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Febru@ry 1971
vI..:INiﬁoDUCTION‘
' Itvsgehghappropriate that MSésbaﬁer Sbectroscopy'shouid be reviewed in
a volume on mégheﬁic resonance. These two fields oveflap in many areas. They
S ? .
have several tﬁeoretical conceptsvand models in commoh,.and they often play
compléméntary'rélés in elucidating phjéical.phenomena.' Recently, for example,
they have-ﬁotﬁvbeen used intensively ih studies'ofvmagnetié hyperfine fieids
and reléxation éffects.

The question of whether MOssbauer Spectroscopy should be reviewed

annually is another matter, one that certainly warrants discussion in the first

such review. Consideration of ﬁhis question has served to define the scope

and format of this review: the arguments are given below.

M5$sbauer spectroscopy is a large and diffuse field that spans several

-

disciplines. vPefiqdic bibliographies and reviews are especially important in
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a field of this'natﬁre, in which.itvis imbfacﬁigallfor each worker'to.keép.
abreast of the éntire.literature, vThé M6$sbau¢f Effect Data Index (1) pro-
-vides'a‘complété; périédigélly reviéed; bibliogréphy of fhe MSssbauer litera-
ture. 'Crificai réviews ?n'ﬁhich aﬁpaffiéular>fopic is discussed at length and in
depth appeér”gpqrédidally;. ?his feviéwerfs intefpret§tion'of an annual survey
is that it fai;glébméﬁhgre betweén thesgAtwo extreges. Sucﬂ a survey has the
functioniof calling atteﬁtion to»a small.numberbof tépics of viﬁespread intérest B
on which progrgésAié cugrentlyvbéipg méde,';nd to gifé é shdrt discussion of
each topic. The surVey will'haje fﬁlfilled its pu;pose.if it is useful in
helpiﬁg workéréAin M5s§baﬁer»spectfoséopy.keep up to daﬁe.

Beéaqée this survey has»morg thg nature of é reviéwzthan that of a
compilation,Aénd beéause‘of practical limitatidns on length, it»ﬁés neéessary
to be hiéhly éeieqtive_in choosing topics forrdiscusgion} Emphasis is placed bﬁ
topics that afe:fundaméntai to Mﬁssbauér spectroscopy ésva.speétrOSCOp;c methqd,
inéludiﬂg studies inisoiid state physics. Applicatidns'in other areas, e.g.

nuclear physics, chemistry, and biology, are not emphasized here. An outline

is given below. -
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.:;I. _SOURCES AND ABSORBERS
"Thefé‘ﬁavébbeén.seQerél recépt develépments of-génefal-ihterest iﬁ'this
area,
A. ‘Ziﬁc:4 67
Tﬁé 93—keyfie§el.6f 67Zn; ﬁith a haifiifevil/2 ; 9.6_uséc, has tanfalized»

MSssbauer spectrGSCOpiéts for & decade. The quality factor Ey/I‘_O = 2,0 % 1015,

which is about 600 times as large as that of the 57Fé resonance, gives 67Zn'

great poténtial fofﬂMﬁssbauer‘studies; The first unémbiguous interpretation of
a Vélocity'spéétfum has now beeh given by deWaard and Perlow (l),vwho used a

67

‘ piezdeleétriéﬁveldcity drive to dbtain velocity spectra with sources of -~ Ga

67

66

in °°zno and absqrbéré of 7n0, both"gtuliquiq heliuﬁ:tempefature; Their
spectra,.Which fapged‘in veiocity up to il2~micr6ns/sec,'showed a central line
and»sevéfal séteilifes. .Tpey obtained absorption effects upvﬁo:OJSS% and line— ‘
widths in thg,raﬁge bf.2.7 to 5 times £he natural lingwidth 2?6; The&vfouﬁd a
quadfupo;e cégpling.cdnstanﬁ e2qQ =2.,47 * 0.03 MHz for the spin.i 5/2 gfound e
61 |

.state of ~'Zn in Zn0O, and an asymmetry parameter T =0.23 % 0.06. At a pres-

sure of 40 kbar equ was reduced by 8%.
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>Tpe

B. Méﬁrix Isolﬁtiép of

.Batrett'égd.MéNab:(2i have répofted’experiments on 57?e‘atoms in a
'maﬁfix dfv$§iid éfgoh. To m@ké'this ébsorber'an>atpmic beam of iroﬁ-was pfo—
dﬁced’and éo-@eppgited with:Ar on a beryllium disc at hﬁgox. They found tﬁo
narrowvpeaks-sepgraﬁgdf5? h;06tt 0.03 mm/sec as yeli'as a'ﬁfoadjébsorption‘
areé. The-tvg parfo?.peaké:were-interéretédvas g?ising from'Fee diﬁgré.‘ The._
poséibiiity bf.obtginihg spéctfa fréﬁ singié atoms b&.mafrix—iéblaﬁibn studies
is of'cphsideréble impqrﬁanéé,,as guch'SPécfra couid providg reliable fidﬁcial
~ points bdsedion;atoﬁic_pféﬁeftiéS'fbf.isomer;shiff gnd qﬁadrupoie splitfing'
studies. .

L+

c. Dy - a Sihgie—Line Source

The réfe earthvéefies has long beep é fruitful region for'MSgsbauer
sPectroébopy; The coiﬁéidenée of a major reéion Qf nup;eaf dgfdrﬁation, which
provides a p;éthgra of lowfenergy‘thlear tfansitions fd‘gfound_statés, and
the rich hyﬁerfinetspect?q(madg possible by the L glecffon configuratiéns
pefmits ekteﬁsivé.app}icatiqn-of Mgssbauér spectroscbpy to;these-eleménts. How-

ever, a_lack‘éf suitable sources renders these applications'difficult.- Khurgin,



s

fine structure.‘ Presumably it is stated from the .

- - UCRL-20L147

" Ofer, and Rakavy {3) have now made a narfow line source for the 25.6 keV reso-

;GlDy.' This source'consiéts,of ;61Gd in a CeOg lattice.l The l6lGd

nance in

decays to form Dy in the +l oxidation state, with configuration hf8.' The

lowest crysta;ffield'stéte is épparehtly a singlet, which would show no hyper-

7F manifold, perhaps the’

J = 6,'MJ.= O‘sfate, which is well known in Tbo' (hfs).
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IIT. INTERFERENCE BETWEEN MOSSBAUER AND PHOTOELECTRIC ABSORPTION

A. El Transitions B | o ) : _ .

In 1968 Sauer, Matthias, and Mssbauer (4) reported an asymmetric absorp-

”tion liné:f§rxlslTa,‘whiéﬁ fhey anglyZed_gs copSiSting of absorption and disf
persion cbmponehts.  The latter was'intérpreted'by Trammeli and Hannon (5) aﬁd

by Kagan,\AfanasféV? and Voitovetskii (6) gs grising from interference between‘
two processesiv<jhéée processeg.are (é).MSSsbauer ébsorpfion followeq By elgct?on :
cohversign, and (b).atomic»éhotoelectric_absorptipn. {figure'l shOWS'the'way

in which the two processes are rélated, as wvell as a'181Ta spectrum (7). The .

