ilsothermal snnesling
astudies wore grphically saslysed for p first-order kineties
by plotting (R.=R, ) ve time where R is the meximus
reteation corresponding to the plsteau end 7, the retention
after ennoaling for @ time 't' (fig %=11), The experimental
curves could be resolved imto two streight lines of different
slopes end interpreted in ternms of two first-order reections,
The kinetic persseters obteined from the above onalyses ere
suzrarised in teble 12, shers the subscriyts 1 end 2 refer to
the fester and slower first order com,oncnts res,ectively,
The order of msvanitude snd the tempersture dependence of the
rote constents should be considored ss only qualitatively
relisble especially for the faster componemt, since ite velues
ore odtained from the @m0 thed cwves dresm throush the
experimentol points, Consequently no errors have been quoted
in the table or indigeted in the firures, The sctivistion
onergy 5%, for the slowor component for which the rete
congtants (k) ere quantitetively more relisble wes determined
from the alope of tho streishteline (fip.13) obtanined by
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plotting log k va 1/7 (where T is the absolute tempersture),
It wae found to be VJ.4kcela/vole. for the gis complex, The
entropy of ectivation A S* was caloulsted from the values of
the rete constact: using the following equation:

e /M exp{AS® / 7) exp( = B/1t & 1) (3)

where R i9 the ses constant, N, the Ave adro's nucber end h,
the plsnck’e constent, "he entropy of sctivation “or the o r-
eeling of .5181' turned ocut ¢o be 8 nesntive guantity end hed e
velue of =48,9 cal/dez/mole at 120°C, The hish nesmtive volue
of A 3* indicsten that the anneslins teakes plece throush an
orderins process, The sbove kinetic mnolys:s of the enneeling
dote »ay be regarded *o ~ive only two forrel firgteorder
reections, Though this method of snelys:s has been ado; ted

Ly & nurber of workers, 33469,70,%,75 yot objections have
been reised (86)to this type of kimeiic snelyses, sinmce the
straight lines correspondins to two firgt-order resction cone
ponents give rise to tempersture-dependent intercepte indicet-
ing thet the comncetrgtioz of the a:nesble species ere a parent-
1y tempersture dependent, However, temperature dependent
intercepts are permissible on the varisble depth elesctron
trap-isotopie exchange® model ( See page). In this model

the two first-order resctions may be attributed to the rate
determining step of the relesse: of electrons from populated
traps of varisble depths, The relessed electrons sre ceptured
by the interstitisl recoil retel ion ( Co’’ for cobelt com-
plexas or Cr°’ for chromius complexss) to fors sn excited
netel ion of & lower cherge which instentaneously exchanges
with the inective metal stom of ¢ en undisturbed chelste
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solecule ia the neishbourhood, civing rise to retention, The
temporeture dependoice of the multicouponent exponential
.n-ulmemthon:‘nutobo“totb“rmumm
of relenmse of the electrons fro= the electron treps of veris-
ble depthe which have boen populeted during irredistion by
the ‘est neutron flux, conconfitent re ne-rsy fregmentation
sod the sesocisted Auger processes,

In the slternstive treetment of kinetice ( &loo sssuning
discrete sctivetiosn emersy ), the fractiosn of redietion demere
gnnenled ( P = "t=Fo ) is plotted egainet tho logarithm of
tine of ansealing, The annesling curves thus ottained ere
ghoon in fiz. . for the different temperstures, It has desn
shown by Tletcher scd Brown, ¥9°79%7 ingt the freetion of
denege snceel@d is dependent om the ratio t/, wheie t l1a the
time of snrealing snd T is the sversge tize for ithe vacancy to
move to sn sdjeceont site, Jimce in the finel form of their
expresaion, the tenpersture dependonce of the enneeling s,pee: o
only through the retio t/y the data obtained from differest
isothermel snnesling experiments geon be combined anto a sinsle
curve of equivelert snneeling et nny sinrle termpersture, Fig 19
shows such 8 conposite curve st 146°C, odtained by sdjustins
the time sceles of esch isothermal erneeling curve et 120,

134, 146 end 160°C, T™e composite curve can be duplicated by
sc expression involving three first order reaction componments
viss

P om 9(tee~t/T20%8y | 47(1ug=Y/ 3454 x ‘°’)

. "“_.-t/‘i.'n‘l x 10‘) (6)
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These m=ay then bé taken to repreosent the recombingtin
rosctions between three types of corroleted pairs of Tregments
or three types of recoil sites, It may be remembercd thet
in the earlier kingtic smelyses ( pege 37 ) the experimental
results could be explained on the basis of only two first-
order remction components, As pointed out earlier ( p. 37 )
the rresphicel esnslyses particulsrly of the fester com onort is
likely to be somewhst uncertmin end @ third compoment of ruch
ghorter lifetime is likely to be mssked if the snneeling
experinente have not beem conducted for very short intervels
of time (-~ one minute ) at the ecerly stages of isothermal
anreseling,

A similsr detailed kinetic snelyoces for the smnealing
of the neutroa irradisted trens<{ Cr(en),Cl,]CL could mot be
rade, It wad discovered efter the completion of the snical-
ing studies oa the irrsdiated lreas-{Cr(en,C L ]C1, that the
initisl retentiov had changed during the course of the annesl-
ing studies ( tablea T end 9 ), Consequently, the emzesling
ot different temperatures of the remsining irredisted trgns-
[Ct(.l)2012]cl was cerried out on the sare Jay (tebles 10 and
11) ®0 that the initisl retention rersined the sare, The dets
thus obteined end riven in teble 11 are illustrated by plottins
o = Tt Ve, time in fig, 17, This experimertel cuwrve cen ol-o
be resolved into two first-order corponents ss found for the
irredisted gig-{Cren, 1,]Cl and hence the thermal annceling
beheviours of both the irrsdisted seometricel isomers 8, pear
to be similar,
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The results of our studies thus estsdlish that there
is & high degree 0f stereospecificity in the congurrert end
postirrpdistion anneelin; ropetions of the neutroneirradinted
gig- end trara-{Cr(emn).Cl,]JCls The percentege sctivity ssso-
cieted with the isomerie form remaina comstant at ~ 15 for
the gis ( 83 compared 0 62,6 7 retention st the plateau ) and
~ 37 for the trens cozplex ( ss corpered %o 53,9 ¥ retention
ot the platesu ) wien snrealed st temperstures upto 160°C.
The observetion of the small perceatage of 2 'Cr setivity in
the isomeric forms may be ettrid.ted to the followins two
causes (1) the results are based on low counting retes end
hence the estimstion of the percertage mctivity in these cases
rey be in error by & 1 percert, (2) The isorerizetion of the
gis to the irsgg form snd yice versp in the aqueous solution
during the period of snslyticel separstion, The rate of is0-
serigetion of the $rsms Cr(em). 1,]CL hes boen reyorted>’ to
be nearly twice ths rate of the reverse resction, This ray
sccount for the observetion of ~ 3 er eent gig isomer in “he
neutron irrsdigted m-(Cr(cl)ZC).?]CL es corpared to ~1 _er
cert for the other cese, The results of *he anslyses at diff-
erernt stages of ennealing show *hat the percentege sctivity
present as the gig end frang cozplexes and the cr” does not
rengin constent end fells short of 100 indigeting thet sove
other unidentifiod species nlso teke part in the refornestion
of the pare 't molecule, Hence the spnnesling does not involve a
one step process, After the completion of the work prescuted
in this thesis Carner srd cm:au have reported the results
of s similer study on the redistive neutron cepture in gig end
ireng=dichloro=bis=othylenodienine chromiu~( III) nitretes,



9
‘Kiw

They heve likewise observed thest the originci configurstion
of the stereoisomers is preserved during the sanesling of the
irradisted sazples, The initial retention reported by them
vary {rom 1.3 t0 1.5 percert for dboth the geometric isoms:is,
They ettribute the low retertion to & hish nuclear efficiency
for “he rupture of the Cre=l gnd Cr=Cl bonds 23 compared to the
Co=i and Co=Cl bonds, "e heve however observed initisl reter-
tions of 20 to 30 percert for both the cis and trgne- Cr(en).
12171. The siraificent dif‘erencecs botween the values of the
initisl retentions found by us snd those resorited by Carner
ot 8l say bo sttriduted to (1) the differences in the tempore-
ture of irredistion cites; their irrediations were dome et =207
vhile our semples were ex 0sed %0 nmeutrons at the resctor irre-
dieti o aite te-jermture of ~ 40°C, (2) the differences in
the quality of tie irrpdistion beanm viz, the concomitant fast
neutror flux and the raors-~ray intensity wiich are knowm to
bring sbout srresling durimy icredistion *32, (3) the ef‘ect
of the smbient in which the irradistion is cerried out,”® our
irredistions were cone in air, Csmrmgr gt J"hﬂo irredisted
thoir secples after speling them in vecuum or nitrogen (as
atmosphere, (4) the pousidle effect of the chenge in the nature
of the enion, Seito et 1.7 nave studicd in detair the effect
of various anions on the rediative thermal neutron capture in
Co( Fﬁ,)z’ cetion end heve shown thet the intisl retemtions
veriod fror 3«5 < and 33«52 7 when the snion was chenged fronm
chloride to nitrete, It is now pererslly sgreed thet unless
irredietion conditious viz, terpersture, csdnius ratio of the
neutron bean, coacoxitent rermg-rog intensity etc sre rigidly
controlled any compardicon of the initisl retention in two
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different irredistions hes little significerce.’” It hes ulso
boen estimated that the inherent retentions may be es low s

2 por cert®? and ere unlikely to exceed 10 per cont.?>*H g
initial retentions obecerved dy us snd many eerlier workers,
thersfore include in addition to the inherent retention, con-
tribution from the thormal end the radietion enneslins during
irradistion snd thermel sanceling curing storage of the irre-
diated compounds, It is therefore not justified to speek of
hi‘her nuclear effigciercy as indiceted by Carmer ¢t a_i‘mlu\;
the cobalt and chromium compounds sre irredisted under iden-~
ticsl conditions in the nuclesr remctor, It may, here, be
pointed out that Machado et .1.96 have rocently re.orted equal
retention (9.4 snd 10,4 £ ) in neutrom irredigted tris scetyi-
ecotoneto cobalt (Ill) and chromium (ill).

The sterecapecific dehaviour of the irrediamted solids
heve deen rejorted for on.y 2 fow cobalt (1.i) oonphxca?’a'g
The preservation of the original configuratioc of the stervo-
1somers 1n 2%x(n, ¥ ) >Yor resction (where the recoil enersy
is expected to be much higher than in the 5960(3, Y) 6oco
resction’® ) show that the phenomenon of stereospecificity may
be common to compounds of dif<erent elements, ‘lonce sny
nodel used to explein the chemicel effects of nucleer trensfor-
mations in solids should heve provisions for explaining the
obsorved isomerie specificity,

The enarliest explane‘ion for the stereospecific behavi-
our o7 the irrediated s0lids was givem by zubu-” on the
catity complex model by sssuming that in e (B, Y ) reection,
the coordinated ligands presorve their originel octshedral
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skeleton gtructure with e covity in the plece of the metal
sto= ojected out due to the recoil. Maddock gt ml.” have
recently made use of the ‘cavity complex' model to explain
their ~esults on +he non-sterecspecificity in redistive neutron
cspture resctions in gis{ Co( m.,)‘(no@ 2]’ cation end ettribu-
ted 1t t0 @ low sctivetion enerzy for the reerrsngerent of
monodentate lirends to @ more oy~ etric srgng form, The hirher
activation enmergy required for the resrrangemert involving
solvdentete lirsnds oey lead to sresexvetioz of the originel
configuration,

™e stereospecific behaviour of the irrsdisted solids
cesnot be explained oa the hot song model a8 origimally put
forward by Herdottle sod utin'®’ since it sssumes = consider-
able amount of disorder in the hot sone, making it ualikely
<or & stoeric course of reection to take plesce, lowever, if
it is assumed thet the procsss of recrystallisstion es suge-
osted by Zuber et sl.” cun take plece during tho cooling of
the hot sone end subsequent snnesling of the irredisted 20li s,
ther one can rationslise the odservetion of stereo=specificit;
on the hot gone model, The recrystellizeti n into the oricinal
stercoisomeric form would be comtrolled by the confisurati.c of
uncemsred crystelline matrix ( sround the hot gone ) which
ects as @ template for the reformstion of the paremt isonoric

form,

The ‘'verisble=depth clectronetra. isoto,ic-exchanre molel'
recently put forwe:d by imer leth et al.6 gives ® very sirple
explanstior for the stereos,ecific behsviour, Om this mode 1,
the thermel scnealing hes besn oxplained on the besis of



isotopic-cxchenge reections in the solid stete, It has been
20una®97 shat comoounds which show e considereble isotopic
exch' noe in the solid state, also give » high retention on
shermel anneelins end corpounds which show mo isotopie exchance
in the s0l4d state exhibit little thermel anneeling, 0On the
beuis of thie model, the storgospecificity in the Szilerd<Chel-
sers resctions ~ay be attriduted to the Rboence of the isomorie
corm during irrsdistion or somesling, 7o test this essur,tion,
+he “ollowins two types of experiments were cerried out: (V)
Isotopic exchenge in the solid state between 51(:9’ end the
unirrsdisted gis~ end rgne- (Cr(em), Cl,]JCl, The complexes
wore doped with 51(:r in two different wasy, (a) A doping
procedure similsr to thet ussed by Azsr ieth et 11.6 wes edopt-
od, 100 »wX' . of an squeous solution of 5‘0:013 ( speeific
ectivity 88,8 C/g of Cr ) was pdded to the solid unirradisted
cozplex snd the semple dried immedistely in vacuum, It wes
then made homogemeous by grinding with an egete pestle end
mortar, (b) 100 X of aqueous solution of 51Cr313 ( specific
sctivity 150 me/r ) wos evsporated to drymess in en esste
porter snd then rechenicelly mixed with the solid insctive
complex t0 get e horogeneous mixture by grimding, The results
of the experimerts conducted according to the method of Aser
Neth nﬂ? are shown in tgble 135 end fig,16, It iz 8 .erent
that doth the gis- end trans- [Cr{em).C1,]Cl undergo consider-
oble isotopic exchenge in the 30lid stete, The altermative
doping method also geve siniler cosults (Tedle 14,). The
extent of isotopic exchenge in this cese was founé to be con-
pareatively szalier due to & lower specific setivity of 5’cw13
uoeds (150 ne/c as compared to 98,8 o/g in the earlier method).
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(2) Heving thus estebliished the occurrence of isotoyiec
exchenge in the ©0lid stete, annesling of = xzixturs of neutron
irrsdisted gig- Cr(en) CL,]C1 with the Lrpos carrier in the
retio 537 end e mixture of irracisted trsse-Cr(em);cL ]C1
with the ¢ig cerrier in the ratio 137 were carried out, These
mixtures were prepared mechanicelly by grinding eas deseribed in
1(d) sbove, The neutron irradisted g_u-{c:(on)zcx,]cx on
subsequent thermel snmeeling for a timo co:res.onding to the
saturstion retention guve only 240 percent sctivity im the
lsomerie form and & retertlon of 6:,6 percent in the parent
forze The irrsdisted Ligpng ioomer gave J.< percent sctivity
in the ¢is forz compared to 8 retention of 55,5 percent in the
paremt form, The resoons for the odservrti:ic of Z=3 percent
S‘Cr ectivity in the isomeric form=s have been given ee:lier
(see .agel)) It therefore sppears that the observed stercos, e-
cificity canrot be explained on the desis of the isotopic

excher ¢ reecti na in the solid sta‘e,

The disorder rodel of luller (pace 17 ) which sssumes
lower tempereture gend a shorter lifeetimg of tie hot-zore a:d
herce a lower degree of disorder as cowm ered *0 the hotezone
nodel of Herbottle mand Sutin ¢er 5130 Le :used %0 ex. lain the
observed experimental results, The reservetios of the origins
configuretion msy be attributed to @ small disorder creeted ot
the recoil site.in our compounds, ecently lol.f72 has re. orted
sisnificnit “°Co sotivit, in the isomeric form in the (n, 2n)
resction in the gige and ;m-(cqa)zcl?](lo,). The
nonstereospecificity in this case tey be attributed to 2
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hicher derree of disorder on sccount of greater recoil

onergy of 5800 in 0059 (ny 2n) Co” rengtion e8 compared

to thet in -'.‘o” (ng V) c°60 or c:-’o (n, V) Crs‘ resctions,
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Zable Ho.4
™o offect o7 anmesling et 134°C of the neutrem
irradleted Cis Cr{em),Cl ]CL on the percontege

activity ia the perent mdé the isomeric forms of
the coaplex,

Accndistion 0.4

Date o Jsurstion of Activity oo Mtivity as
anneeling snneal ing Cliom {reansc-
{ “r(en) £1,]C1 [ Cr(em),C1,]C1