total atomic cross section near the gamma resonant energy is given by (5)

where xv is the diffefenCe befween the y' energy -and the energy at resonance,

in units of the experimental line width (half width at half maximum). Here O

. N . R -1V B ' .

is the atomic photoelectric cross section, Oo(l + x7) is the usual absorptlon

component of a MOssbauer resonance line (including the Debye-Waller factor), and

2 & x0,(1 +_x_2)-l is the interference term.
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The .interference parameter is given by (5)

g‘:E( ve2)' )

ﬁheré  a"is thé.éon?ersidn coefficiehﬁ,‘q; is alpértial créss Section.for.
photoeiéétfi; éﬁédrpfioh;.and‘ A is:the y—fa& waveleﬁgth. ‘Tﬁe.facfor é,
which éoﬁld be somewhat léss ﬁﬁan ﬁnity; was infroduceéwby Trammell.énd Hannon
fq account.fbr:tﬁe fact ﬁhatv.d /énd  oéujdre prdportionglvto the sum of squareé'
of trahs;tiénfaﬁéiifudes to é&rious atqmié final.éﬁg?es,iﬁhile &j.is prOportiopal
to the sum of;pr&&uéﬁs of £hes¢_amp1itudes.' Thése'éﬁthors sﬁo&ed that the dis-
pefsion.pa?aﬁétér.'i will‘ha#e the same véi#§<evénbif_thé e#périmehtal liné;
width excééds.fhé’nafgréi widthvbecdugebofIinhdmogenéous.broadening»or hyperfine
interactions. Tﬁey élso indigatgd”that_0;'$ G; fo'withiﬁ.a‘few perceptﬂ

Kgindl and Salomon_(B) ;tﬁdigd the ;BlTa Qase.further, showing that
2t = 0.30 i'OfOI for an unsplit line, ih excellent.agfeemeﬁﬁ with the theoret-
‘ical value 2§ = O.3i €,if €=1. This dispersion term is in very good aéree;

181

ment with the value 2§ = 0.32 that can be derived from the spectrum of “Ta

reported by Saﬁef, et al. _Kaindl and Salomon also fitted a maghetically-éplit
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vspectruﬁ and a,magnetic—dri{e spectrum wiﬁh asymmetric lines, 6btaining dis-
persioﬁ pa¥ametéfs Qé =v0.30 £ 0.01 and 2§ = 0.35 ¢ 0.07, fespectively, for
Ithese two éasesf',Thg exceliént agreement of the yalugé of 2% derived from the
unsplit andvmagnéﬁiéa11YEsplit specfﬁa is in aCcdrd with the eipectations of
Trammell and Hannon.

.181

While

Télgives by far the largesf dispersion parasmeter, other El
transiﬁibnS'glsQIShow tﬁe gffect. LukashéVich, Gorobchenko, Sklyarevskii,
and Filippov (9)_fpﬁndv2£‘= 0;678_i O;0ll.for the 25.6-keV transition in Yo'y
~ which coﬁpdrgg-wgll wi£h @ thééréticél'§alu§ gé # 0.07T7. ‘By defectipg con-
version électronssthey meaéﬁfed a related parameter, ﬁhich've‘shall term £,
‘feldted bf

14+q :
€ = (*f?;‘f) ; .

They found 2§_ = 0.102 * 0.015, while theory (6) gives 2£_

10.108. ‘In.angther
study,_Henniﬁg, Béehre, and Kienle (lb)‘reported 2F 510.07 + 0.01 fo? this transi-.
. tion.‘.These workers studied a total of five El transitions. Their.resglts and
those giveh'gbove grevgolleéted in Table 1. An inspection gf this table indif

cates that '6'5,1 for every case.
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B. Ml Transitions

Détectiqn of gamma feSonance—photoeffect interference by direct obser-

vation of asymmetry-in absorption lines is feasible_only«for‘El traensitions,

but Afanasie# agd Kagan (11) pfedictgd that siﬁilér interference effects for
Ml traﬁéitionélqould be detected through a_forwardrbapkward'asymﬁetry invthé
distribution:Of;éénvérsion eiec§rons from.the absorber. _Mitrofaﬁov, Plotnikoya,
Rokhlov, and Sh?ihelj(lQ) héve feportéd the observation of such an 1symmetry

in the 23.8-keV M1 resonance of 19sn.- Writing

,do_' L .
—— (1 +B . x)+0 .
1+ x? ' nl = e

e

Q
]

for an M1 traﬁsition, the interference parameter is given by

B

nl =_d'¢os 67 ;

where 0 1is the angle between the Y4Quantum and electron momenta and d is
a factor that depends on the electron subshell from which conversion takes

place.
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" IV. COLLECTIVE EFFECTS IN RESONANT NUCLEAR SCATTERING BY CRYSTALS

A. Theory

Whgﬁ a Mg$$bauer gammgxguanfum_passes through.a.single crysfal con-
sisting‘iﬁ éarf ofiatbms of ihe_fesonant iéotppe, #hese atomsican interact.col—
lectively Qiph‘fﬁe'gémma Quanﬁum's.wavé fieid."When the Bragg condifibn is
_ satisfiéd;.uhger:ébmé conditions, the amplitﬁdeé for the ermation of an excited
-stgte can have eqﬁal mggnitude butboépdsite signs in fhé incident and 4if-
fracted waiés;.iﬁecapse thése wgves'are coherent, the forﬁaﬁion ﬁrobgbility
for the excited sjate will vanish. In the simplest case, for eXample, & or
-JC will have'node§ at the nu?lear'sites. -This results.iﬁ a suppression of the
inelastic éhanngicofrgépgndihg fo'Mésébaﬁer absorption, anq the crystal Becoﬁeé
transparent whenvﬁoth the Bfagg-condition and the'reSOﬁant Doppier velocify con-
dition are satisfied; The:effect caﬁ be‘observed‘either in t?ansmission or in
reflection.

Kﬁgan and Afanas'ev predicted and discussed suppression of MOssbauer
apsoPrtion in a seriesvpf theoretigal pépers (13-16). Kagan, Afénas'ev;'and

Perstnev (17) made a detailed analysis for the case of reflection. Recently
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Pham Zuy Hien (18).ﬁas-disgusseévthg.related questionldf spontaneoﬁs emission
of 'y lguanfa_by:§‘8&$ﬁem-of-identicél'ﬁuclei.

"Apaff frém thé.prgbleﬁ of.préduCiﬁg a suitablé éingle érystal, two
»bexperimental diffi¢ﬁlties‘muét be deélt with in‘obsefving fhe coliecﬁive effect.
First, the angulgr.dispérsiqhbdf the y—réy beam must be small, ﬁo satisfy thé;
Bragg‘conditibn.gffeCtiﬁely..'Second?“thé>nuélear éolleétive.effect must be
distinguiéhed*erm the Bo#rmann’éffectb(19—22), which’is ité gtomic énalogue.

Inva pap§r on the the6fy.;f‘mégnetic MEsébauéf diffréétién,.Belyékov

and Ajvazian (23) have discussed diffraction of Mossbauer radiation by mag-

netically Qrdered crystdls containing reéonant huciéi; in_Bbrn apprbximation.j
The Bragg'and'Rayleigh maxima.don’t‘cbincide, and it should be possible to

determine the orientation of the hyperfine field relative'to3the crystal axes.

57

ll98n énd  'Fe

B. Expgriments.énr

A number of experimental_observatibns of thevhucleér collective effect
have been reported recently. Voitovetskii, Korsunskii;vand Pazhin (24) reported
e . » . 119 - . :
transmission and scattering measurements with the ~~~Sn resonance, using a single

crystal of tin of natural isotopic composition. The collective effect was
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Qbseryed in bofh Qases, bqﬁ the‘coherept resonant nuclear écattering amplitude,
[fil, was sﬁalier than the cohérent'electron écatterihgvamplitude; foo 80 thg
Borrmann effect itself was yery substénfial in.this early work.b The two effects
‘were aistingﬁished by comparing spectra tékepvop and_dff resonancev(the Borrmann
effect is n6t>a resonant proéess) and at different temperaturés.' The angulér
.spréad_of the.ﬁeam was 5'.

llgSn,

' In'lafef‘work on & tin.single‘crystal‘éﬁriched to 88% in
Vbitovétskii,‘g£_§£3 (25)>fgund-véry large éollective effects. Near fesonance,
where Ifil;>‘fé,,the§bsorpti9n was substéntiallj:reduced.at the Bragg angle.
The velocity gbsorptiqn spectrum was sharply asymmetric, as expected, becaﬁse of
interféfénée between the (resonant) nﬁéiéar and (nonresonant) eleétronic scat-
tering.

Skljarevskii, et al. (26) studied the transmission of the lh.g-kev
Y ray of 57Fe.through a single cryétal of (unenriched) iron with 3% silicon.
These workéfs used a Ge crystal collimator to reduce the divergerice of the

incident beam to T". They studied the angular dependence of the transmitted

intensity near the Bragg angle GB for source velocities ("on" and "off"
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resonance), Ion(e).and Ioff(e); Both spectra showed pronounced Borrmann effects
at.GB. Their ratio, Ion(e)/Ioff(e)’_in which the qurmann effect is eliminated,
showed a large nuclear effeét; with the reéonant absofption’dropping from 23%

for 0 # eB'td.S%,fof 6 = 6.
Smirnov, Sklyarevskii, and Artem'ev (27) studied reflection of the
ST

14.L-keV y ray of ’'Fe for the case !fil >> fé, using a crystal of a-Fe,0

3
enriched to 85%‘in 57Fe; The liﬁe observed at the Bragg angie was asymmetrig
because .of interference between electrdnic and nuclear séattering, Tﬁe inten-
sity of the‘diffracted Y—ray beam alsd shqwea evidencé 6f an osciilatory depend-
ence on Dopplér:vélocity, which thevauthors also int¢rpreted to aﬁ'interference
effect. Smirndv, gﬁ_gi; (28)>aléq obsér?ed a broadened, non—Lore;tZian line in
Bragg reflection from this crystal, which tﬁey attributed to collective behavior.
Voitqveﬁskii, et al. (29)'stgdied tenth—or@er‘resongnt.Bragg scéttefing
of 23.8-keV Y rgys\from tin single crystals enriched in il?én. In this case
nuclear scattering was dominaﬁt (fi/fe = 150 and 50 for the two beam polari—

zations), and they were able to obtain a diffracted (directed) beam of pure

Mossbauer radiation.
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v THE.EVALUATldN OF ISOMER SHIFTS:.

.Kalvius (30) has given an uﬁ-to—date summary.of.thé interpretation of
isomer shifts. A'few éf thfvtopi§s hé'has tfeated are discussgd below.

Sdme-éommgn.pitfalls in determiﬁing isomer‘shifts (secoﬁd-order Doppler
'shifts,'uﬁreso;ved hypeffine struqture) areidescribed,‘and'iﬁ is,shéwﬁ tﬁat
A (fz ) (not Ar/fnor Ai<r2 5 /<r2 )) is £ﬁe;nucléar Quantity "measured" by
isd@er shifts? iﬁ ﬁhé”ﬁonreléfivistic limit. 3eiativity’changeé the exponent
in Avgr2 ) £0 & humber-legs than 2. Using_electroﬂic ane fﬁnétions obtained
by solving tbg‘Dirac EQuéfiqﬁ in p&int:huclegs approximatiop; one finds.that
A2 is‘fhe‘éppropri;te moment; with o = [1 - (Za)zjl/z, where 7 ié the
atomic ngﬁbef.éﬁd' a 'thé fing-structure consfaht: Kalvius argues that expan-
sion of the eie¢€ron'wéve-fﬁnctiontwithiﬁ a finite nuéléus‘in powers.of r/R,
wher¢ R is ﬁhg nuclear radius, ;eads to the térm A»<r2d' ), with 0 ; o' < 1.
Fo: 93Np-hefindsv201 = i;Bh,whil¢>2c'=-1.hT; As 9$ﬁp is an.ektreﬁé casg
(one of the héaviest eléménts), it féllows_that (r? } is a good approXimation'

in most cases.

. Another interesting'effect of relativity on isomer shifts is a_greét
.o ) \ .

i

increase for heavy élemehts in w2(0) of bound s electrons, when treated

v 4



relativistica;ly, ovér the honrelativistic‘result @2(0). The rela ivity factor
s'(z) ='w2(0)/¢2(0) ﬁés tabulated.(3l) earlierfv Its validity has been questioned,
vbut compdrisoh éfvelectronic wavefunctions.obtained By direct‘caiculations ﬁsing
the'Dira05Siater'and_Hartree-Fock—Slater methods (32) appeared to suppdrt the

use of 8'{Z). More recent work on . Np by Dunlap et al. (33), using SCF methods,

93
also 'indicat.e.~lthé,f the tabulated S'(z) is roughly correct (perhaps v 15% high).
These WOrkefé héve also,foﬁnd that nonrelativistic célculations giye the proper
trends in‘éleétron density with‘ﬁhe.re@bvél 6f vérious ﬁalence electrOns; but

that absolute vaiués‘of 4¢2(0) and S;(93) glA[éé(O)] may differ by as much as 50%.
At first this may ‘»seemfsurp?ising',' but a little reflection shows that is is
perhaps to be.ek?ected; The point is that relativistic énd ﬁohrelativistic
electron'configyrations in heavy elemehts are difficuit to gompare, because the
one-electron Qrbiﬁgls QO“not havg the same‘orbital symmeﬁry in the fwo.cases;

In the relati?istic case 4 1is not a good gquantum numbef. Thgs it is not sur-
prising that‘g fp" electron; for exgmple, shows different shielding effects in
relativigtic anq nonrelativistic calculations.