( Retention )
’< L

«
TTeb=5T - 2545 £ 0.1 Ce5
5 nin 31,6 2 0.3 -
) 70 mia 4.9 2 0.2 0.6
. 1 br 5643 2 043 -
" 2 ap 7.8 £ 0.1 0.7
. ¢ hr 4042 & 0ot -
6 he 10 w=dn, 41.7 2 0o Q0.8
- & hr 42.9 2 Cot 0.2
10 hr 45.2 2 042 0.6
- i5 hr 44.5 2 042 -
- 2% hr 4544 3 042 -
N 3% hr %0 =dn 46,9 2 0,1 1.1

Mean 0,7 2 03

"“iveraze of two szelyses.
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Isble 50,6
The offect of snnealing ot 160°C of the noutron
irrediated Cise{Cr{en),C1,]JC1 on the percentage
activity in the pcnnf md the isomeric terms of

the complex,
Axradistion lio.d
Dete of Parstion of Agtivity es Activity es
ennegling sangaling Cioe tIvnhio~
TCr{en).CL]C1 [Cr(en),Cl.]C1L
(Mgu}}u) "
2TA=ET - 2545 £ 0.1 05
4567 5 min 41,7 £ 0.3 -
. 30 min 46,6 3 0.3 1.0
. i hr 50.2 & 03 -
. 2 hr 535 £ 001 0.6
: 4 hr 58,1 3 0,2 -
- 6 hr 60.8 & 0.4 0.3
- 8 hr 61.3 £ 0.5 1.0
- 12 hr 62.3 2 0.2 -
. 13 hr 8 =in 6240 & 0.2 1.0
N 98 hr 8 min 62.6 & 0.2 0.7

Moan 0,7 £ 0.3

"Avcrm of two enmalyeis,



Zudlp NoLT
The effect of annecling of the nmeutron irrsdist ed
CisefCr(en) €1,]C1 on the retertion and the
percontage ectivity ir the isomeric form,

Jrradiation Jc.d
Date of Temp, Duratiom of Retertion rotivity as
enneeling (%) anncaling i3 troefo-
[Cr(on)2612]<:1 [Cr{en) 201?](:1
% e <
Qb7 - - ( 228‘{&3.) Ce5
rete tion)
TT=3=6T 120 ~ 0 min 23,4 3 0.2 0a7
St =T 120 2hr - 31.8 & 0,2 1.0
Tl T 120 Ohr - 35e9 £ 0.3 0e5
b7 134 - 3 min 343 & 0,2 2.6
TlwbebT 124 6 hr 10 adn 417 2 0ot 0.3
Tl T 124 0 her - 4372 2 0,2 0.6
Seal s T 146 6 h I3 ain 47.3 2 042 0.3
X %6 10 hr - 0.7 £ 0e? 0e5
Sl =557 146 87 hr 15 ain 525 % 0ot 0.8
Tl 7 160 4 hr -~ 5Cel & 0e2 0.6
21=5eET7 160 6 hr = 60.8 & 04 0e3
21=5=bT 160 32 hr 62,6 2 047 0.7

Average 0,7 x 03

L2
ivarsgs o7 w0 onelyses,



Iable 0.8

The effeqt of snnosling of the meutron irredisted
tronse{ Crenm) £1,]C1 or the retestion end the

perce tage setivity in the lsomeric fom,

Zrrecintion el
Jate of Tomp. Duretion of Hetention/ Activity as
anneeling (°C) snnealing TI's o= Clo=
[Cr{en) L2, ]C1 [Cr{em) 5C1,]C1
e o <
Bullabt o - 19.1 + 0.8 20
{ Imit%isl
retention )
29-11=66 100 10 hr 53e2 2 0.1 2.6
B=17=56 140 2 hr 40.8 &+ 0,1 $.:
Jelia=b5 140 11 hr 42,9 2 0.6 2,2
6166 170 20 min 475 2 0,1 2.7
20=12=66 170 2 hr 52.8 x Oot a6
6-17=66 170 26 hr 532 2 062 Je?

":.nrm of two snalyses,
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Zeble Nol13
Isotopic exchenge in 20lid stete between °'Cr’
end the [Cr{ea),01,]C1 eomplex.
( Sp. motivity used 22 ¢/sm )

Complex | Tonp. Tine Percent
exchange
Cia Cr{en) ,£1,]C1 160°% - 6.0
2h 29,4
9h 0.0

4.5 h 310

Trexs—{ Cr(on) ,C1,]C1 170% - Seb
ih 13e4

Zh 15.2

10 b 17.5

19 b 1840

63 b 18.3
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Table 0,14
Isotopic exchenge in solid stote detween Cro*
end the [Cr(en) C1,]C1 complex
(9p. sctivity used : 150 me/gn )

Tenmpereture Tine “ercent
Complex mpe o
o

Cis-{ Cr(en),C1,]C1 1600 - 1.8
1 hr 407
4 hr 6.9
Transd Cr(em),0),]00  170% - 240
1 hr 3.0

2 hr Se4




o
o

G872 SHCSS

1. 2,6,Maddock, Introductory Lecture, Chemical effects of
ruglesr tranaformetiona, (:roceedings series), 1,
1A5h, Vieana, (1961).

2¢ AVeZuber, H.i,llguscher, J.M.Miller emd l,3utin, Chemicel
effects of auclesr transformetions ( froceedings series)
1, 358, iALA, Vienna (1961),

3¢ T T Idbdy, J. fuer, Chex, 0C., 62, 1330 (1940).

4. G.,Zarbottle end i outin, Advemces in Inorgenic Cherzistry
end “adioghenistry (24, Sselous end .harpe). Acedenic
Presa, 1, 267 (1953).

5« CoHarbottle sand I,Sutia, J.Fhys.Chem., $2, 1341 (1958),

6, Amor loth, S.Thorane, : o .'ethur snd S,3erup, Indian J,
Chame, £s 51, (1366),

Te Fouller iusewandie Chemie, S, 153 (1367).

e Felsl'addock, AolsdoB,Todesco od (in part) D,"laxell,
Chemical 2 fects of Luolesr transforsetions (I rocecdings
seriss), 2, 337, LiiA, VYieana (1385),

J¢ fo3eito, H,37no, T,.Tominsge, F./imbe snd T,"ujine, "ull,
Chez, oc, Jepen, 33, 744 (1962),

10, Joi0reen, C.hprdottis end A.C.Meddock, Tranc,’ar.300.,
43, 1413 (13%3).

11, Johenker, V.,C.Thomes end 2, iath, Chemiesl 57 ects of
fuglear Transforzstions (rroceedings series), 1, 38)
LhiA, Vienna, (1961),

12, K Heine and ¥ Herr, Chemic:l Ef‘ects of luclear trancfor=-
mstions (Froceedin a series), 1, 343, IAZA, Vienim,(1361).



12.

4.

16.
17.

184

19.

Do

G, e"orthein, Mossbeouer 2ffect, -rinciples and A plice~
tionn, Acelemic : ress, iew York (1364),

Ve-o00ldonsky, The “o8sbsuer iZffect and its sy, licetion
in Chemistry, Consultants uresu, hew York, (1364).

o oimlker, G.i.ierthein, V,Jeccarino, rhys,/'ev,eot.,
£, 98 (1361),

Jo0nruon, JeChomeihySey 39, 236(1963),40tes ¥is, 10,331(1363

U.Gonser end H,Wiecdersich, J.Zhys.doc. Japan, 18 (upple-
ment II) 47, (13963).

}ohoMurin, JV.Sogisaov end S. .Tomilov, ‘ussier Chenmicel
"eviews, (English tremalsticm) 337, 295 (1964).

Colervottle, Annuel review of iuclesr Science (Id.Zedegre),
fnnual eviews, 13, 29 (1965,

Chemigel 2f7ecct 0f uclear tranaformeatious, !roeeedin: a
of the sy=posiur iro-ue, October 247, 1960 (1r:2,
Vienna, ? Vols, 1361),

Proceedings of the sympooium on chemicel ¢ ffects of
ouck ar tresnsformetions, Vienna, lecember 711, 1364
(1ABA, 2 Vola, 1965 ).

Le 32ilaxd snd T,A.Chalmers, leture, 134, 462 (1:34).

B, Ampldi, O, .Agnstino, ..Ferai, B, romtecorvo, ’,wsatti
end 5, egre, iroc. oy. Soc. (London), AMI, 522 (1935).

FefieWillisms, J, Phys, and Colloid Chem,, 52, 603, (1949).

JJH.Green smd A,J.Maddoclk, lsture, 164, 783 (13493)

F,iddery, “olrode snd J.irber, 'onatech Chem, 81,657 (1950).

J.¥.Cobble and G.2.Boyd, J.An.Chem.Soc.,74,1282 (1352)



63

28, J.H,Green, G,llarbottle and A,G,Maddock, Trans, Farsdey
300y 43, 1413 (1953).

29, ¥,',deMaine, A.C.Meddock ard K,Teugdol, Discussions
Tersdey J0c., 23, 211 (1357).

2. 2.0,Mpddock and ¥N,¥, deMaine, Con,J.Chen,, 34, 275 (1956).

31. L T Mott, Trene, Faredsy Soc., 43, 423 (1947).

32, M 3utin snd R,¥W,lodson, J,Inorg, and Huclear Chem,.,

&, 91 (1358),

3¢ A, lkeday, E,Yoshihere ond 5,Ysmegichi, Fasdiochim Acts,
2 13 (1964)

34. “edeApers snd A J,Meddogk, Trans, Fareday Soc., 56, 498
(1960)

35. H.Rauscher snd G Hexdottle, J. Inorg. Mucl, Chem., 4,

155, (¥957).

36, A.G.Maddock, F,8,freloar end J,I,Verges, Trens,’ar,50c.,
29, 924 (1963).

3Te teloBrown, 4,C,Fletecher and 8, Machlup, ihy, Rev., 20,
709, (1953).

38, Discussions, Chemigal iffects of Nueclesr Transformations
(Proceedings series ) 1, 373, IAZA, Vienna (1961)

39. AJV.Zuber, "iscertetion, ih,D,, Columbia University (1954),
USAEC, Document NYOu6142 BNL,

40, Dod.Apers and 7,C.Capron, Chemical :ffects of Hugk ar
tronsforastions (Froceecdings series), 1, 429, IABA,
Vienns, (1961).

41, T,5eits snd J,4,Eohlor, Solid Stete ihysics, Vol.Z, p.307=440
Acodenic Fress, (1)56),



43.

44.

45,

46,

47,

43,

49.

50.

51,

52.

53

55.

61

Jedhenker, E,Ji,Vonkatesverlu snd Amar Neth, Chemical
iffects of Huclesr Trunsformstions (’Froceedings
Jeries ), 1, 303, iASA, Viemma, (1361).

JoSha ker, V,C,Thomes end A, Nath, Chemical :ffects of
Bucle ar Tramoformetions ( Froceedings series) 1, 383
IASA, Viemna, (1361),

Anar Nath, Chemical Effects of luclesr trem formations,
(Froceedings series ), 1, 335, IABA, Viennm, (1361),

LeLindner and G lerdottle, Chemicel Bffects of MNuclke or
trens fornet ions (FProceedings series), 1, 485, IAzA,
Vienna, (1961),

E.Yoshihare and H,Sbihers, J.Chem,Thys., 43, 896 (1366)

A, W, Aten Jr,, 0.,K.Koch, 0,A,%esselink snd A,N,De Roos,
Jo imer, "hem, Soc., 19, 63 (1357).

V.Vend, Proc. Phys. Soc. (London), 3%, 272 (1943).

V.Primak end H, dzymanski, Phys, Rev., 101, 1768 (13%6).

Josheanker and M,lal,, J,Inorg.Rucl.,Chem,, 27, 2507 (1963).

T.Costes, J,Inorg,Mucl,Chen,, 13, 27 (1961),

D,k Holnes, Chanical 2f7cts ¢f Ruclear transformetions
(Froceelinga series ), 1, 449, IABA, Vienns, 1961,

Jiscussion ¥5, Chemicel Effects of Nuclear Trunsformations,
1, 463, IAEA, Viemns, (1961).

A.C.Maddock and 3,1, Mirsky, Chemical :ffects of Nucler
Trencformetions (Frocsodings series), 2, 41, IARA,
Vienna (1963).

FCeillat snd ¥, Jue, C.R.Acnd.Sei,, Paris, 230, 1666,
(1950), 230, 1864 (1350),



56,
57.

58,

61.

62.

63,

1.

65

x..rodnmx-o end G, larbottle, fsdiochimica Agte, 1, 68 (1963)

D,J.Apers, K,C,Collins, C,H,Collins, Y,7,Choos and
?,C.Copron, Radiochim, Acte, 3, 18 (1964),

C.l.Collina, K,E,Collins, Y,F,Choos and D,J,Apers,
Radiochin, Acto, 4, 2'1 (1965).

1.G.Meddock snd T,Anderson,Chemical Ef7ects of Nuclear
trensformetions (Proceedings serien), 2, 277, IABA,
Vioana, (1365).

S.Ksucic end ¥,Vletkovic, Croet, Chem, Acte, 33,305 (1963).

J.heskar, ‘mer Nath end 5,P,Vaish, Rediochimica Acte,
i, 162 (1963),

Amgr Reth, K.,Anngji Feo end V.C.Thomas, Indien J. Chem,,
20 331 (1964),

JeBoGibson, A N,Goland, M, Milgram and O H,Vineyard,
Fhys, Rev., 120, 1233 (1360)

G,H,Vineyard, Oiscussions Fareday goc., 31, 7 (1961)

M, i1lsbee, J.ApPl, Fhys., 28, 1M6 (1357).

G, Lisdbfried, J.Appl.Fhys,, 30, 1383 (1359).

Chemiceal Effects of Hucloar Tronsformetions ('roceedings
veries,) 2, 175, IASA, Vienna, (1965).

T.Coston, I.Dema mnd A,Tiplinice, Jtud Cercet Chimis, 9
53 (1961).

H,2,"suscher, Thesis, Tsculty of Pure icismce, Coluwbis
University, Hew York (1960).

o5, Rauscher, k,3utin end N,Miller, J,Inorg, & Nuel, Chen.,
17, 31, (1961),

I9Dimetokis snd A,G Meddock, Chemical :“ffects of Hucleer
tramuformestions (I'roceedings series)), 365, IAEA,Vienna,
(1361),



T2,

.

e

86,

66

G.Z. 7017, "adiochinica Acts, §, 35 (1966).
li,Jnito, T,Tezinege and H,jgno, Mull, Chem, 300., Japen
33, 1621 (1360)
Robert I-sem Lim, A,5.lefohn snd C,5,Carmer, J,Inorg,
end Jiucl, Chen.y 23, 1553 (1367),
Goleinllinson and J.C.Beiler Jr,, Inorgeme Synthesis,
(B4, W,C.Fermelina), Vol,2, p.200, lclres=lill ook Co.
(1946).
Col. Tdllinson aid J,C.Beiler,dr.y, JeAver, Chen, 50C.,
§3, B0 (13).
Preifer, Ter., 3T, 4782 (1904).
Cert S.Schlesinger, Inorgesnic Freparetions, pe. 222,
Chenicol Fublishing Compeny, New York (1962),
Mertin Linbhexrd end Nelitta Veligl., Z.7hys, Chem,, 3, 20 (1075,
C.S.Cerner end J, McDonsld, J.Amer,Chem,30C., 83, 4157 (1961).
Clifford S,0eamer, ’Adveaces in the Chemistry of the
Coordingtion Compounds' td, 3,Xirachmer, p,.269,
¥ocmillem sxd Co., How York {(1361],
J.ihankar and R,3hankar, Journsl of the University of Iomdey,
2, 63 (1361),
JCosten end L., Dena, Neture, 189, 478 (1961),
hoimth mud 3.,3,3irivastavs, J,Inorg.ucl.Chon,, I, W3 (1)50).
Jo-nankor, X.3.Venmtoswariu end ¥,lael.,, Chemical -ffects
of nuglenr trunuiormations (rroceedings soriss), 1, 417
iAEhy Vienas, (1361).
Uisgussion ¥2, Chexzicel -ffects of nuclear transforastions,
{#roceedings series), 1, 375, I1i2A, Viemma (1361),



9%

3.

97.

67

ReCeTletoher and ¥, L.Brown, Fhye. Fev., 32, 585 (1953);
ReC.Flutcher, ",LeBrown end K,A,¥right,1d44,92,591 (1953).

A.Costen, J,lnorg, lucl,Chem,, 17, 20 (1961).

T Metguyn, J,Inorg,Nucl.Chem,, 28,313 (1966),

S.5arup end Amar Nath, J,Inorg,ucl.Chem., 29,299 (1967).

‘o 38ito, T,Tominga end H,ieno, Bull, - hem,S0c,,Jepen,
23 365 (1362),

i, Shenker, X.,3.Venkntessnrlu and M,Lal, Radiochimi ca /cte,
4, 52 (1963).

ZedoMoCallua and A8, Yeddock, Trens,'ar,30c., 43, 1150
(1953).

A G haddocx and J, I, Vargas, Trans,Fer.d0c., 57, 932 (1341).

JoC.Haghado, i,i.iachedo ond J, I, Varges, Chenical :f7ects
of mucloar tranaformstions (Froceedings seriss), 2, 15
1A2A, Vienna (1965).

Deg 3rum, Agte Chimica Josndinevica, 21, 2087 (1967).

JoShankar, Amar Neth sand ) H,Rso, Radiochinice Acts, 3,
%, (1564),



PART - II: THE CHEMICAL EFPECTS OF ELECTRON CAPTURE
DECAY OF 57 IN (4 COBALT COMPOUNDS
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BT IDUSTION

The discovory of recoil-free emission snd sbsorption
of geare~rays by Mossbeuer' hes led to significent develop-
ments in different fields of iavestigstion, The 'Yossbaver
Effect' studies have been used for solving diverse roblexs,
such as meesurerent of gravitstional nd-dnft.z deternination
of lsomeric life=tines,’ estimstion of muclesr moments,’®’
quedrupole snd Zeenen tputtus.."? studies on the neture
of the chemicel bonding" and the chemicsl effects of mucless
trensforvet ions in .oua-."‘" The present gt.dy pertsins t.
s0me sspocts of the last mentiomed aree of investirstion,
Sarlier studigs on the chemicel effects of nuclear transforte-
tiones in solids have inverisbly been done by solution
chnictry"'” end hence ot ceomot be sure of the neture o
the setastedle syecies originally presert in the irradieted
solids since they sre likely to be converted into forms
steble in solution by chericel reections such es oxidation,
reduction and hydretion ( pege © ). Uith the eaid of the
Mossbouer Effect, one csn in suiteble systers, obtsin inforre-
tion on the msture of the metasteble 8 ecics jresent for e
time lon er then the ossbeuer Trensition time ( 10.7 sec,
for M95e acd 10™° for 119, Je The present investigestion
deels with & study of the chemical stetes of iroa ormed es
e result of Auger processes following the electrom capturse

decay of 57=dey cobtelt<57 in sevorol cobelt comyounc s,
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vis, ©7cory, “Tcabr,, Tcobr,s, end FTco(1-10 phenen-
wmxuo),(cw‘),:a:o. in order thet the results reported

in these investigations cen be mesningfully discussed

brief description of the simificence of the MNossbouer's
discovery end the asture of inforrstion one csn ddrive from
the Moossbeuer 8. ectrum mare given below, A deteiled discussion
of the theory of the Mossbouer offect snd its eyplicetions
hea not bdeen givem since this informstion is now mveilsole in
seversl recent reviews and pubucttiona.m"g

Although the _henomenon of resonsnce in sccoustics,
0.tics 2od electri ity hes been inown for quite some time, for
like X-rays
the clectrome;/netic udunx.o.\n wed observed for the first
time by ¥oon’® ia 1950, lut it wes ouly mfter the work of
Mosabauer in 1953 thst the resone ce enission erd absc: tion
of ganma ray3 coull be demonstramted with e grest ense snd

clerity.

Hucicar %egoll ard Regonarce

The e cited stete o ¢ nucleas is cherecterised bLoth !
by its excitetion energy (E,) end by ita nmoturel line-width
T")e T™e line-width of the oxcited stote is relsted %o its
lifo=-time by the Heisenberg's uncerteinty princiyle, vis,

M7 ~ R/ 2% = 1,05 x 1072 grg, 0ce (1)

vhere h is the Flanck's constent end 7 1: the aversoe
life-time of the excited state and is siven by tt/r' / In2
whore t,/,. is the helf life of the excited stete,
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"hen »n {soleted nucleus of mass *n' onits a getre-ray
of cnergy E', the recoil=erergy ! is given dy the relstion-
ship,

2 e o2 8 ,

R'%m"‘%-.yb-:? ke
whore 'c' is the velocity of Light and 'v' end 'p' are the
recoil velocity and recoil momentum respectively, sioce
n<{ 2 end B'=x~ iy. The cosputed veiues of the neturel
lingewidths end the recoil energies for different onwgy
trrnsitions in the viasibls snd low-ehergy gemme~ray region
ere compered in Teble 1.

w»ince the recoil loss is inwlved both in the emisnion
and the absor tion processes, the mexims of the egnmitted and
sbaorded garnercy ( B' and E° res ectively) ere sapereted by
twice the recoil emergy ( ¥i, 1),

‘7 = i e (33
bT - L“-" - (4/
B «2' o 2! ()

The nucleur like stoas snd molecules is im constent
thermel motion, which results in the droadening of the emission
end sbsorytion limes Que to the Joppler Bffect, The effective
line-width ot helf meximun is given by Doppler lincewidth D
insterd of netursl line-width| . D is given by
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Table - 1
Jodiua Isomeric Gasma ray
D=1line transition emission
e 5.89 x 10 > - -
tnergy (eV) 2.10 14.4 x 10° 137 x 10°
e (e¥) 1.30 x 10.e 1.9 x ].0'3 0.6 x 10-3
(V) 6.60 x 1072 4&5x10° 4.6 x 1077
R/ 1.70 x 107+ 4.2 x 10° 1.4 x 10°
B/ 3.00 x 10° 3.0 x 10 2,98 x 10°°




P « 1 SXT)E B, (6)
Y- N

Then i { D  the mexime of the emission end sboorpe
tion lines would overls; and hence resons ce emission eand
absor, tion cenm occur o3 indeed ha, pens in the o ticsl transi-
tions shere 2, = 1 e.ve In the csse 0f gacng=rey trensition
of the order of 10 kev, the recoil energy is much lerger then
the Doppler line-width thus preventing en overlay of the
emission end sbsor,tion lincs and hence oLservet.on of nuclesr
resonance of the gemma rey@ @ illustretec below ( fir,1):

'
2R ! 2R
- E
[
, o A
S . el 1
Er B' Br EN
Optical transiticn Nuclear transition
Fig.1(a) Fig. 1(b)

If the emitter and the absorber are dbound in @ erystel
lettice then the equation () for the reoil-loss for sn
isoleted nucleus is no longer velid, The mase "n® of tho
nucleus in equetion () should be repleced by the ress of
the erystnl 83 8 whole, The recoil energy would them be -




reduced by the order of the value of Avagmdro's number,
viz, 1023. This would bring sbout sn overlapy of the emisaion
end the sbsor.tion lines eand mske it possible for nuclesr

resonence @bsorytion to teoke plece.

If the source is moved with resgpect to the absorber
tho energy of the recoil free emissiocn peak is changed with
respect to the recoilefree sbuorytion peak due to Doppler
Effect. The scettered o- trenomitted gamme-rey through the
resonsrce ebsorder con be measured st o number of relstive
volocities 20 thet the emergy of the recoilefiee emission
peok is progressively chenred frox fer off resonsnce to the
position of exmct resonamce, The inmtenuity of the trensmitted/
scottored redistion will then decresse in the regsion of
resonsnce since & fraction of redistion will be resoved on
pccount of nuclesr rosons:ce absor tion and the counting rate
will drop. A plot of the intenasity of the tranumitted or
scattered redistion es e function of the velocity of the
source with respect to the sbsorber oo vice versa is called
the Hossbouer spectrum ( fiz, 2 )

A
z
%l —] R
«
i J
&
@ 1 J
3 \ /
%
s S§ Y
a '——"—'!
v !
>ve = -Ve
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Tho profile of the resonsrce noximus cen be described by o
Llorentzian rol.utimship" vis,

;s & -1
T gpal®) = o L1 ¢4 g“—:l)’-j (3)

vhore L i9 the moximum resonsrce sbsor tion cross-section,
o—.'b‘(l:) is the sbsorption cross-section st emergy 8, E, the
trensition energy end T the fullegidth et hslf-maximun of

the resonsnce line,

Although the rosonence enission end absorption wes firet
observed by Mossbeuer'! for the 129 kev, gamme ray in the decay
of '3%1r. there sre st .resent nuciides of 30 elesents for
which the lossbesuer iffect hns been observed, The work preserted
here desls with the use of the }ossbeusr Bucleus °'Fe formed b,
olectron-capture decey of 2'Co, the decey scheme of which is
given below

14.4 3/2-

‘e




The ep. licetion of Moscbeuer effect to chemistry cen
be truced to the hyperfine intersction betwoen the nuclear
levels in the Moasbeuer nuclei and their extranuclesr
electrons, the diaposition of which depends upon the nature
of the chemicel donding of the ston tuv which the nucleus
beloags, Ue briefly diacuss below the sigaificence of the
perengters which can be obtained from e Mossbauer spectrun,
viz,, (8) the isomer sui<t, (b) the quadrupole splitting,
(c) the mesnetic hyperfine splitiing, (d) the linewewidth,
(e) the mesnitude of the resonsnce offect,

(o) Isomer nift

The 2147t of the resons ce meximum from the zero
velocity of en srbditrarily slected radiet.on vource 13 cal ed
the isomershift (Fiz,2)., It erises due to the fect thet the
energy of the mucleer levels nnd hence the nucloer trensition
energy cen be modified ss a result of Coulomb intersction with
the extrenuclesr olectrons cnd is therefore sensitively
de.endent on the enviroamert of the nucleus, A chenge in the
electron-density et the nucleus will slter the “oulosd inter-
sction and hence would msnifest itself as & shift in the enercy
of the nucleear levels and hence in the velue of the isouer-
shirt,

The origin of the ifoomer shift was first pointed out

by Eistner eand annm?'

end its various epylicetions have been
discussed in detail by &uley:Z end otherga'u The velue of
the isomer shift for @ peir of resonsnt stoms denoted es the

source (5) end the absorber (A) cer be expressed by the .qm;x,;"'



§ o B e (2 Zy I 47—Vt ? ] (9)
nuc lesr atomic

shere I _end R, ere the radii of the excited and ground
gtotes of the nucleus respectively, \’\r (o)\2 .dWA(o)] 2
reprosent the totel electron densities st the mchn of the
source end sbaorber respectively, Z, the stomic nurber and e,
the electronic cherre, The sbove equstion consists of two
factors, The first ong consists of only nuclesr ,erameters
while the second one in aquere brackets conteins terms re re-
serting electronic charge density st the nucleus, which is
vesiceliy a chemicel peremeter 8ince it is affected by the
valency of the atonm,

A series of Mossbauer experiments carried out with
hirh apin compounds of iron in different valency states
roveeled s systemstic behaviour with respect to isomer shifte,
Different oxidstion states of iron have cherscteristic velues
of the isomer shifts as shown in tedle (2) end illustreted in
iz, (4)e As the deslectroms sre romoved in goiag from +1
to +6 state, the shiledins of the s-electrons is decremssed
resultins in en increese in the totel electron density et
the nucleus, For 57!‘., the expreassion [ 3‘ - R‘;‘] is
nerative end hence en increase in the electron density et
the nucleus would bring sbout e lowering in the value of the
toomer snift’®, ror other Nossbauer nuclei like ‘123 sn
increese in the s=electron density would dring .bout an
increese in the isomer shift since the quantity (7 “ - Atd)
hes o positive value, &
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Table - 2
Isomer shift values for high spin iron
compounds of different oxidation states
Valency Eloctronic Isomer shift Ref.
state configuration w.r.t. 310
of the free ss absorbdber
metal ion (mm./sec.)
pet* 21%s +2.1 »n
Pec" aa® +1.0 to +1.5 29, 30
re>' aa® +0.35 to +0.70 29, 30
Fe¥ aa® +0.14 to +0.17 29, 85
re” aa® -0.7 to -0.8 31, 32
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Tor lowespin or covalent compounds, the velue of the
ipomer shift slone cennot unembiruously idemtify the oxidation
stete of sn stoz since covalency cernot be edequately described
by a single persmeter such es the *3' electron density et the
nucleus, It is necessery to consider the reletive importance
of the s, p and & wave functions in the binding, as well as
the extent to which the =-olectroms sre delocelized to the
ligend in order to srrive st en estizate of the totel eslectrom
density st the oucleus, It hes.-been experisentally found
that for low spin compounds of irom, the isomer shift tenda
to be independent of the oxidstion stete.