One further effect of relativity deserves comment. The small com-

ponent of a bound}pl/z-electron wave function is s-like: thus Wipl/e(o) is
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finite. In fact Kopfermann had estimated

2
S

sy

This ratié ﬁoﬁid bé>O.h6 for 93N§; In féct Duﬁlap gz;gisj(33) find from SCF
caléulatio§s £hat it is only aﬁéut Q;l. For 79hu Faltens (3h) héd noted an
even smalier rétio, as'expéétgd fér this somgwhgt lighﬁer element. Thus it
appears thatzﬁl/é elect?ons afe,léss iﬁportanf thén preVigusly be1ieved.
KalViuélhas.deCUSsed at sqﬁe length fhéireiétive‘meiits of tﬁo méfhods
for estimétinQVOne-electrontcontribuﬁioné tov¢2(0). The first,'and oldér,
method is derived from atomic speptroscopy, - It is based on the Fermi-Segre-
Géudsmit.fqrmulaf'gThevsééOnd'méthéd consisﬁs of-using_étoﬁié self-consistent
field calculgtions. -TheASCF approach is certainlyvpréferable for dgfermining
pfopertieg'Qf-éne-electron orbitais in atoms, and as SCF.proéfé@s havé.become_
easiiy accessibie,'this_méthod has almost compietei&>replécéd the FSG formula
for this puréqsé; In ﬂ8ssbauer_spectroscépy, however, the question of ﬁhether

SCF or FSG estimates are superior is really a fine point in comparison with

the'crudity‘of the approximation entailed when free-atom wave functions are
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used to describe solidfstat¢ phenomena.‘ Like many semiempirical appféaches?
the use?of opticéi data in’inﬁérbrefiﬁg Masébauer spectra may‘well giVevfésults

_ .: . | | | /
that arevqugntitgtivgly mp?e accurate than the SCF approach, simply because the
optical data gdntdin empiricél correctioné fof effect$ (e.g. configuration
mixing) that the,étomic SCF.Ca}Culétions.do‘#ot consider_éxplicitly. Thus the
"solid-state:fécﬁof",:Ds,.;ntroducéévbvaﬁfner'gnd co-workers (35,36) may have
empirical validity thaf wouid be difficult to repfodgce from free-atom SCF
theory, bﬁt'itsf;ntefpretatiqn in #erms of freé-atom Qne—eleétron orbitals
would be speéﬁlafive.

Kal#iu§ hé§ also-discussed briefly thé.éttempts tq imérove estimateé
of W?(O) by mblécular-orbitél.caldﬁlﬁtions. One new approach'has been given by
Inglesfieid (éf), who-considergd'the.pséudbpoteﬁtial moael for calculation of
band structure és a method tq_obtain W?(O)} He made é éualitative application (38)

119

to Sn and was able>to explain the relative isomer shifts in a-Sn, B-Sn, and

Mg,Sn. He found that changes.in the "free-electron" density and in the band
structure both affect wg(o), with the former dominating. The model could almost

explain the decrease of wg(o) in B-Sn on compression as arising from the band-

structure term. Unfortunately the free-electron term was too large and had the
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wrong sign (i.é;; an increase in'wz(o)).. The:bseudOpotgntial model shows
promise in explaining isomer shifts,vbut‘it is too early to teli how useful
it will be;

The finéi cOnclusiops given‘by Kalviué are rather discburagiﬁg. He

has estimated that the absolute calibrations of isomer shifts are 3till uncer-

tain by factors of v 3-5 even for 57Fe‘and ll9Sn', with A <r2 )= -15 + 10 fm“

119,

T Sn.

for ~'Fe and'A'<r2 )= 6 + 3 for

[}
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VI. NUCLEA3 PARAMETERS: = A (ré )
Iﬁvhis’fefiew.bn %somer shifts Kalvius-(30)vhas discussed'the problems
associated with extfacting;ﬁhe nuclear pgraméter.A (r%) from isbmef;shift
data. Thé.Pépérjinéludes_an édifed table of valuesrofbA <r2v) obtaiped from
59 Mossbauer reébhanées iniisoﬁopes ranging from hOK’to?hé}Amv. The feaderv
is referféd tb tﬁis féviewbahd ﬁable for an uﬁ—to-date diééuséion.of the
Ar®) parametér..»A few ofvthé.hiéhlighfs from this re&ie& and the 1970
literatgre are givén belqw.
Rothberé{ Guinar&aﬁanq_Béncéer-KQllér (39) have méde a novel contribution

119

to the>determina§ion of the nuclear factor for ﬁhe‘ Sn resonance. They studied
the temperature»dépendgnCe'df the iéoger.shiftﬂin S—Sn gnd relatedvit to the
temperature dep?ndence of* the Knight shift. The ?oéifion.of thé MBssbauer iine
at temperatu?é Ta’ written as S(Ta)g'waé given in»ﬁerms of the position at TT°K

as

' . 2 .
Ny = 3k 3k, 1 1
0(T,) = 8CTT) + 5 (17-Ty) + o 77 ~ 7))
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Herébthe seéond.ﬁnd third'tgrms Qescfibé the secoﬁd-order Dopplef gffect and
the third tgrm‘iﬁ;fhé integfand ?epresents the'voluﬁe expansion effect (q 'and:
B ére thé coeffigiénts.of_expansion and.cqmpressibility.rgspectively: the
'notation has‘bgenséhanggd f#qm‘thaﬁ in éef; (39));' After correcﬁion'for these

effects and;that‘of quadrupole splitting, the authors obtained the relation:

as. o .
(-—a--IT-.@-) 1. 23 x 10 (‘SR) (_w__(o_ .
AT Ty |

2,2 . , i . T o :
Comparlson of (-—JLiEL- from the known temperature dependence of the Knight

shift with this equation yielded a value

(@). +(1.8 +-0.4) xvlo'l‘ .

R
for "7 ”Sn. . This value compares very well with the new result

§_11 - +'( 1.81; +0.37) x 107 L

obtained by Emery and Perlman (40) from re-evaluation of their conversion-
electron daté._'Analysis of the temperature-dependence, rather than the isomer
shift itself, avoids a common objection.to the comparison of Knight-shift and

isomer-shift data, namely that the former measures wg(o) evaluated only at the
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Fermi enefgy yﬁiielthé lafter’éaﬁples w2(b) throﬁghout the band. Ih ttis caée
6nly>electrops‘n§ar the Fermi énergy can paftiéipate-ih fhg'témperature dépend_
ence of éifhef.éérameter.

Thé question of'pélariZétién_effeqtsj in which the nuclear charge dis-
tribution isgffédtgd»by the elegtroﬁic éharée_distr;butiop, is still not
settled. Fér.rotaﬁional nuclei Spgth (k1) reported a "linear polarization"
effect Vhic#,‘ﬁowever, Mang? Meyer,:Spefh, and Wild (hé) proved to be identical
to the usual“isoméf éhift,_within the self-consistentkcranking model. The effect
may -be regar&ed githefvag ;owering'of thé eﬁergies of the_protqnbstates through
Couiomb shieldiﬁg by gleétrons in fhé nucleus,'giving a -shift in the transition
energy from thévspin—l stéte té the (spiﬁ—zero) ground state in a rotétlonal
band of

AE(T + 0) = A —I—(l—*—l—) AV

2
%

Here 60' is the equilibrium moment of inertia, AV-is the perturbing potential,

and X 1is a strength parameter that goes to 1 at the end of the calculation.