The isomer shift velue obteined with sny source can be
converted relstive to any enother source by @ suitable correc-
tion fector, Teble (3) gives the walues of the correction
factors or different sources giver by Herber,’~ dimilsr
tebles have been prov ded by other vvox"lm:'l.34 It should,
however, be borme in mind thet two sources prepered evern by
the sere person snd Dy the sere method mey rive slistly
dif erent values of the isomer shift, It is therefore
essential for eech investisetor to obtain his own correction
fectors, by compering the values of isomer shifts obteined by
hiz “or stendard ghsorbers like 310 stainless steel, potessium
ferrocyenide trihydrate (K‘Fo(cl)sm?o) and aodium Ritropru-
sside dihydrate [ He Yol (-¥)g(H0)].2H,0 '



Iagble - 3

Isomer shifts of sodium nitroprusside with respect
to several °"(:o host ut.ﬂcosaa

%7co source Iscmer shift
ma./sec.
Pt -0.607
Cu -0.483
Pd -0.442
Fe -0.348 |
-0.3%1 |
310ss, Vacroaiu=m -0.182
| 3C2ss -0.1756

Cr -0.076




(0
b) CZusdrupole Jolittins:

Any nucleus with a spin 1) 1/2 would heve s quadrupole
mozment C end honce would elisn itself either slong or scross
en electric field gredient (5F0) 'q*, In o neaspherically
symmetric Tiold, o nuclesr level with spin I womld gplit into
141/7 sabe=levels, The 14,4 kev enerzy level in °/Fe with
apin of 3/2 would gplit into two sub=levels (71g,5) lesding to
# peir of lines in the lossdeuer spectrum (fig,6) in the plsce
of & sinzle line observed in the sbssnce of em 277, The seph-
retion between two such lincas is celled the quadrupole splittiing
because it erises dus to the intorsction of the quadrupole
zoment of the excited state with the electric field gredient,
Yor an axially symmetric ficld gradient, the quadrapole
zplitting A,BQ is given by

. G. Q

pE, = [ 385 =I(I+1)) (10)
41 (21-1)

where ny is the magmetic quantur nurver aud 'e' is the
electronic charge.

In chenicel compounds the olectric field gradient at the
nucleus can arise dus to one or both of the following ressons,
(1) amymmetric distribution of the cherges on the ligsnd stons,
(2) noansphericel sy —=etry of the central metel orbitals{incom-
pletely filled electronic shelis), In compounds of gphericelly
aysmetric ions like Yo' the observed quadrupole splittins can
arige only due to (1), On the other hand, the gquadrupole
splitting in the Ferrous cozpounds cem srise due %0 both the
fectors (1) and (7)), High spin ferric compounds heve bee:



130708 DHINT

PeRcENT  ABIORPTION

Fic s

ta

QUADRUPOLE 3 TTING

SIFERROCERYL
w b AT a wes

Cvite ¥

of-28e oy

a A

1 <+ A A
-04 =03 -o2

-0 o ot o

VELOCITY (¢=/Sec)

Fio &




81

found to have quadruyole splitiings from 0 to 0.6 =n/sec, but
high spin forrous compounds show large quedrupole splittings
from 0 to 3,6 mm/sec, and exhibit reletively large tempersmture
dependence due to the presence of the sixth d-electron which
cen ocoupy different levels in & crystal field st dif orent
tonporatures, 1239076 on the other hend low spin Ye( ID)
compounds show smgl. quadrupole splittings due to the complo-~
tion of the 4’0 shell on coordinstion, low spin To(ilD)
compounds heve deen found to produce large quadru.ole splittings
which ere strongly tempersture dependent due to the vecency
of one electron in the other-wise filled 3d shell, The renge
of quedrupole splittincs observed for diflereat ty;es of iron
compounds ero illustreted ia rig,(7)

(¢) Hdiperfine Nesmetic Spiiitting

Fhen & MNossbauer nucleus 1s situsted in s megnetic fie.d,
which may arise internally @s in a “erromegnet or Ve gemerstoed
extornelly, dhe degenorscy of the level with spin I is further
lifted and it will De split into (2I+1) sub-levels, The 14.4
kev lovel in °'Fe with m spin of 3/7 will be mplit into four
sub-levels snd the ground stete with sin of 1/2 will be split
into two sublevels as “hown in fig,(2). Tremsitions betwe:n
the split levels is govermed by the ep,ropriste sclection
rules, Tor e mefmetic dipole (MI) trmasition Ar = 0, & 1
end hence there would be six possible trensitions Fig 9 ecd
e hyperfine split spectrum (HY¥3) of six absorytion limes would
be observed (Fig,13). It is thus .ossictle to make use of
Mousbauer effect studies in s study of peressgneticeorro-
no/metie or persmagnetic-entiferromsgnetic tr-uuou.”'”
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Neny other syplicetions of HFS heve beon discussed by
Treunfelder'® end Boyle end Hall.?®

d) Line-width

The width of o nuclear trensition iz governed by the
Holsenberg uncertsinty principle ( p. ©9 ). Howev r, it is
not possible to obtoin @ resonence line with the neturel
line-width, I7 the nucieer decay t2kes :;lsce both by gamre
emission and internal comversion, the observed line-width f’;
is relsted to the goemersy width r', 8s follows:

T, = P T, (1)
vhere & is the imternsl conversion coefficient, For t e 14.4
kev, trensition in °'Fe, a = 3.'%°)  in a Mossbouer
oxyeriment the emisaion snd sbsor,tion lines sre metched end
consegquently the resonence line-width would dbe equel to twice
the line-width which would heve been obscrved in en emission
or sbsor.tion process slome, In practice the sctuml line-
width observed in Mossbouer ex. eriments is inveriably greeter
than 2P° dug to the following factors which tend to bronrden
the resonance line, viz, (8) the finite thickness of the
source snd the ebsorber,’' (b) therrsl ef eets, (c) the linits
of velocity resolution of the motion drive, (d) the solid
stete defocts, end (e) lsttice distortions,
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e) Haguitudg of fespoence [{fect

The frection 'f of the gemmowray evitted or sbsorbed
without recoil-loss cen be theoretically celculated, In the
Debye apyroximstion of s solid, the velue of 'f is given
by the “ebye-dgpllior fector or the Lemb-Nossbuuer nctor.zs

£ o o™v (12)

where

0,0
v = 3%;(-}.(—5:)2 y -:-}:-‘8] (13)
]

where O, 13 tho lebye-terpersture, / decrerse in the
velue of 2 or 17/6, or both would result is en incresse
in the valus of '¢*, If the velue of *f' is known it is
poseibleo to estimste qusatitstively the concentretion of the
Mossbeuer nucleus of an oloment ( end hence 0of the elerent
itsels ) in eny sbsorder,

Beview of the litersture ou the 'ogsbeugs

WWM

of slectron-ggoture decey of - Co in solidg.

In ouclesr disintegretion processes sccompanied by
eloctron cspture or by isomeric tronsition, highly ioniszed
states of the ston ere likely to be produced dus to the
jugor Effect.’?  mell gt gl.*® oboerved ionized stetes
of xenon upto s cherge of +23 in the isomeric tremsition of
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12-day 1°"®%e end cherge stotes of Eromine uyto +13 in
the olectron-capture decsy of 34 B 1JKkr, rollak'’ hes
ghown thet in the clectronecsyture decay of the 270=dlay
9Tco, = ionized stotes of iron upto +7 cen de observed
1 the oxidation otate of tho cobslt parent is +2,

serthein'?"%5 gos the first to meke use of the
Mossbeuer effect studies for dotecting the hicher charged
stetes of irom ®rmed by the decey of °'Co in 00 Petrix.
Ho observed two resonsnce lines of uncqual intonsities end
interpreted them to de due to Foo* end Yo” stetos, This wes
further confirmad by the observetion of *wo su or osed
hyperfine o,1it s, octra of Yo ' snd Te'' st liquid mitrogen
ton,orsture, which is below the leel toxz erature ( 2)1°x )
of c«o.” It was susgested thet the rc"0 iron wags non-
equilibrium charge stote with a life~time conperable to the
mean 11fo 0f 14.4 kev excitod stete of 2'Fe, On the bssis
0f the rosults of Fertheis, Pollsx*! celoulsted the meen
Lifo-tise of the 21Te ' ions at cobslt sites in .00 to be
1.4 x 10~ soc. It wes 8lso sucgested thet the ioniszed
stotos hi‘her then +3 ere likely to have very short-life
time ( & 10~ soc ) due to the prosence of meny free
olectrons in e Co0 crystel, However, Tesrden g% .,],.“
found no evidence of the Te>' stete in the deeny of 2'Co in
Co0, vimiler studics by Coston gt &‘7 on the seme oyaten
showed thot their best semples of 5"(:oo ( besed on ‘=ray
onolysis ) shoved 10 %0 20 £ of Teo' com.ered to 90 to 80 &

7

of Fe''s Theysttributed the trivalent state to the resence



of Co.,O‘ impurity in Co0 elthough their X-ray snalyses
showed mo such impurity, Bhide snd -henoy'' reinvestigsted
the 27Co0 aystem ¥ om 78° to 1000°F snd obteined results
siniler to those of Vertheim, /n incrense in tempersture
.na found to bring sbout sn incresse in the retio of
1(3)/1(2) where 1(2) end 1(,) ere the intensities of

+2 and +3 ototes of iron, The increesse in the ratio
1(3)/&2) was interyreted in terms of an incresse in the
lifo=time 07 the +3 state &t higher ten,ersture, Their
Nossbauer ex eriments on the 5700/110 Source gave very
similer results,*®  On the other hend, Mulien end 0x*?
pointed out thet the Hossbsuer spectrs of their semyle of
570:0 could be exylained s due to tw seperste spectre of
two difforent forms of Cod denoted by them as CoO(I) snd

Cod( II) without inwking the Auger sfter effects, They
pttributed the difference betweer the two forms to e difference
in the locel lettice re-errsngement, CoO(II) wes assumed to
be a metastable sate oc urring et only low temperstures,

The striking work of Creiz snd Triftshauser’C on the °/Co/Co0
ond 21Co/N10 systems set st rest the debete on the conflicting
results reyorted by different worke:-s, They conclusively
showed by delayed coincidence Mossbouer-effect moasurerents
thet the retio I(”/I(?) ot @ fixed tempersture, remeins
constent for all delay times studied by thex vis, 4 to 200 n.
sec, It is therefore syperent thet the change inthe retio
of 1(3)/1(2) as o function of tempereture in the smme source
of 5760 or of different sources, reyorted by & numder of
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workers, cannot be dus to @ change in the life-time of the
nonequilibrium Feo' state formed in the deesy of 2/Co ss @
result of luger effect,

hx’thoh" wes 6l the first to study the chemicel
effects of electron cepture decsy of 57Co in en orgsno-
setellic mzyound, The Mossbeuer syectrum of °1Co(I1II)
leetyl-acotonste source metched sgeinst en enriched
x‘rc( .5)6.3!!20 ebsorber wes interpyreted ss deing due %o @
mixture of high spin ferric snd ferrous stetes, The observe-
tion of the Ye ' stote, which 13 lower them the oxidetion
stete of cobelt (11I) pesrent wes murprisirg end thought to
heve been brousht mbout on esccount of the reerrsngesent of
the charge distribution to sccommodate the .resence of an
in murity > +4 formed duge to secondery Auger processes in the
electron csiyture decay of 5700( I1l), These investirators elso
reported the pro-ucti.n of both divalent »cd trivelemt states
of irea in the decey of °'Co in cobalticeniun tetreshenyl
borate,””

Ingells snd Depesquali”’’ in their studies by Mossbeuer
offect on >1CoCl,.6H,0, °TCo[ (Hi,)30,],468,0 mnd STcost¥.68,0
detected the presence of trivalest end divalent irom in
addition to & very smell percentage of +4 stete in
oo ®,) ,(30,)5.6H,0. Their interyretstion of +4 end +3
steotes na nomnequilibrium stetes, is suspect for the followirng
ressons: They show on unsplit line for the +4 stete slthough
they have chowm merked quedrupole splitting for the +2 and +3
stotes of iron indicoting the presence of en eloctric Tiold
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gradient ( 5FG ), The absence of the quadrupole splitting
for +4 stote slone is therefore unconvincing, In addition,

the line-width of the +4 stote hes been shown to be equal

to the linewidth of tho stedble +2 stete, The +§ state,
sup.oned to be a nonequilidrium stete should show a larger
line-wicth, The resul®s of their studies on oCL,.6H 0 sre
similer to the resalts obtsined by Mules and 0k'’ and