The alternative approach is to calculate the energy‘shift accompanying a iinear
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change in the moment of inertia inéurréd by the additional poﬁential. This

result is

VL (I +1) A
o) s MG B

0. 0

Mang gﬁ_gir'shbwéd thet éAV:=‘—A6; thus demonstfating t#éequi#alence of these
two pictureé: .A si@plé_¢Xplaﬁation_of ﬁhis result_is £he'followiLg: if a
system of one—pdftiéle states i§ a defof@éd po?ehtialgvdbis #queéted fo an
gdditioh&l uniférm’potehtiéi\AVthat lowers ﬁhé eneféiéé of ﬁheisinéle'partiéle
states? fhe>sjstém will'acéommodate byvfurthef deformatidn‘of Vd.
‘-Kal#iué'(3bjhéésdiseﬁséed £he 8 <r?7? reéulté obtaingd te dgﬁe-iﬁ
rotational nué1éi, énd-theif.comparisog‘with tﬁéofy. He éoncludes thét the
agreement is‘rééso§ably good.
'vForIéﬁherica} nucléiithe sitﬁation.ié rathér-dismai; Agreemgﬁt betwé¢n I
experiment. and fheory ié sb@tty’aé best. However,:Kalviﬁs hasrpointeﬂ outba
_ very interestipg‘regularity.in A (r2 > for trapsiﬁidns‘betweeﬁ 2d5/2 and ;67/2,
proton states. At tﬁe beginning and end of'the'.lg,?‘/2 -.2d5/2 subshell?.the

difference | (??-) S22 | is a maximum, for 12l ana lgéEu, and

| 2d5 /5 lg, ), 51
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it drops to a minimum near the middle of the shell, in 12§Cs, as shown in

Fig. 2. Kalvius (43) has also pointed out a similar régularity—in the ruclear
moment rati@-for.thesé two states. - At presént there is no theoretical explana-

‘tion for thié remarkable regularity, although it fairly cries out for one.
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VII. oTHER.NUQLEAR PABAMETE&S‘

Inépéctioﬁ of a géw tablg of nuélear ﬁomenté (Eh) shows'thét MSssbauer
SPectrOSéopf'haébbeen useful in the measurement 6fﬂapproximatély 60vnuclear
magnétic dipble_mémeﬁts.énd 30‘eléctric qﬁadrupolevmomgnts. In.some cases.the
MBSéﬁauef valués havg_gui#e high precision, esPeciéliy'fbr casésvin whiéh moment
ratios are megsured. The technique has been ve?y valuable in clarifying thg
expefimentaléifﬁéﬁion-for rotational 2+'$téteé in even—éyen réfeéeartﬁ hu?lei;
The limitafions of Massbauér spéétfoscopy iﬁ moﬁenf stﬁ@iés ié.obvioﬁs.. The
gbod césés aré graduﬁilyvéxhadsted and experiméntérs ére restricﬁed to imp;OVing
the acéurééy7of'prev%éuslyrknbvn‘values.and extension to a few difficult nevr-
cases: Thevérééépt éiﬁuétion‘may-be‘deécribed-in_this wgy.

Two fwgll—estgblished" parameters have-béen feCenfly challénged.
Léjeune, gEfE;5 (h5)Ahave sﬁggeéted, on:thé basis of both linewidt@ and deleayed-

. : , : o 119

coincidence?sfﬁdies, that the lifetime of the 23.8-keV level in Snvis 23 nsec

rather than 18.4 nsec. D. P. Johnson (46) has remeasured the resonant cross
18 -

séction for'STFe, finding a value o = (2.56 = 0.05) x 10~ cm2, higher than

the previously accepted result. This impliesva conversion cdefficient of
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8.19 * 0.18, which is lower than most earlier values. There are difficulties

entailed in measuring both parameters (Tl/2 for l1.98n and © for 57Fe), and

this reviewer regards the true values of both as still being uncertain.

Ehnholm et al. (47) have used M3ssbauer spectroscopy in 197

Au to deter-

mine the ratio

2 =.Intensity of L = 1 character
~ Intensity of L =-0 character

B

2

]

in the first—fbrﬁid&en décaf of oriented 197Pt;ngcl¢i.‘ The apgular“momentum

(L =0 or l) ééfried off by the lepton s&stem affects the felétive éopulations
of the magnetic:substates in ﬁhe uppér (77 keV)‘lévelof the Mossbauer transi-
tion, -and thusvthé relativevintengities of fhe hyperfine components are alteredf

The same informatidn can be obtained through B-asymmétry studies or y-ray cir-

7 £ 1 for the high-

. ' 2
cular polarization measurements. These workers found R

energy B Dbranch in this decay.
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VIII. HYPERFINE ANOMALIES |
lf;thé magnetic hyperfine strﬁcture constants of -wo nuclear levels

1 and ay, are compared, their ratio is expected

to be essentially that of the respective nuclear g factors. When the hyperfine

interaction arises from Fermi contact interaction, however, this proportionality

may no longef hold, and a hypeffine anomaly lAE, given by the relation

e
12 _ 2
-l

- l s .

is séid tq é#i§t¢  The qrigin of this ef?ect»vés explained by'Bohf and ngsskopf
(48).

Inlé‘heaVy étomfthe densify we(r).of an electron in a bound s orbital-
decreases subétaﬁtially-bgtwgen the ceﬁter of the pucieué and the nuclear sur-

face. A_nucleon's magnetic g factor g may be partitioned~into spin and

" orbital contributions g and 8- The spin part interactS'ﬁith the electron spin

density at the instantaneous position of the nucleon, while the orbital part
interacts with the average spin density through the orbit. Thus 8 and g

experience different hyperfine magnetic fields in the contact interaction, and



.
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the average field sensed by gi varies depends on the nucleon distribution.
Both 8 and g, are subJect to smaller hyperfine fields in a real nicleus tha)
they would find if the nucleus were a poinf dipole. This fact is usually no:ed

by writing _
a =Ka9f(l +€)
where ao is the hyperfine constant that would be observed fdr a point nucleus.

The factor €  is related to -A by '

The hyperfine anomaly is usually small (of the order 10_2), but it can have
any value, including infinity (49).

The determination of a hyperfine anomaly usually requires four measure-

. ments, Both'gl and g5 must be measured in a uniform (usually external) field,

then a. and a, must be measured in a hyperfine field in which a coatact term is

1 2
present. If the fractional contribution of the contact term to al-and as is

known then the relative importance of 8 and gz‘in the nuclear state may be

determihed, and'conversely;-
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In Massbéuer speétra the ekpériﬁenﬁal réquirements;aré a litﬁle.dif—
férenﬁ. Deﬁe}ﬁinétidn of thé»anomgly between the excitéd>and ground st ites
of a resonanf transitiohvreéuires #he measu#ement of.dnly two spectra, jecause
1A2.depends 6nly'oﬁ the féﬁios ge/al ahd.ge/gl; Thus Crecelius and Hiifner (5@)

found an anomaly of 0.81% between the excited and ground state.moments’ih the

22-keV transition in lleu by comparing hyperfine speectra in Eu3+ and'Eh2+

" absorbers. In Eu>' (hf6; TFO) the hypeﬁfine megnetic field is almost entirely

' e o " O - O+
orbital in character, arising from admixtures of ‘higher states, while in Eu2

(th; SS) the field has contact character. The difference between the distri-
butions of thé'éoptact,and orbtial hyperfine fields within the nucleus was suf-

ficient to produce'the bbserved-anomaly.

Perlow and co-workers (51) found a large anocmaly in the -931r resonance.

 Additional measurements were made by Wagner and Zahn (52). Perlow (53) has

given a detailed discussion of hyperfine anomalies}'espedially as applied to

the l93Ir case. v . ' ' : -

193

AR

The resonance transition in Ir connects an excited 1/2+ state to the

3/2+ ground state. While the nuclear structure of the 1/2+ state is not well
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.established,'iﬁ ig probable that thg anomaly is mostly‘attfibutable to the 3/2+
state. The réason_for this is simple. In any.odd—proton state .with j = £ - 1/2
(91/2’ d3/2, f5/2A...) the spig and orbital contributions to-the magnetic moment
may.gach‘fér exqéed the value of the'momént itself. Thus the effects of dis-
‘tfibuted nucleér_magnetism are exaggerafed; In the limiting case the resulting
anomaly ¢ould.bé infiﬁite (i.e},:forg.=v0 Eut a # 0) (49). In the 3/2+ proton
states‘studiéd thus far in‘Ir and Au isotopes,‘the observed anomaiies are in the
5—10% ranée (53);' Whileythe sign and'appfoxiﬁate,magnitﬁdesfof the'anomalies
involving theéé 3/2+ states may be understood as indicaféd above, in térms of
the propertieéof a'd3/2 proton state, éuantitativé agreement is not so easily
attained. Iﬁ fact Perlow has shown (53) that foﬁr nuéleaf models all predict
193

anomalies for Ir that are much larger than that observed.

e

The l93Ir anomaly yielded a very interesting result. By.analyzing.three
spectra, in an external field, IrF6, and IrFe, Perlow et al. (51) obtained not
only the anomaly itself but also the fractional orbital contribution to the

hyperfihe field at the Ir site in an IrFe alloy. They resolved the hyperfine

field of -1395 + 16 kOe into an orbital contribution of +335 * 200 kOe and a
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contact term ;f.;1730 + 2OQ kOe. Fox and Sfone (54) fqﬁnd a similar result |
for Au in an Aﬁ_gé alloy; with thg orbital coptribution in that csse being
+270 kOé, Pfesﬁmably‘this orbital field'grises froﬁ unpaired d-eléctrons at
the Ir or Au.siﬁesvin these alloys. .Since these sites nomiﬁally havé cubic
symmetry, an orbital_contributiop is uqéxpected-(it may arise £hrough spin-
orbit couplipg_in.these heévy eiements). Clearly hyperfipe anomalies have
yielded informaﬁién.in these casgsvthat'will be valuable in elﬁcidating the

origins of hyperfihe fields.
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IX.  ZERO-POINT SPIN DEVIATIONS
Spinfwave‘théories (55,56) of antiferromagnetism predict a deviation
from perfeéf_gpin'aligﬁment{ ﬁithin éach sublaﬁtiée? in the.completely 6r§ered
state.  As T %'OIthis‘effect‘shdﬁld Ee ﬁaﬁifest as a’zerq-point spin de&iation

AO given by
SZ =85 - AO. s

where S is the effective Sbin:ahd Sz‘is the average z,'éomponent at T = 0.
Anderson (SS)Igavé the values AO =‘QQ197'for a two—dimenéional'(quadratic
layer) latticé and AO = 6.076 for‘ércubic (Nééi-type) iéttice. Early attempts
to observe Ao:in-Mn2+ EOmpounds met'with'difficulties'bééause_of hyperfine
interactions from neighboring Mn®t ions (57). In 1970? however, three groups
reporfed the oﬁgervation of AO.

6no,.g£_§£. (58) studied the hyperfine splittingrof 5Tre in K Fe(CN)g.
They cooled thi; salt as low as Q.OlS°K by adiaﬁatic demagnetization (ﬁhe Néel

point is 0.129°K). . The effective spin oane3+ is 1/2 for this case, the crystal

structure is monoclinic, aend the spin structure is unknown. The hyperfine
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structure tensdf is aniso#ropic,'ahdvﬁhis introduces sqme_pncértainty into;tbé
interpre@gtion.‘bHowéver?ano,'gz_gi..fquhg a deviatidn‘in‘fhe Hyperfine field
of either (i?.i”t'3)%'or (18.5_1 3)%; 'This:compares wéll.w;th the vaiuev;5.6%
given by'Aﬁdgrsqﬁ'é model f@f the cubic 1attiée'with s =1/2.

- ﬁ; W.'dé'ﬁijn, gﬁ;gi;’(sg)vstudied.the tempefaturé dependences of sub=
lattice magnéﬁiZatiéﬁ gﬁ #hevéuédratic layer anﬁiferromégneté.KéMnEh and
K2NiFh by follqﬁing thé fémperatureidependeﬁée of the NMR.freguencyvof out-of-
layer l9F nucléi; Theyvmade detaile@ ahalysés 6f’théée data and derived a
value A, = O;éOJiJO.O3 for the K2NiFu case (S8 =1 f?r‘N12+);_'This compar§s
very well with.ﬁhe abOVé spinéwave vaiﬁe of 0;1975 thése author; calculated
a spin wavé falue éf b.i8; ﬁhi§h‘iﬁclu§es anisqtropy.effécts.

wagnér:gi.ﬂit (éo)létudied the'1931r MSSsbauér.reéonance in-(NHh)2IrCl6
down to O.Qhékvin a dilﬁﬁion refrige?atof (Tﬁ'= 2.166K). ‘This compound is
cubic, and S"= i/2 forrIrh+. Theyufound‘Ao = (18 1)%, ip good agreement with
the resu1£ of 8#0 g&_gi. (58) for K.Fe(CN)g. -

These'three investigations demonstrate the existence of zero-point

spin deviation. . They suggest that AO has the dependence on sublattice
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dimensionality that is expected theoretically (i.e. AO &_0.2 for the two-
dimensionsal case ahd-AO Y O.l'for the three-dimensional sublattices). Aétually
A is expected to be of order of magnitude 1/2%Z, where 2 is the number of

0

nearest neighbors (55).
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X. MOSSBAUER STUDIES OF HEAVY TRANSITION METAL COMPLEXES
Kaindl, gﬁ!gi. (61) summarized the systematic Qariations of isomer

shifts with oxidation state in the 4d transition-series elément Ru and the 5d

l93Ir, and l8-9Os>were_stu(-lied. Manyr

99

elements Ir .and Os. Resonances in 7 Ru,

of the shiftg in-99Ru have been feported elsewhere (62—6#), as.weré those in
193Ir'(65,66);: Thé_isémer éhifts for.these thfeeveieméﬁfs were di;éussed by
Kaiﬁdl gﬁﬂg&{'(Gl) £oééther with'shifts,in 57Fe compounds; They considered-first
the compounds inIWhichvthé transition metéi atom has ﬁihnoéenf" ligands such as

halides, H2

b, OH™, 05'02_7 Fbr-theSe cases the shifts c1u§téred together
accbrding £6:fhévOXidatioh‘sfafe-of fhé-franéiﬁion;metal.atom; In all fogr
elements the:eiéétron'deﬁsity at thé nuéieus inéreasé$4m0hotonically with oxi-
dation.state, bééause of deéreésed shielding of the :s electrons as d elec-
trons‘are lost.