Friedt gt n.“ The Mossbruer spectrum of 57%?12.&?0

wes found to heve teo unequsl resonsnce lines, tending %o
bocome equsl 88 x decresses. Ingmlls’ end Friedt gt al.”t
inter,soted the spectrum to be due to +3 ond +7 stetes of

iron while Muliem snd Ok'? interpreted it ss only due to Fe’'
state, the unequal intensity of the resonance lines being
stiributed 44 to e snisotroy,y due to local re-arrangesent
of the lsttice during nsutrino emissica, which sccomyenies
the Kecs,ture, Friedt gf gl.>! observed thet */CoF, used as
8 source nleo gave rise t0o +7 and +3 stetes of iron, Ingells
2t .LSS studied the Mossbeuer spectre of 57003)‘ end
2T0o30,4Tii,0 end observed the presence of toth Feo* enc Yoo,
On incressing the tenpoe reture or the pressure the intensity
retio L(?)ll(” increnned, 8 result op.osite to thrt re;orted
for *TCo/Co0 snd 2TCo/N10 aystems,''"*% Moy sugrested thet
this pey be due to the excitetion of tho electrons in the
conduction dend end/or the overlep betweon the orditels of

the metsl ion end the ligends, Verthein and wu" node
um of “TCo dojed Ye(NH,),(39,), 6,0 (¥A5) as e source ss
&3 well as en sbsordber in their Mossbeuer studies, The adb2orber
s;ectrun showed only Ye2' iron in comtrast to the Mossbouer
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spectrus of the source which in addition to +2 indicated a
small percentage of trivalent iron interpreted as & non-
equilibriua state. However, the recent work of Cralg and
Triftshauser,C asking use of coincidence Mossbeuer effect
moasurenents vith 37Co/7iS, *7C030,-THa0 and ° CoClg. 48,0
has unazbiguously established that the tomperature dependent
proportion of different valency states observed in these
cases 1s independent of delay times in the interval 4-20C
nanoseconds. These states should not therefore be tersed

as non-equilibriua states.

hllm“’" prepared single crystals of NeCl with (a)
d1ffused carrier-free 57CoCl, and (b) contatning °'Cocl,
with sufficient amount of carrier. The Mossbsuer spectrus
of the former showed three peaks which were interpreted as a
doublet due to +2 or +3 state of iron associated with a
positive ion vacancy and a singlet dus to '.10 arising on
scoount of the substituticnal replacement of ¥a' fon. In
the case of NaCl containing 97CoCl, with a comsidersble
cobalt carrier, only the divalent iron was observed with a
quadrupole splitting of 1l.14 mm./sec. vhich vas attributed
to the partial alignment of D'Co’’ within the NaCl lattice.
Werthein and mumx-“ observed cnly +2 state of iron in
the Mossbauor spectra of "Co doped ZnF, and +2 and +3 states
of trom in 97Co doped NaF. The origin of the trivslemt iron
was attridbuted to a divalent cobalt with oxygen ion charge
cospensation in a near neighbour site or possibly due to
trivalent cobalt with proper charge compensstion. WCQ/Sﬂ‘iOs

lylt..” was however found to give a Mossbauer spectrusa, that
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could be snolysed in terms of two resonence limes correspond-
ing to o low spin Ye( IIlI) end high apin 1-'03’ strtes which were
interpreted es due to Co’* ion occupying @ T1** vecency
prefercbly in the 5700( III) state the decay of which results
in low spin Fe(III) and hich wmin Fe>', Sano gt pl.’’ foiled
to observe the 1‘03’ atete in the Mossbauer spectrum of
cobolt-57 lebelled cobnlt oxalate dihydrate srd attributed it
to the reducing property of the oxalate ion.

Yery few studies om the chemicel effects of nuclear
tronsformation with the oid of Mossbauer spectroscopy
involving isotopes other than 57co have been underteken so
far, Hanneford gt _n_;.g showed thst neutron irredirtion of
ngzsno‘ pertially reduces the oxidestion state of tin from
+4 to +Z, ionealing of the irradisted ui,a-o‘ restored the
valency to Sn“. Herber gt 9.60 found the Mossbeuer s,ectrun
of 1950 labolled tetrayhenyl-tin could be imterproted ss
composed of zero-valent parent end & monove lent species
formed 2s a result of Auger cascade, Berger et n.61 irre-
dinted schydrous Ferrous sulphote with thermel neutrons and
using it es a Mossbouer absorber showed thet 40X of the
divelent iron are converted to the trivelent sgate,
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(1) loasbauer sceciromeiar

The mein perts of the equiprent neceded for studies on
Mosabeuer :ffect are (1) the source of gamme-cay, (2) the
gomme rey dotector, (3) the sbsorber contsicing the mossbauer
nuclide ( 57%e ia the sresent gese ), (4) e velocity drive
for imparting e reletive motion to the source with resyect
to the sbsorber or vice versa, (Fig.9%.

Absorber

Jourco

< * —>

Detector

Fig.10 shows the schemetic disgrsms of the main jperts
of the Mossbouer spectrometer used, 2 15-watt synchronous
motor with m reduction geer system was mounted on a vibration-
proof tadle, It wos used to rotste a cam by means of a
delt ead pulley errangevent, The cex made out of the gun-
metol to give a linewr digplecement of 3,6 mm was mounted oOn
8 soparvte vibration-yroof teble to eliminate sny disturbance
due to the motiom of the =otor sad the friction of the geera,
The source mounted ob @ perspex holder or the sbsorber mede
by ssadwiching the msterisl between two thin perspex discs
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cen be gtieched to comefollower Dy screw and thread srrenge-
mewt ( See slso Fiz, 11 ). The source or the sbsorber could
be given sny linesr velocity upto 2.6 c.m./sec, in steps of

0.0036 em/sec, or its multiples by 2 suiteble conbinetion of

£66X38,

The counting ssserbly consists of & 1 an thick Hel (TL)
eryst=l coupled to & T2 - 62104 photomultiplier tube, The
output fror the scintillstion detector wes fed into e single-
chenrel pulse-neizht selector ( Model 5103 3 INucleer
Ynterprise Ltd, ) whose window was set on the 14.4 Fev
photopesk, & pair of mercury switches were 0 synchronised
thet when the source wes moving towerds the sbsorber ( rositive
velocity by convention } or away from the sbzorber {(negeative
velacity ) the output from the pulss~height scisctor was fed
into different scalers to record the output seperstely
for +ve and =ve veloocity, Two .edditional scalers gonnscisd
in perpllels to the sbove peir messured the time during which

the output was recorded,

2 37

o source on copper bscking was prepared by
electrodeposition from 2 solution of cerrier free cobeltS7

on e 0,95 mm thick spactroscopicelly pure coyper foil, which
wes subsequently enneeled in hydrogen st 800°C <or ome hour

and then in vecuusm of 10"6 torr for enother hour, The source
was then nounted on 8 persvex holder, The methods of prejare-
tionr of other sources in - dielectrics are deacribed se.erstely

( 2e¢ Qg-\vu),
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The shsorbers under investigetion were rsrepsred by
spresding the msteriel in the powder form botween two thin
sluminiux foils sandwiched Detween two brass or perspex
rings, The quantity of the sbsorber materiel was sdjusted
to give en effective thicimess of ~ 8 m, fgml/cm2 of natural
iron or o~ 0,16 mg/caz of 571-'0.

(3) Pregarstion otg'e(?:h')ﬁ.':’ﬁ 0 sbsorber
Zrom dron enriched to 92 £ " Ig
About 5 m. @us of iron enriched to + 92 § in °IFe wos
dissolved in @ minimum quentity of 68 hydrochlorie scid in en

gtmosyhere of nitrogen gee purified from oxygen, The soluticn
wes eveporeted to dryness over a pereffin beth msintzired et
1éo°c in order to remove the excess hydrochlorie scid. The
drisd ferrous chloride wes diossvlved in & minimum quantity of
cerbondioxidesfree water, ond then 8 fresuly prepsred golution
of KCH wes sdded to 1t drop by drop until the precipitete foized
diswlnd in the excess of the reagent, x‘re(cn)6.sa2o wes
sepersted T oo the ebove cleosmyr zolution by the sddition of
sbsolute aicohol, The product wes purified by redissolution
in weter snd reprecipitetion with sicohol seversl times end
finplly dried in vecuum at room tempereture,

(4) Salibration of tha sugetrometers
The equipnment wes stenderdized by taking the Mossbauer
spectre of ebsorbers of x‘h(cu)s.sx?o ard 310 atsinless steel
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foil, Single-line resonasnce spectrn for 341-“0(0}%)6.5}120 and
310 steinliess steel were obinmined with their ceniroidas shifted
20 «0,26 » 0,04 nn/sec and 0,32 3 0,04 um/sec resvectively
from the Zero velocity ( fig. 12 ) end hence the isomer shifts
obtsined with our 57Co[ﬁaource cen be convarted to thet with
rgspect to a 5700 source on stainless steel becking by edding
+ 0,34 rm/sec to our ex;erimentel rosmults, The line~widths
of 64 mgm/emz R4P0(Cla)6.3}l20 sbsorber [ ~7 :ﬂg/c:l!:2 of natursl
7Tre 1 end 0,02 =» thick steinless steel foil wore found to
b8 0,36 3 0.04 mm/sec, end 0,44 % 0,04 =m/sec. res ectively

st 25%, These valnes of the line-widths gre comgsreble to
those re orted in the litersture { Table 4§ ).

The performance of the Hozsbsuer spectrometer was
further checked by running e hyperfine split spectrum (HFS)
{ Fig.13 ) of 19 u_;/cnz thick iron Toil enriched to + 92 #
in 7Tpe aud compuring the results with those reported by
Henne gt gj,.ss The positions of the six lines in our HFS
coincide with thoss repo:ted by Henne gt gle ( See Table 5 ),
if wo toke + 0,17 mn/sec. %0 be the correction fector for
couverting the isomer shift from copper becked source to @
source on iron becking., Hence the isomer shift of iron with
respect to our copper source is « 0,17 mm/sec, & velue in
agreensnt with thet reported by Collins gt .57

(5) Cryostat end heater

The Mossbauar spectre st temperstures below roor tempe-
roture were teken by cooling the source or the ebsorbsr in a
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Tsble = 5

Comparison of the experimentzl values of the positions
of the six lines in the hyperfine Mossbauer spectrum
of iron with vslues reported by Hanna et al66

sbsorber:

Source : 57C<>/Cu at 25°C

Iron foil at 25°C (19 mg./cus
thickness enriched to +92% in 97ge)

No. Absorption Yalues ealculuted Experimentsl
arxias from the data of values
Harna et al.
(am./sec.)
1 Ve, — /2, -5.47 -5.46 £ 0.04
2 1/2¢ —— 1/2' ~2.24 “3.26 b4 C.C4
3 V2 -—V2, -1.01 -1.06 £ 0.04
4 V2 ——V2, +0. 87 +0.64 £ 0.04
5 /2, ~— /2, +2.90 +2.90 £ 0.04

6 ve, - 3/2,

+5.13 +5.14 ¥ 0,04
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cryostet in vhich the smmple could be cooled upto liquid '
nitroren temsersture by meens of o gless Yo metel seals The
cryostet i chown schemeticelly in fig.(14) shich is self-
explenstory snd hence a doteiled description of the cryostat
used hies not been given,

The exyeriments conducted et temperatures higher than

- the roonm temperature were cerried out by kee.ing the source or
gbsorber in & furrsce mede of btrass snd shown schemstically in
Fig.(15). The euntire hesting ssse=bly was kept inside &

closed, thermally insulsted aluminium box which hed two aluminius
window:of 0.00036' thiclkness for the transa: saion of the 4.4 kev
genrewray, A stediiised power mupply ( stebility better then
0.1 ¥ ) in combinetion with a verisc gave a tempersture

stebility better tham s 2° upto 550%C.

Exgvecstion ol mekeciels

1o CoCrzol

Cobalt chromite wes prepered by heesting & mixture of
cobelt oxide and chmomium Sesquioxide ir the rotio 1:1. The
mixture woe thoroughly ground with slcobol i a sgete morter,
dried end pelleted, It wms then herted in edr in a uletinum
crucible et $1100% for 12 hours, ‘e pellet wes crushed, ground
to & fing powder, repelleted and hesmted egain for 20 hours at
1280%, This produc; was ¢odoled to room tem ereture st the
rete of 40°C/hr to obtsin the equilibrium cstion distribution,
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The .sulpbochmnite wes prepered by grinding in sloohol

e mixture of powdered chromium and cobelt metals end sulphur
powder in the retio 13834, This powdered mixture waes pelleted
ond sealed in a silice tube evacuated %o 10"6
tube wes heeted at 200°C fo- sbout three days and thereafter
ot 400°C for 6 to 7 hours, The solid mess obtoined wes ground
to & Fine powder, pelleted and hozted sgein at 900°% for

16 hours, It wez then cocled to room temyersture st the rate
ot 30%/ar,

torr, The silics

Je FeOrgo'

The ferrous chromiie wes prepared by two different
methods, In one msthod u-203 end i‘0203 were nixed in the retio
351 end hected in sir at 1250% for 4 houre, to obtain e solid
solution with the composition Tey /201‘3 /203. This was then
ground in an sgete morter end mixed with iron powder in the
moler retio 41 Fe, /201'3 /203] s¥e, A pellet, made out of the
above mixtuzre wes hested in en evecuated ( 107 torr ) silice
tube for 12 hours st 950°C end herted agein for 12 hours et 10:0°C |

It was then cooled to room temperature st the rete of 30°C/hour.

In the slternstive nethod, s mixture of F0203 and cr203
end iron powder in the rstio 13331 was hested st 1000°C im an
evacunted silice tube { 10™°
pvowdered, repelleted end herted agein in vacuum for fucther

12 hours at 1020°C,

torr }. The resulting product was
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(4) FeCrzsl

The thiochromite FeCr,S, wes prepared by heating a
nixture of powdered iron, chromium end sulphur in the retio
13224 in a cilice tube evacunted to 10'6 torr, et 400°%C
for 6 hours, The solid was ,owdered egein, pelleted and heated

at 1000°%C for 48 hours,

Z-ray snelyses

A1l the sbove saryles were exenined by taking their
z-roy powler pattorns with MoeK radiation. They all showed
2 single phaese cubic spinel structure, The *a' parsumcters
calculeted for the xe-rsy diffraction pettern are given in
Teble (6) alons with the veluos reported in the litersture’>
with which there was good sgreement in all ceses,

Yethod of dopinz 2'Co

8) Cocr£!

200 microcurie cerrier-Tree 5T:0 as cobelt chloride wes
pipetted out on the surface of the yellet of cobelt chromite
and evagorated by an infre-red lamy, The sample was then
heeted et 950°C in a ;letinum boet for ome hour, It wes then
quenched to room terpersture, The doged sem;ls wes then mounted
in a brass source holder,

b) Cocrzs!