Iﬁ éOmpiexes involving CN™ and'NO+-ligénds (e.g. M(CN)E_), the transi-
tion element isomer shifts fell at positions corresponding to anomelously high

electron densities. This effect was attributed to "back-bonding" of the dxy’

dyz’ and dz#'eléctron orbitals with empty ™ ligand orbitals. The 4 electron
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population isvdecfeased thereby,ignd the s electron.dénsity gt ﬁhe nucleus
" is enhanced by the_decfeééed d shieldiﬁgf
Uﬁtil'i9761no éystematig étudy of Au coﬁpounds by‘MBSSbauer had been
reported in defaii.; Three papers (67-69) on tpis topic appeared in 1970.
Neﬁt?ai_gqld has‘a full 4 :sheli, but gold is usually #égarded as a
transition_metél iﬁ ifs édmple#es. The Mdssbauer sPectroscépy of gold, however,

is markedly’different from that of thevﬁfansition metals cited above. - There

and Au(III) (5a°). The iso-

' 10)

are only two co@mon oxidatioh sﬁates, AQ(I) (54
mer shift witﬁin each oxidgtion state.vaiies overba ﬁi@e range, with almost
completé overlab BetWeeﬁ the Au(I) ahq Au(III) groups. The same is true of
the quadrupoléﬂéplitting.‘ The isomer shifts and quadrupole Splittingsvshow a
strong corrg}gtiqn within each oxidation state, as showﬁ in Fig. 3. The isof
mer shift valﬁes fall in fhe order of the ligandslin the spectroghemicgl
series (67,68)5  In a semiquantitéﬁive way the isomef éhifts and.qugdrupole'
splittings, and their correlations, can be understood on the basis of sp
bonding in the linear Au(I) compounds and d5p2 bonding.superimposed on a .

8

a( -2

4”5 ) ionic core in the AuIlI compounds. Attempts to fit the results
Xy '



QuantitatiVEii ﬁithfaﬁéﬁicncbnstﬁnfs w¢re,notVsuccessfui; ﬁbﬁg&ef-(69);,§an .

it seems clearﬂtﬁﬁt»a moré-sophi§ti¢a£éd thepfétiqal treatment will*be reduirédé’ :




b
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. XI. IRON IN HEMOGLOBIN

" Lang gﬁ;gé. (70) succeeded in magnetically diluting a sample of hemin.

They observed magneticbhyperfine'Structure; and found that hemin is magnetically

similar to high-spin heme proteins.

Eicher and Trautwein (71) have studied the electronic structure of

Fe2 in hemoglobin. They analyzed their earlier quadrupole-splitting data (72)

‘to calculate and predict the temberature—dependence of the magnetic suscepsi-

bility. Trauﬁwein, Eicher, and Mayer (735 studied thé‘spectrum of ferrous ion

in anhydrohemoglobin."They interpreted the spectrum as arising from two super-

imposed quadrupole-split spectra, corresponding to a high-spin (S = 2) Feot

and a‘low spin (Sn= 0) Fe2+. Compafison with the spgctra éf 57Fe2+ in hemo-
globin and mygglobin led them t§ conclude that when hemoglobin loses wate? to
form anhydrohemoglobin the high—séih Fe2+‘in the d chain is unaffectéd, but that
the B—chain Fe?+ éoes to the loﬁ—spin state. Théy suggésted that.fhié\chaﬁge
accompanies thevcoordination of a sixth nitrogen atom, belonging to the distal
histidine, to F¢2+. Trgutwein, éE.El: (T4) took Mossbauer gpectra of rat hemo-

5T

globih enriched in vivo in “'Fe. They inferred . the low-energy term schemes of
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re?t in deoxyhemoglobin(hb), oxyhemoglobin(nb0,), and carbonylhemoglobin(hbCo).

They concluded that the lAl'ground.state of hbCO lies lower:in energy than

or the °B ground state of hb, in agreement

eithef the T ‘gfouhd state of’th2 5

with the known equilibrium behavior of hb with CO and_02.’
Trautwein and Schretzmenn (75) postulated, on the basis of Mdssbauer

spectra of'ifon_in hb and hbo,, a double bond between the heme iron and 0, in

hbo 7They_suggested that the elecfronic excitation is restricted to the oxygen.

o
In the_criffiﬁp}o;ient#tiog of,oz'they postulaté a v;n* trapsiiion and in the
Pauliné orieﬂté£ion'an n—n*vtransition. InAeither case the femaining filled m
or n. orbita;véan combine wiﬁh the singly popu;ated Fe (ézé)JOrbifal in é -
bond, and a: n  bond is for@éd betweeﬁ phe s;ngly ocgupiéd dyz.or 4 , orbital
and the singl&ﬁPOPulated ﬁ* érﬁital qf 02. The formation of a Qouble bond is
facilitated by-a 3E iﬁtermediaté (s =bl) spin state of Fe?+; Trautwein and
Schretzmann éuégééted fhgt thié ﬁay.be the-key to the reversibiiity'of the

reaction

e .
hb + 0, T hbO, .
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 XII. OTHER TOPICS

'Many-véry.goéd Paﬁéié‘in Mgssbauef sp?cﬁroécopy gppeared in 1970. A
small fréétidh.of‘theée ﬁefe QiscuSséd‘above’in éonnectibn with topics that
. the reﬁiewer7féif Vere 6f gehgfal iﬁtérest. A,fewkothers‘are mentioned briefly
below.‘

Thé §ffed£s gf:parfiélexsiie oﬁﬁMBssbauér_spectra_héve.been studied

iﬁ.severalvways;i Aﬁogg thése?ﬁFabritchnyi'gﬁ_gif'k76) reported surface effects
‘ associated‘with}fﬁermal anﬁealing of aQ and B~s£ghnic.acid. Large changes in
(x2) were dbsérvéd, eSpeciaily fo; the o form; when fhe_particle diameter
was less than 25 Aw For pa;ticles bf_larger diamefers, (x2.) did not increase
fﬁrther ﬁith’érystal size.',Afanaé'évigi‘gi, (77)'stgdieq_éuperparamagnetism
in ferromagnéfic.particles_of FeNi;allojs (37%.Nij through their 57Fé’absorptiori
spectra. Théy_?elated the fluctuafion time  T of an entire particle to the
magnetic anisoﬁropy eﬁergy per unit volume, K, by T = Toexp(KV/T); As the
particle size was increased from d = 120'A, KV appeared to increase, decrease,

and increase again. Afanes'ev gﬁ_gl: explained this behavior in terms of the

transition from homogeneous magnetization in small particles to domain structure
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ih lérger-parﬁiéiés; Rupfip (78) has.madé a théoreticai study of the recoilless
fractién‘ f iﬁ miérochétals, using:a latticé—dynamical model. ”He found that

f increases with ihcreasiﬁg stiffhess of biﬁding to the:éﬁ?rounding medium.

He also diécu§§§d the failgré of‘thé Débye approximation‘tb predié#. f  for
microcrystais;'fSéhroeer, et al. (79) studied the isomér:shift in,goid micro-
‘crystals ahd éﬁoﬁedfthét‘it isjcorreléfed~wi£h the lattige c6ntractions in.
these mi¢ro9r¥§ta1é.