CoCr54 wes in the form oi a fine lisht green powder,
bout 200 uc of carrisr-=7ige cobalt chloride was edded to the
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cobelt thiochromite powder in & platinum plenchoet and the
solution evaporeted by infraered lemp, The san)le was then
sealed in en ovacuated silica tube snd hested st 350°C for
sbout sn hour snd quenched to room tempersture. The doped
sample wes then mounted in @ brass source-holder and covered
with thin sluminium foil,

(5) Preperation of °/Co lsbelled KCoF,

Toth dry end wet methods have beon described in the
litersture! 1?72 for the preperstion of KCoF,, The leter mothod
which is considered more suitable since it eliminetes none
stoichiometry end oxidetion, was sdopted, 0,40365 gns of
CoCl,.6H.0 was dissolved in 10 =l weter in e pletinum erucible
end 0.75 me. oerrier free 2'CoCl, wes added to the solution.
To this solution wes then edded 0,1988 gms of /.1, Potassium
hydrogen fluoride end the solution was concentrated on @ weler
bath %o sbout 2 cc, The solution was then trancferred into
o centrifuze tube and the supernstent wes rejected after
centrifusetiun, The supernetert was found to be scidic and
ary oxidetion of divalent cobalt can therefore be ruled out,
The pink product was washed thrice with 510 ml, hot weier to
remove any excess potassium chloride or hydrogen fluoride, The
resultent product wee dried in vecuum et 200°C for one hour,

4 parsllel preparstion wes csrried out without redio-
sotive cobalt and subjected to chemicsl snd xe-ray anslysis, The
z=roy powder pattern geve awn'a' velue in sgreement with thome
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reported by eerlier workers ( See tebles 6 ). Anaslysis of

the pink compound gave the following results, Found :

Co = 38,01 % K = 25,8 #; caleulsted for Kio¥y: Co = 38.02 By
E = 25,3 %, 2 differentisl thermal anslysis of the persllel
insctive prepearetion of xco}“, wag cerried out to confirm the
ebscnce of water of hydration end determine the tempersture
renge of stability where the Mossdeuer studies could be mede
without any possibility of decomposition, (Tig, 16 ).

75 mg of the redioective compound wes packed irnto @
circulsr cevity 2,5 an diameter end 1,5 mr depth in @ brass
source holder end covered with thin gluminium foil,

5700(1=10 phens rthroline) ;.2 0 was presered sccordirg
%o the method described by sehilt end Taylor.’® About 250 me
of carris r-free 5760 in the chloride form was added to
10 c.C. 0f 2 solution contsining & mixture of 32,95 mgms
00619.6820 and 82 mgns 1-10 phena rthroline monoh)drate, To
this solution was added 0,3 ml 30  HD, end 0,5 ml cone, HCL
and then concentroted to & fow nml over e water bath, The
insoluble perchlorete wes precipiteted es £ golden yellow
precipitete by edding sbout 70 ml water followed by eabout
062 ml 60% AC10,, The compound was recrystellised thrice
from hot water conteining o few drops of hydrogen peroxide,
ThHe finel product wes dried in e wvecuum desiccator et room
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* temperature, A dress source holder containing 30 mg, of the
cozpound wes used for a study of the Mossbauer specirn,

(7) Fo(il)(i=10 ?hcmthroune)s(cm‘l?

It wes prepared sccording to the method described by
Schilt and ‘!uylor"s by adding 30% solution of sodium perchlorste
to 2 hot solution containing 0,39 gms Fe(ll,),(50,),.6H,0 end
0.60 gms 1-10 phensnthroline monohydrste, The dorkered erystsls
obteined were recrystellised thrice from hot water and dried
in vecuum st room terperature,

(8) Fe(iil){1=~10 &‘homthmlino):(cmi ) :.nzp

It wes elso prepered es described by Schilt and ra;,-lor.?s
Chlorine gn;:l;;bbhd through 8 solution coutaining 0,30 gms
Fb(mi4 30‘) 2.6820 and 0,60 gns 1«10 phenanthroline monchydrate
end 0,2 ml, sulphuric seid, until the colour changed from deep-
red to light dlue, A moderste excess of 30 &£ nacxo‘ wae added
and the mixture cooled in ice whem erystels of Fe(l1iI)(1=10 che-
mnﬁxmlim),(cm‘)rnzo separeted out, The precipitste was
woched seversl times with ice cold water and dried in vacuunm
at room tempersture,
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Signicicent chenges cen be creeted in the distribution
of e¢lcetrons in the valency shells of en ston &as 8 result of
the disintegration of the unstable nucleus of the atom in
questiong especially in the slectron cepture decay or the
isome ric trensition, In the electron cajyture decay, the
unstable nucleus absorbs an glectron f£rom one of the neerest
electronic shells e.ffe K shell, The vacency in the K-shell
would bo filled up dby en electron from one of the nex! outer
shells e.7e L shell ond the excess energy liberested by the
en.ssion of en Xerey or alternetively the zersy nay transer
its cnergy %o ons of the clectrond in the outer electronic
ghells eausing the drmatim of an edlitionsl vecercy in the
electronic shell by the emission of & second ¢lectron, Such
on electron is colled the Auger electron, and the frection
of the number of primery vecancies of a certain shell leeding
to the emissior of x-rzys is called the fluorescence yield,
The two vecencies ( the primery vecency plus the vecency due
to Auger effect ) thus creciled nay be filled in e similar manner
by electrons from the outer shells snd produce temporarily e
quadruply cherged iom, Thi: outward movement of the vecamcies
proceeds through the remsining shells snd as & result of the
fuger enscade, one outeins a highly cherged ion in & time
intervel of ~/ 10717 sec. after the nuclear decay, Such highly
charged ions have beon observed in the cese of the free atons,’-
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in solids, however, these highly ionized atoms would be
converted to their stable valency stetes in s very short time
( 1072 4o 10™1° second ) by the cayture of electrons from

the neighbouring stoms, as indeed heppens in metallic lattices.
In @ dielectric lettice, the highly ioniged, moneequilibrium
stetes would teke & longer time to relex to their stable
states. Theoreticel calculsiions by roliaxt? inucatod that
in the electron cesture decey of 2/Co°* cherge states upto +7
cen be praduced by the Auger cascede, The results of his
celeculegtions are shown in fig, (17) end givenin table (7).

If cobelt iz initially triply ionized all the oxidetion stetes
given in teble (7) would de ionized once more,

fbout two ywsrs ago, vhen the present work was plenned,
o number of re or:s hod alresdy eppeared reporting the  ressnce
of +3 nonequilibrium state of iron in eddition to exyected
+2 stoble stete formed in the decsy of 21Co°’ in various
exrystel 1atticoo."'48'51°5a However, the rosults reported
by different groups of workers on the Mossbsuer siectra of
57000 were imterpreted diffo:ently, not necesssrily involving
contribution from the sfter-effects of the Auger cescede’ *47+40s
{ See pPs 3%+ 45 )s The mesn life<t:me of the so-colled none
equilibrium stete observed sre ex.ccted %o be smmiler, the
greeter the degres of covalency in the bonding of the source
lottice duo to grester overlasp between the orbitals of the
metel eton snd the ligends end the: eby incrensing the availe
obility of the electronz for cherge relexstion, & study of

the relstive vercentege of the non-equilibrium states ass a
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Table - 7

Percentage intensities I, (n) of various ionized states ‘n'
resualting at the end of the iuger cascades &)noviug the
electron capture decay of 57002'

Ionized state FPercentage

of iron intensity
n Io(n) 3
2 5.0
3 21.9
4 25.3
5 29,5
6 14.2
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function of the progressive chenge in the ionic charscter of
the source lettice, was therefore desirasble, ‘We therefore,
undertook Mossbsuer Zffect studies on the following systems,
viz., (1) Colr,, (2) Colr,s, (3) ECoFy end (4] Tris ‘henen=
throline 2'Co(I1I) perchlorste dihydrate. These systems were
chosen bearing iv mind the following considerations:

(1} The Mossbauer nucleus should prefersbly be situated
on alettice site with e cubic gymmetry =0 that the inted-
pretetion of ¢ Nossbzuer spectrum is simplified due to the
aboence of quadrupole splitting.

{2) The possibility of non-stoichiometry in the compound
is limited if not comple tely sbsont,

{(3) The compound should be stsble over & large accessible
torpersture intervel in which complicetions due to hyperfine
intersctions ars sbsent,

(1) CoCrzi‘ end (h')(h.:‘,.:'i

Both cobalt chromite smd cobelt thiochroaite have a
spinel structure, which cen be written as A[Z],X, where X is
en snion and A end B sre the cetions, In an ideal spinel
gtructure the eniors form & cubic close pecking (fig.18 ) in
w-ich the cetions pertly occupy the tetreshedral and the octo-
hedrel interstices. In a unit-cell there are 32 octehedral
end 64 tetrshedral interstices of vhich 16 octshedrel md
8 tetrehedral interstices are occupied by the metal ions,
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The tetrshedrel ond the octehedrasl sites in the spinel
structure are calle d the £ and B sites respectively, Some
of the cherectoristic festurses of the spimel struciure are
given below,

The unit cell of an idesl mpincl structure is shown
in Fig,18, The non-idssl structure is deérived by moviang the
four snions sround the A site in a [ 111] direction away from
the neerest tetrshedral ion, The devistion from the ideal
structure is messured by the value of anion jaremeter callied
the 'u® pergmeter, In the idesl spinel structure u = 0,375,
In prectice it is found €0 heve & slightly larger value,
indiceting larger A sites ond smalier Besites, The 'u' pere-
weter for (:o(:z.'204 and CoCr264 are 0,38707 and 0,3821

respectivoly.7"?5

A charscteristic property of the spinel type compounds
i3 the nature of cation distribution smong the A end B sites,
The distribution of the cation, as for exemple, for a Z«3

spinel A[B]:,x4 may be

{I) ‘'Hornel® A{Bz‘]x‘ i.0e ONe & ion is in the tetrshedral
end 2 B ions are in octshedral sites e.g. %2‘[ Crg'lo .
Co”cx3*)s,, Fe’'Cr3*10, and Te®Y[Cr3*]s, are normsl
spinels,

(11) ‘Inverse' I 2P]X, i.e. one B ion is in the octe~
hedrel josition snd one srother in ths tetrahedrel position
8ele 31?0204 is en inverse spinel with the ¢ation distribution
¥e> ' 51°*Fe> 10,



F1G.18 UNIT CELL OF AN IDEAL SPINEL
F1G.18 = SHOWING ONLY TWO OCTANTS.

O oxveen 1oNs () TETRAHEDRAL _CATIONS.

. OCTAHEDRAL CATIONS.
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(I11) *Intermediate', the distribution of the cstions is
between normsl snd inverse, which may be denoted by the general
formale By A TAs B, 1%, Tor exa:ple tl;e csti:n distri-

+ + + 3+ 76
bution in FeAl,0, is intermediste Feg wshly ool Fey o 5hly 7510,.

It is known thet some cetions have & pronounced
prefeorence for certai: coordineiion rumbers snd this influences
the ceticn distribution in the apinel structure, v@rny'n
Hedlmen'® and Romeijn’'’ have made & Systemstic study of the
getion distribution in the spinels, The neture of the distrie
" bution has been discussed in the light ofcrystel field theory

by MeClure, > Dunitz snd Orgel®’ and Miller,o?

The spinels Cocrz(}‘ end Cocr234 gtudied by us sre peree
moznetic et room tempersiure with Curie peints of 100° ena
240°% below which they undergo @ Ferrimegretic trensition,*C
Sinca there is a unigue cobalt +2 site viz, tetrahedrsl
L-site in these spinels, csrrier-free -/Co’® diffused isto
these spinels { pe. 9% ) will occupy only tha A-sites znd one
csn rule out the possidility of 1Co°’ in an interstitisl or
the octshedrel B sites,

Cobalt is Imown to have elsd valency +3 and chromium
can exist in 42 oxidation state, Hence there is a possibility
thet some of the Co°' ioms pay be oxidised to +3 state with a
concomitaont roducuon.o:f cro* 4o Cre’, so thet the charge
neutrelity is still preserved, This will Jesd to the pressic ¢

of +2 end +3 chronium ions st the octenedral sites and hence
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would merkedly incrense the conductivity, High room
tergerature resistivities of Cof 2]04 and Cof Cr2]34 viz 106
enc 5 x 103 ('gb’ﬂ)ohn-cm reszectively rule out the sbove
possibility in Co{Cr,]0, end Co[Cr,]3,. "The cobalt ions

sre the.efore in +2 dxidetiorn stete end rre at the A sites,

8; The Yossbauer spectre of 57Co0r204

Tho Hossbeuer sectye of - 'Co{Cry]0, metched against
327 7TFe enriched K,Fo(Ci)g.3i,0 sbsorber (0,74 ng/ea’ in
°Tre ) token ot -80°%, 25°, 200° and 362°C ere shown in
figs, 19=22, & perussl of the spectrum st =30°C (Tig. 19s)
ghows thrt thore ere threc sdsor;tion pesks of unegusl
ingencitics et approximately 0.20, 0.5¢ and 1.0 m/sec, The
neture of the spectrun et room tempersture ( fig.20e) is very
similar except for e chenge in the retio of the intenasities
of the three resonance peaks, Vith en increese in the
terperature of the °(Covr,0, souree, the Tesolution between
the thres 1ines beocome poorer and st 200°C only two mexive
eppesar, the third peask being indicsted only by en ssymmetry
of the spectrum ( fig.21a), At 362°C only » single broad
asymretric pesk is observed ( Fig,2%a).

ifter 8 consideration of a number of possibilities with
end without quadrupole splitiing, the exyerirental dete were
finelly enslysed by synthezizing eech observed spectrum vs s
sum of three singls seysrsie sbsorption lines of Lorantzisn
shape by meking use of the equation given by shirene gt gl.2’
viz,
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%

Y = (14)
140,75 (F)7 + 0025 ( E)4

where ¥, 19 the height of the ssectrum end 2 7' i3 the

full pidth gt half seximue, In the first instence the value
of the isomer shift of esch line wes teken from the position
of the mexima in the oxperinentel curve snd the velues of
the intensity end linewidth erbitrorily estimoted, In the
sbsence of the aveilsebility of computer fecilities the
synthetic curves were obteoined by @ trial end errar method,

i pusber 0f curves were constructed for different combing-
tions of Y, U' end the isomershift until the synthetic curve
{19b =« 27b ) coincided with the ex,erisentel points which
heve been denoted with error bars in esch figure, A very
200d eggrecment wes obteined in every case between the ex eri-
mentel points aad the computed curve shown by solid line, The
components of the resultent computed curve sre shown in

pexrt (d) of eech figure,

The isomer shifts corresyonding to the three single
ebgorpticn lines st different temperatures are given in
teble (8). The esverimental velues of the isomer shift with
respoct to K, Fo{CH) o340 absorber were convertesd to those
with resyect to & stainless steel sbsorber by edding 0,08 mn/sec.
The isomer shifts corresyonding to the three lines are chergctor-
igtic of +4, +3 ané +2 states of iron ( fig. 4 poce T7
teble 2 ), Single ebsorption linea indicote the absence of
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en EFC at the iron site, & recsult in sgrecment with the cubic
point gymaetry of the A aite in the spinel structure, <“he
isoner shift of the +2 state is equal to thet for the spinecl
%2 Cr2*]0, ( & fig. 238, table 9 ). Tho ieover shift

for “e** 1s in good egreoment with the experimentel velue

for the totrevelent iron resorted by earlier workers, 2957
The experimentel velue of the isomershift for tho +4 stote

is much less negative then expected fron the theoreticslly
predicted \nl.uu“z6 for a purely ionic 304 configuretion, This
moy be explained as due to an increese in the covelency of e
cation with ¢ higher charge, A nigher cherge brings sbout
the reduction in the size of the cetion and the consequent
grester polecizstion of the surrounding snions, The d’s
bonding instesd of the sp° bonding of the cation ot the cri o
et the tetrshedrel (A) sites, would dring sbout s decreuse

in e¢lectron density et the nuclsus, end hence an incresse

in the isomer ahift, Gue to & grester shieldirg offect of

the d-elactrons,

The tompersture coefficients of the isomer shifts Dr
the +4, +3 and +2 stetes of iron were found o be =3.0 x 10712,
<340 X 10~1% ana «3.3 x 10”12 / Geg. respectively, These
velues sre of the same order of megnitude es tie limiting
value of the second order Doppler effect arising from the
lettice vibretions, viz.>!

Cc
%’(éﬁ‘) .:.%%.%é--2.44x10.‘5/608.(‘5)
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Table - 9

Mossbasuer parameters for FeCr204 and ?eCr234

at room temperature

Spinel Isgmer shift Line~-width Ref.
relative to -
stainless steel W/ 9%
ma./sec.
FoCr204 0.92 £ 0,04 1.04 £ 0,04 Present
work.
.96 ¥ 0.04 1.04 £ 0.04 86
FeCrgsy 0.72 ¥ 0.04 0.48 T 0.04 Fresent
N work
c.72 £ 0.04 c.48 £ 0.04 101
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where cz’ the specific heat et consient volume is taken to
heve the limiting value, 3% ( R = Gas constent ), The foot
that the observed tempersture coef icients of the isomer
shifts are in agreement with the theoreticel value gives
confidence in the correctness of the method of our anelyses
of the Mossbauer spectra, The reletive intensities of the
spectra due to +4, +3 snd +2 stato; were celculsted fron the
ereg under the individusl peeks of the theoreticel curves
end are given in teble (3), for different temperstures,

The results reported are independent of thermel cycling
indicating the origin of +4, +3 ard +2 states of iron to be
reversible.

The oxidetiorn states of irom, higher then, the expected
+2 stete, obsorved i the olsctron capture decey of 2 '/Co*”
heve previously boen interpreted by Tertheim gt gl 0201952
Thide end Shenoy'' ond Ingslls end coworkers’ %2 as the
metasteble stetes with limewtimes compersble to the meen-life
of the Mossbeuer transition, The ratio of the intensity of
the metastsble +3 state end the steble +2 state viz, 1(3)/1(?)
wes found to chenge with temperature by these groups of
workers and attributed tc the chenge in the melexation time
of the highly ionized state with temu.ersture, The recent
decisive work of Uraig snd Triftshauser’’ oo the delayed
coincidence Hossbasuer effect measuresents on 57000. 5700 doped
Ferrous Ansonium sulshete srd Hi0, (G50, .7H,0 sad 27Cocl,
established that the retio 1(3)/1(2) though dependent on
the tempersture remains constant et & fixed tempersture for
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dolay times 4 to 200 n,secs, It is the efore evident thet
the observed higher charge stetes sre not nonegquilibrium
stetes but equilibrium stetes produced rapidly ( 10~1% _ 107
gec, ) end gtable on an ardbitrary time scele of the meen life
of the Mossbeuor treansition, .in view of the fact that Craig
and Tr.tftahmaarso obteined similer rosults on cozpounds
widely differing in neture, we beliecve thoir reults to be
genexrally valid and gpplicebtle cl® to the aystems studied
by us,

The formetion of the Te°' state in eddition to the
anticipated Yo' steto in the B,C. deesy of 2/Co in Cod
was attridbuted to nonstoichiometry of Cod or to 8 mixture of
two types of Co0.”C The existence of monstoichiometry in Cod
hss indeed beon recently esteblished by Tisher end
Tanueubat:me3 who showed that oxygen upto 1,2 # can be
stebilised in Co0 st 900°C, This would in turn create metal
ion vecencies which would tend to stebilise the higher oxie
detion stetes of iron produced in its vicinity, In col':r204
one cen rule out the existence of norqquivelent Co°’ sites
es discussed earlier, A limited nounstoichiometry is however
possible, It is known that metal ion vecsncies can exist in
such spinel types systoms or can even be purpossly crected
by suitsble edjust-ent of the constituemts.”’ We shell denote
such vecancies as *intrinsic' vecsncies, In addition to the
intrinsic vscerciles in cation deficient systems, vacenciecs will
2lso be produced by itherszsl energies, £ close relationship
hes been roported between the cetion vecsncy denaity end the
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disaccomaodation phenomena In ferrites with spinel stmcture?c-gz

The vacancy density can be estimated from the value of diffu-
sion coefficient of a cation since the former varies with the
cation vacancy density. %he activation energy of diffusion
is however independent of vacancy dmsity.sg According to
the vacancy diffusion meehanism,93 the acetivation energy for:
diffusion (Ez) is the sum of the activation energy ifor the
formation of the vacancy (Ep) and the activation energy for
the migraticn of vacancy (Ey).

s'd = Bf i Em (16)

If a system already has "intrinsic vacancies" the term Eg
would vanish and the value Eg would be equal to E..

Liudner”4 has tabulated the values of activation

energies for the cation self-diffusion in spinel lattices of
different types, viz. aluminates, ferrites, chromites etc.

( tadle -~ 10 ). The values of Eg lie between 7C z2nd 85
k.cal./mole ( 3.46 e.v. ). Markel and Schmalzried > have

reported the activation energy for diffusion of c'0602" in

CoCra04 to be 80 k.cals./mole (3.46 e.v.). However, Sun *
has reported a value of 51 k.cal./mole (2.2 e.v.) for the
same system. He prepared CoCryly, in a strongly oxidising
atmosphere. His sample of Co[Cr,]0, may therefore be expected
to contain an excess of oxygen and hence intrinsic cation
vacencies. The smsller value of Hy reported by Sun may
therefore be attributed tc the absence of contribution due to

Ep in eguation (16). Confirmstory evidence for cation vacancies
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Table - 10

Activation energies for self-diffusion of different
cations in different spinels given by Lindner®®

Systens ¥
(X.esls./mole)
Aluminates
Mg in Mg.\1204 86
x in a0, 78
Ni in NiAl,0, 53.3
Ferrites
Z 1in nFey0, 86
Fe in PFe,0, 82
Fe in FePe,0, 95
Chromites
Zn in ZCry0, 35
Cr in ZnCry0, 81
Co in CoCry04 51
Cr in CoCry04 7C
Ni in NiCr,04 61.4

Cr in NiCry0, 73.0
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is availadle from the work of Bradbura and ngby83 who have
found Co Cr, O4 to be positive hole conductor. It is there-
fore reasonsble to assume that cation vacancies csn exist in
CoCrgy0y and this probably is true for ocur sample of Colrg0,
also. One vacancy at the A site would tend to stabilize iIn

3+

its vicinity two Fe“ 1ons produced as a result of iuger

effect following electron capture decay of 67c°2» « It is
¥nown that vacancies can exist in clustors.97 A pair of
vacancies can therefore dring sbout the stabilisation of ?04'
state. It 1s not necessary that the vacancies be present in
the imsediste vicinity. For example isolated Fe ' ions with
charge compensation at large distances are stadle in NaF
lattices.”® on the other hanc EPR spectrum of Cr° in
indicates the presence of a nearby defect for charge
eonpmaation.” The observaticn of +4 and +3 oxidation
states of iron in addition to the +2 state formed in the
decay of mCO in Oocr204 matrix may therefore be explained

as due to the following sequence of events.

As a result of Auger effects following 57002’ E.C. decay,

fonized states of iron upto +7 are produced in a time Interval
10°2® sec. The charge states higher than +4 relax to the lower
charge states rapidly. Due to the presence of the cation
vacancies in the Co[Crg]04 lattice the +4 and +3 oxldation
states of iron are stabilised for a period which is very long

compared to the arbitrary time scale of 10”7 sec. the mean
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life of the 14.4 kev excited state of 57?0. These higher
charge states would ultimately relax to the +2 stsble state

of iron and may not exist for a period long enough to be
observed by conventional analytical methods. As for example,
due to the short electron=spin relaxation time, static magnetic
measurenent shows NlFo204 ( 168 2 ) to be paramagnetic

( super paramagnetism ). Mossbauer measurements indicate the
same material to possess stable rerronamotism.lm The
apparent 'contradiction' is due to the difference in the

measureaent time in the two technigues.

4 characteristic feature of the measurements on the
Mossbauer spectra at different temperatures is the greater
line-width associated with +4 and +3 states as compared 40
+2 state of iren. The line-width of +2 state at 25°C is 0.44
ma./sec. and I3 nearly equal to the value of the line-width
( 0.36 mm,/scc. ) obtained on our spparatus by matching the
ferrocyanide abscrber sgainst 5700 source on eo})per backing.
The line-width for +4 snd +3 states were found to be C.48 and
0,52 mm./sec. respectively st ze"c. The larger line-widths
of the higher charge states have been explained as due to a
decrease In the time of charge relaxation of the ilonized
11,56 which brings about an increase in the linewidth

due to the uncertainty srinciple. However, the intrinsic

states,

vacancy model offers a simple explanation of the line-
broadening in teras of the inhomogeneous local envirconment

of the +4 snd +3 oxidation states of iron, due to the
associated vacancies. The random distribution of the vacanciles
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around *he FC“

and Te’' sites would produce unequal metel
40 vecency distences end hence would give rise to a distri-
bution of small quedrupole splittings due to locel inhomo-
geneities thus leeding to the broadening of +4 and +3
resonence lines. The line-width Tor ?02’
unafieccted a8 it is present st its lattice site uneffected

by the vecancics.

would remein

Yet oncther result of significence is the varistion
of the percertsge of +4, +3 and +2 stetes of iron with
tomperature { tsble (8) columm V ), It mey be obsexrved
that (1) the eres under Fo', Fo°* snd Fo2* pecks remeins
congent ir the interval - 30°C to 25°C withic the limits
of the estimeted error in our smslysis, (2) the percentoge
of Teo* remsins constent in the tempersture renge - 80°C to
259 snd thereafter it incresses, (3) the percertege of Fo'®
o180 remsins constent in the «20% to 25°C renge and thore-
after it decrecses sherply, (4) the percentase of To2*
no significart chenge in the tempersture renge studied,
The veecsncies which cen exist in pairs st low temperature
dissociste into single isolated vecancics st 2 higher
tenpersture, Consequently the !0“ stete con no longer de
stebilised and would be converted to Feo', Since the

ghowsa

vecercies are bound with a very small smount of energy, @&
tompersture of 200°% 1is quite sufficient to dissociate the
vocency poirs snd it is ot this tempe rature the percentege
of Fe** bas been found to decresse sherply.
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#n elternative explenstion for the incresse of Foo'
percentage cen be fund in the increase in the number of
cation vecancies due to the stebilisation of additional
oxyges in cocx-zo‘ lettice at these temperetures, The phase
disgrem of cocr204 in equilibriun with oxygen hes not becn
studied s0 fer but it is highly unlikely thet cocr204 would
toke up edditionsl oxysen st the low temp reture of 362°C,

b) The Mossbeuer spectra of 573031-28‘.

The Mossbauer gyectra of °(Co doped CoCr,d, metched
ogoimt 8 92 £ °'Te enriched K,Pe(C)¢.3H,0 sbaorber
( thicimens, 0.74 mgn >'Fe / em’ ) at room tomm reture and
200°C are shown in figs. (24) end (25). 7The s-ectrum st -20°C
end below wore not studied on account of the couplication
arising due to hyperfine splittiag in ferrimegnetic stats and
et higher temperstures due to possible thormal doconposition
of the compound, The spectra were snalysed as described
before as the mua of two single line Mossbeuer spotra of
07" end To°* stetes., There is very good mgrecment betwoon
the theoretical curve shown by the continuous line end the
experimentel points within the limits of statistical error,
The velues of the isomor shift, line-width and tho relative
intensities of Too' ( 1(3)] ond Fo2’[ 1(2)] ere summerised
in teble (11). The isomer-shift corresyonding to the two
absorption lines are charscteristic of slightly covelent rc”
and Ye°* stetes of iron, These velues sre lower then tho
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1somer shifts corresponding to the +3 and +2 states of iron

in CoCrzo‘ dus to the grester polerigebility or covalency

of 5% ion in cocr?%‘. Single regonence lines due to Foo©

and Ye2* sotote sre consistent with the cubic point symmetry
of the Co%* sites in Colr,S, et which iron stome are produced,
The corresponding spinel comteining Fe°® at the Aesite i.e.
r.crzs‘ aloo shows @ single nerrow line resonsrce s;ectrum

( Fice 23 ).