A.larée nubber of‘@eféls and élloy Sysféms have beénsﬁudied; Dunlap_'
gﬁ_gi.r(BQ) found‘two qﬁadrubolé'speqtra,'which thej attfibuted.ﬁo inequivglent.-
sites, in d—Nﬁ.u‘Hirét énd.Séidél (81) studié&blocal moments of Er_in,Zr,:qnd
found that the.hyperfine constént-A?of:Er isviS% larger than that of Er3T in
insulators.. Thig.important resplt, which they attribuﬁed toiconduction'éléctrén
. polaiization;at the impurity, ayaits quantifative explanation.' Hirst (82)»gave
a very good concise diScussién"of’?elaxation theofigs in a paper on thé Efgz_
systgm.'

Small variations of isomer shifts with composition were-observed in

SnSb solid soiutions by Ruby et al. (83) and in MnSn alloys with the B-Mn
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structure by'Kimball-énd Sill.(Sh)%  Th¢re are ﬁo& maﬁy ekamples of such an-
insehsiﬁifify-éf”isomer shift:tp compositioﬁ in allo&véjstemé. Tpéy‘suggeét

an "eleétfonéuﬁfaiity" éfipcipie which has yeﬁ'fo be quahtitafively-formulated
in tefﬁs of:éhielaiﬁg.concépts.t Patterson et al. (85) madé.a.study of severél
Au-Mp ihtefﬁéfdlliéjcompoundé.. Aﬁong'their many.results'wés the.ébservation of
a»T%;ipcréése*;n'the'hyperfige~field at Au in AuzMn.as:thévpréssure was raised
to 46 kbgrs.'uThgy suggested:thaﬁ-this mﬁ&.grise_ffom unc§iling of the Mn spin
ﬁelix; Tfﬁmpy éﬁ_é;: (86)'Studied;co@pouhds and_solid éolﬁtions of Fg_and Sn

Fe and 17

by"MﬁgSBauéf_séeétrésebpy o;lﬂoth.ST én; They wefe ablé to'fglafé
hyperfihe fiéldéﬁtb ébofdinatioﬁ humbér and isoﬁef shifﬁs to bond’numbef,-bﬁt
found th(Fe) ?éfher insensiti#e to thé dég?ge of édnduction—éiectrdﬁ polari-
zatiqn,. Neither‘Hﬁf(Fe) hdr th(Sn) was generally.pfoportiOnal to the maghetic
moment .

Wertheim et al. (87) studied an anomaly in thé centroid shift of thg
57F§ reéonénce in-Fe—dobed V203 near the.high—temperéture (575°K) mefal-insulafor

transition. Comparison of these results with those for iron in Cf—doped-V203

led them to infer that the anomaly represented a gradual return from the metallic
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5T

to the insulating state. Khimich,'gz_gég (88) found very complicated °'Fe Spécfrgf

in hexagonal ferrites of the M :stfucture} They ihterpreted these spectra in

terms of four §1st1nct sublatticggllp BaFel2019'apd Srcoo.h2T10.h2Fell.l6019"

Lagunov, gﬁ;giﬁ (89)“studied-quadrupole1bfoadeﬁing of'the'57Fe line in Cu,

usingva 57CoCu130urée,.as a function of the temperature of tempering after

5T

deformation. The.lihe width showed a mgximum near 150°C. Presumably the “'Co

afoms go to Q¢fécﬁs; but éboié:l§O§C‘témpéfing ié.effeétive in_removing défects.
De'Baffogé'gg_gi,v(90) stgdied the SPééfrﬁm of ETCO is diamond. The
source wgs prebafgd by ion imﬁlénpgtion. Two equal—ihtenéity‘peaks were found,
showiné thét ¢§ afoms.go inf§ interstitiél~poéitions; Tﬂe effect was_small,
as'expected,:alﬁﬁéugh dig@énd hasg a &giy high DebYe température. Bégum (9i)

searched for'iéotope effects in iron. He compared the temperature shifts of

56

>T

5The in.a >'Fe lattice with that of >'Fe in a

Fe lattice, finding

o ) | ) . _15

If one naively consideres only the Debye temperature of the host, an effect of

5

L.2 x 10 EY-would be expected. However, the correct effective Debye temperature
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ig given hy

- Most 1/2 _,
(M.___..‘Zi_) v

B ... =6
’ impurity

eff - “host

and no net effect-should be observed. Isaak and Longworth (92) seafched for

57 54 56

variations in the Fe-hyperfine:fields iﬁ host lattices of ©~ Fe, “"PFe, and

57Fe, The fields were all'found“to be the same to within 3 parﬁs.in th.
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TABLE 1. MSssbauer—Photoeffect Interferences. Summary of Results

Nucleus Ey,keV - Multipolarity gg(expt) eg(theo) Ref

. 13gy B B 0.022(5)%  0.029 10
Y6 - 85 .. . ®m 0.05(1)  0.035 10

105.3 . m 0.035(10) 0.026 10

W 56 E 0.07(1) 0.067° 10
256 EL . 0.0181)  0.077° 9

5.6 ®m® 0.102(15)  0.108 9

s B 0.06(1) 0.05 10

Blyg 6.25 ~ El . 0,30(1) 10.31 8

C 9% 238 owm ) , | 12

®Frrors in last place given parehthetically.
Prvo different estimates. See Refs. (9) and (10).

. . . o .
Conversion electrons observed.

)
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FIGURE CAPiiONS
Fig. 1. Resoﬁénﬁ_éSsdrption—photoeffect'interference in 181Ta, using a W
metal sourge.and a‘Ta metal absorBerf The theoretic;l curve ﬁas fitﬁed
toithé dataylgiving 2Eu= d.3lii O;Ol:(G{Kaindlland D; Salomoﬁ;_private
communicgtiqﬁ); The level scheﬁe'on tbe left illustrates phe two inter-
feringbproceSSes that form.the.statev(GeS Vith the nucleus in the ground
stgte'G gnd the electron ¢onfigﬁration iﬁ an excited hole state e.

o i 2y .2 2
Fig. 2. Variation of A (r°) = (r (ds/g)_?_— (r (87/2) ) fo? MSssbauer

nuclei invthe 2@5/2

- ig7/2 prqﬁop sﬁbshéli. Kal&ius has pdinted out the‘
,symmetry in A (rg ) fdf p§fticle_stétes“iﬁ puclei of atomic number Z and
hole stgtes.in pucléi affgtomic nngbér Gﬁ-z (open cirgles).;

| ‘Fig. 3. ngdiﬁpsle splitting-isdﬁer shift'correiatioﬁ:?iot for gold cémpounds,
from data ih ﬁef;. (6'_7_69).' ‘('.-: auric cOmpoupds, O= agroug compou‘nds). -
Onlyvthe.mégﬁitude of the quadrupole s#littings were measgred.v In ?lotting
the data, We have assigned signs to fhé quadrupole ép;ittings in severél ap;ic
compounds . In fact the aurous compounds are believed to have.e2qQ < 0,

while moSt_df the aurie compounds should have e2qQ > 0, on thé basis of sp

and dsp2 bonding, respectivély.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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