The observation of +3 state of iron in addition to the
expocted +2 stote may Yo attributed to the existence of
intrinsde cetion vacencios in the CoCr,3, lsttice. The Secbeck
coefficiont of Colry3, has been found to have a lergs positive
value ( + 852 av / dog )« This is ususlly imterpreted as
charscterictic of the petype semiconductivity. O¢ The p-tipe
gsomiconductivity cen erise eithor due to (a) positive holes
or cetion vecancies, or (b) enion excess i.e. & occupying
interstitial positions in the 0(01'2]9‘ lattice, [ue to the
lerge sise of the sulphide ion, it cennot be sccozmodeted in
the interstitiel positions and the p=type semiconductivity of
the spinel Co[Cr,] Sy indicetes the existence of the cation
vacencies, The Te°' state cen therefore be stabilised by
these vecencies ss explained eerlier, The ratio 1(3)/1(2)
of the intensities of +3 erd +2 oxidstion states of iron, in
the temporsture intervel 25° to 200°C is constent within the
limits of uncertainty iv the snalysis of the spectre., The
larger linewidth of the higher valency state arises due to the
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inhomogen: ous local environment of the iron atom stabilised
in the trivelent stste due to the aszocialed vecancy as
dgscribed earlier ( p. \\9 ). The increase in linewidths of
the Feo' and Fe’' stetes with an inoresse in the tempersture

may be attridbuted to the Doppler broedening,

2) The Yossbauer Spectra of K CoFg

KcoF3 belongs to the family &f isomorphous transition
metd conyounds of the generel formula K'Me’'Fy
[ He2* = m? , m?*, 00® ena W°* 3 with perovskite
structure.'0? It is kmown to be highly ionic in neture and
it is expected thet the relaxstion time of & highly cherged
ion in such & metrix would bo longer enough to be detected
by Hossbguer “ffget studies, It cen be prepsred dy e wet
method in en ecid solution where oxidetion of Co°' to Co°’
cen be ruled out, Eesides, it is unlikely thet the
compound prepared by wet method would have & nonstoichio-
metric composition, It has & Neel tempersture of 114°K below
which it is untifermmgmtic." The corresponding iron
compound, xr.r3 is known to give s single line resonsnce
spectrum with an isomer shift of 1,40 mm/sec,, charecteristic
of & higaly ionic Fe* stete in cubic surrounding, 20» 104
Differentisl thermal snalysis and thermogravimetric snalysis
of & freshly prevared semple of K&':o??3 { fig, 16 ) showed that
it is thermally steble upto 210°C beyond which it melts and

eveporutes alowly,.
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The Yossbeuer spactra of K/Cof, source st -80°,
25% and 130°% metched egeinst on enrichcd gotessium
ferrocyanide absorber ( 0.24 nsq/cmz 57?0 thick ) are shown
in figures (26-23), Two partislly resolved bromd resonances
of unequal intensity with their mexima st ~ 0.4 end 1.3
mm/sec, were observed et all the three tempersturcs, The
spectrunm ot eny single tempersturc may be considered as (1)
e single quadrupole split spectrum of e high spin Fe°? ion,
the unequal intensities of the two wings of the gquadrupole
split spectrum erising due to (2) e preferential orientstion
of the crystallites or (b) the snisotropy in the recoil
fraction s explained by Celdenskii'®®, (2) e superposed
spectrum of two-component spectra due to hish spin ¥e ? and
I’os" stetes, 1In enalysing the spectra by shirene’s method
{ pege \10 ) the first possibility cem be ruled out for the
following reasons

(8) The X5700$’3 source, rotated by 130° through its
diemeter gave sn identicel spectrum eliminating the possibi-
lity of 1{e).

(2) ®700%* on electron capture would be ultimetely converte
2 shich would cocupy & Co°* site octehedrslly surrounde
ed by 6 T ions in ECoFse Such e cubic symmetry is umlikely
to be responsible for the observed large quadrupole splitting
of the spectrum &f it is interpreted according to the alitore
native (1) indiceted ghove,

ed to Fe

(2) If the spectrun is enelysed in terms of twocomponent
spectra es mentioned in the second alternetive, thon one of
the sinsle line components is typical of the Mossbauer
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spectrum of K.‘t‘efa with an isomer shift of 1,48 my/sec,
( reported velue of the isomer shifi for K!‘eF3 is 1,40
2.6, |04

m/8eC. )

The observed spectrum wes therefore interpreted ss
being composed of two seperate single resonance line spow
ctre due to high spin Ve ' snd To°' stetes. A comperison
of the observed spectrum [Fig, 26(a) -, 28(a)] ard the
calculated curve [ 26(b) to 28(d)] shows that the theoretical
comzosite curve ( indiceted by 2 continuous line ) obteined
by Shirene's method is in good egrecment with the experimentel
poinfs in eoch cese, The corresponding Yossbouer parameters
vig,, isomer shift, line-width and intensity are summerised
in teble, (12), It would be observed thet the decey of
5T¢o in FCofy gives rise to mearly 60% trivalent state of
iron in sddition to the expected Fo ! stete, The retio
1‘2)/1(3) increases with increasing tempersturc, and is
indepeandent of thermel cycling, Jucn @ beheviour hes been
interpreted earlier as due %o the decreese in the relaxzetion
time of the Fe' pomesquilibriun state with an ineresse in
tempersture, Howcver, in view of the work of Creig snd
Triftshauser 0 the interpretation of e * Ct“th:fsnoneqm:b- '
briun stete mey be ruled out. The Fe>' state is formed
rapidly ( < 10~ sec ) due to Auger process end is stebili-
sed for s time long enoush os compered to en erbitrary time
scole of 1077 gec. The stebilisstion may be brought sbout
by the crystal defects end impurities such as metsl ion
vacencies or substitution of ¥ ions by higher cherged enions
such ea 0 jons, The Goldschmidt redius of the Yo' iom
( 0.67 2% ) is smelier then the radius of the Fe+ ion. .
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2¢ o 106
(O.aaﬁ)anch ion ( 0,82 A ) and hence it may tend

to get stabilised strictly due to a volume effeet in a Co2*
bk
site in cobalt compounds with apprepriate charge compensation.

The decrease in the rstio I3/ I, with increasing
tenmperatures appears tc be intimately related to the state
of equilibrium of the crystal lattice at any temperature
since It 1s independent of thermal cycling. The possible
excitation of the clecetrons into the conduction band at high
teaperature would cause the reduction of the Perric to Ferrous
state by absorpticn of an eleciron.

3} The Mossbauer Spectrun of
97Co(111)(1~10 Phensnthroline) 3(C1204) 3. 210

Soon after the discovery of the rescnant absorption
of gamma rays, Hossbauer experiments indicated the presance
of nonequilibrium states of iron formed in the electron

capture decay of 57002’

due to the aAuger process. If the
reported results on the observstion of P‘Sw state, In

addition to the expected Fez" state were really due to long
relaxation times of the highly ionised states of iron,

then the decsy of 57Co in & predoninantly covalent matrix
should not give rise to sny avpreciable percentage of the
nonequilibrium higher charge states, cue to easier availability
of electrons ocn account of a greater cverlap of the ligand
orbitals with the metal ion orbitals. In order to interpret

the results unambigucusly one should be able to eliminate
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nonstoichiometry & well as carrectly identify the valency
end the environment of the perent nucleus, It would also
be useful to heve information on the Hossbeuer syectre of
ths doritspondmg iron compounds in differemt oxidation
states, A moleculsr complex of the type Tris (1-10 shenene
throline) Co{ iil) perchlorate dihydirate appenrs to meet thee
above requirements,

The Mossbeuer spectrs et liguid nitrogen tene rature
of 97co lebelied Tris (1-10 phenanthroline) Co(1lI) per-
chlorete dih drete matchod sgeinst 57)‘0 enriched
Ky7e(CH)¢.3H,0 ebsorber ( conteining 0.8 mgm 5Tye/en” ),
of Fef 1X)(1-10 Mnthmlino);(cm‘)z and Fe( I1I)(1=10 phe-
nenthroline) 0 with *1Co/Cu source sre shown in
fiza, (31, 29, 30 ) respectively, The Mossbauer peremeters
of these spectra ere given in tebles ( 13 snd 14 ). The
To( 11){1=10 phomnthrolﬂn),( ';10‘)2 spectrus shows 8 quadru-
pole splitting of 0.4 & 0,08 mm/sec, with an isomer shift
of + 0,06 mm/sec, with res.ect to 57Co/m source or
0,40 & 0,04 nn/sec, with ressect to 57Co/:‘>s source
( fig, 29 ) charscteristic of covelently bound Fe(1I) ion,
The existence of 8 small quedrupole splitting indicates
that the BP0 et the Fe(1l) nuclous arises due to a slight!
distortion of the octechedral gymmetry of the conmpound, There
will not be sny electronic contribution to the BTG due to
the fect thet the ferrous ion in this complex has a
{ t?e )6 (98)" configuration, These results ere in agreemont
with thoso vesorted by Spsteini®? end Collins gt g1.57 with
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tho exception that our Moscbouer siectrum shows a distinct
doublet while the above memtioned investipsators heve reported
only single broad resonarce line which may be attributed to
e finite thickness of their source end/or sbsorder.

. The Fe(iIX)(1-10 pmmmm)s(cw‘)suzo spectrun
on the other hend show: an isomer shift of «0,08 my/sec with
resyect to 5760/(:; source Or 0,26 mm/sec with respect to
5700/3.5 source, charscteristic of low spin Fe(ill) compounds
" end o lerge quedrupole splitting of 1.6 mm/ smec. (Fig.30) which
2oy bo ettributed mainly to the 870 erising due t0o o vecsucy
of sanelectron in the otherwiss comploted deshell, There nay
eloo be 2 smell sdditionsl comtribution to the 870 due o the
distortion of the octshedrel symmetry, The Mossbauer parsw
meters found by us are in sgreement with those found by Collins

ot n.67

The M¥ossbeuer srectrum at 25°C of 5700(1-10 shonen-
throlino)3(cm‘)3,mzo ‘matched agrimt the ferrocymnide
gbgorber =i7 ghows m smwall resonent abdsor tion and since’
its anolysis was rether indefinite, it is not shown here,

The. spectrum obteined by keoping the source at liquid nitrogen
tompornture is shown in fig, (31), It shows two rosonsnce
mexing at ~ « 0,8 mn/sec. snd ~ + 0.8 nn/sec. with a large
difference in their intensitiecs, It nay be interpreoted eos

(1) = single Mossbouor spectrun with agymmetricelly split
quadrupole gplitting which mny ardse dus o o preferential
orientotion of the crystallities or due to Goldanskii E:ffect.ws



133

The former was ruled out by tskins 2 second Mossbauer
spectrum sfter rotating the surce through the diemcter by
120° when en identicel spectrun wes obteined, (ii) a
composite Moasbsuer gpectrum consisting of contridbutisa

from the sgyarcte syectra of the following stetes of iron
viz, (&) low spin ¥e(lIi), (b) low spin Fe(lil), () high

spin 30?’, (d) high spin r.” o A cozporison of the
Yossbouer spectrs of Te(1I)(1=-10 phenanthroline)s(cw4)3
ebsorder end the 2'Co(111)(1«10 phonen throline)5(C10,) 2,0
source egeinst Ferrooyenide edcorber clesrly shows that

there is littls contribution due to low spin Fe(ll) com,ound.
It was found that the experimental results could be reproduced
by a combination of the Mossbauer spectra due to & quadrupole
8plit spectrum of low apin Yo III) end a quadrupole split
spectrua of high spin Ye'<, The curve was enalysed by the
tricl and error method according to the Shirane's procedure
es elreedy described ( See pmge \© ). A perusal of fig.(31)
would show thet there is & very good agreememt botween the
theoreticel curve shown by a continuous line drewn metched
egeinst the experimentel pointa, The ismmer shift, line-
width md the percontege sbosor tion for the two steates ere
sumerised in teble (14). The four resonance maximg ot

- 0,72 and 1,0 m=/sec, and 0,64 and 1.64 mo/sec, corres ond
to an isomer shift of 0,14 mm end 1,14 mm/sec, res ectively
vith respect to Ferrocyanide absorber or 0,22 end 1,22 ma/sec.
with resect to steinless steel absorber, and quadrupole
splittings of 1,72 and 1,00 mm/sec, res ectively. The Former
is cherecteristic of low spin Ye(111)(1-10 yhonanthrolino)3
(C10,)3.H,0 end the letter of high syin Fe' comyounds,



134

The observation of the low spin Fe(TTI) state in the

Mossbaer spectrum of ' Co(I11)(1~10Fhenanthroline) F10,)q 2Ha0

57

is consistent with the conversion of the “'Co(117) to

57?0(1!1). A8 expected, no charge state higher than +3 have
2+
is

however unexpected. Wertheis et :_a_;..sl have zlso observed a

been observed. The observation of the high spin Fe

+2 ionic state of ircn in the Mossbauer spectrum of
5760(111)(Acoty1 acotonato)a and interpreted it as due to a
rearrangement of ehargse distribution among the near neighbour
atoms te accommodste thée presence of ions of eharge’7, 4,

This geexs to be unlikely sinca there is no avidence for +4
state in the spectrua. In the csse of multiple charge atoms
produced in a sclid, two charge states of the same element
with charges n and n+2 can exchange sn electron doth
becoaing n+l. However, such exchange processes are more
1ikely st high temperatures than at 4°%X ( the temperature of
Jerthein's experiment ) and hence one should be adble to
observe the +4 state as well. Therefore, we believe the
explanation given by Wertheim csnnot account for the existence
of +2 state. The explanation for the valency state lower than
that of the parent atom should therefore be scught for, in

the fragmentation of the metal complex due to Coulombie
repnlsion‘wa arising cut of the iuger process, following the

electron capture deczy of 57Co.

As discussed earlier ( se¢c pp. 103 %104 ) the electron
captare deesy of =n unatable nuclous produces a highly

charged central mstal ion due to the 'vaeancy cascade!



135

process, wnich has been estimated to take place in a very
short time interval of 10™19 sc.ac.:l'08 The highly charged metal
ion produced as a result of Auger cascade would distribute

its excess charge to other atoms of the molecule since the
time of iuger cascade is much less than the period of vibra-
tion of atoas in the molecule. The distribution of positive
charges throughout the molecule produces strong coulosbic
repulsion between different atoms of the molecule leading to
its virtual decomposition. One would therefore obtain a new
cheuical species consisting essentially of ionic ferric state.
The Fe°"
to Poa’ since a large nusber of electrons would be produced
in the fragaentation of the molecule uas explained above. It

is significant that the value of the isomer shift and the

state cuan easily acquire an electron and get reduced

quadrupole splitting of the Fe>' component in our case are

comparable to those reported by Wertheim for the Pez* component

Sco(11 I)(Acetylacetonate)g.

109
Mossbauer studies by Saito et al. have shown that Fea’ ions

in the Moasbauer spectrua of

in ferric oxalate can be reduced to Pez’ ions by the gamma
irradiation.

Recently Amar Nath et g}_.uo have reported the results
of the Mossbauer studies on a similar systea viz., Tris-
dipyridyl 67Co(11!) perchlorate. They have claimed the
absence of the above fragmentation process. Their Mossbauer
spectrum has a distinct asymmetry in the quadrupole split
spectrua, which has not been explained. We believe that the
asymaetry is indicative of the f(ragmentation process with the
exception that the percentage fragmentation in their case is
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aomewhet samller than in our system, Tho results of
serthein gt gl.”° on the Mossbruer syectrum of cobelti-
cinium tetrephenyl borcte csa plso be inmtersroted in torms
of & fragmentetion process, Their s;ectrum was found to
consist of 2 singlet and doublet the former being identified
as due to ¢ ferricinium ion resulting frow the cobalti-
cinium ion while the latter being due to & decomposition
product of the fragmented parent molecule,.
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