e .

Snt




dyulk 3a prawach rgkopism

PROCEEDINGS
ormmrﬁssmmcomwmmrm

8 ~ 10 Cotober 19856, Cracow

25 years of MBgabausr Spectroscopy in Poland

Bditors: D.S5. Exlgawosuk, K. Busbsnbausr

iNP""' Al:l PS .

Cracow, Jammry 1987



WYDAND NAKLADEM
INSTYTUTY FIZYKI JADRDWES W KRAKOWIE
UL, RADZIKOWSKIEGD 152
NA PRAWACH REKOPISU

Kopig kserogrsficzny, druk i oprawg wykonsne w IFJ Krakéw

Wydeniel Zam. 53/87 Nakiad 100 egz.



EDITORIAL
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Nuclear Physios in Cracow from Oct. 8th till Oot, 10th, 1986
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manuscoripts received before Deo. 3fst, 1986 have besn included.
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INTRODUCT TON

K.Rusbenbauer
Institute of Nuclear Fhysics
Cracown, Polend

Pelish iliesbauer Community iLieetings werc organized by the In-
stltute of Nuclear Physics in Cracow since oarly soventies :os-
tly due to the efforts of Dr. D.S.RKulgasczuk, Thoy serc aized
at gothering of the majority of domestie workers in vhe field
in order to sxchange information about the lavest sclexntific
znd %echnologlcal achievgmenta and to esbablish info- .81 tie:n: .
ﬁetween different groups scatiercd acroés this counsmre st pre=-
rioun iieeting has been held at [logilany near Cracow in Jefolsor
1981,

This Loeting was held in the Institute of liucleazr iiric:zs
froew Oct. 8th till Oct. 10th, 1986, It “as ou JOmeLNL2Y pars el
lar locting as it coinclided with the 25=th anniverzary 277 Jhe
arplicatiaon of .lYsstauer speciioscopy in Poland, llereloru,, a
syecial sesgion reviewing achlevenenbs zne devoelcpoont of 702
major ;roups has been organinmed., The leeting zatherad zuodi
80 participants frox 23 acientific cssanlishaonin, I3 s 59
bhe notved, that at present ebout 10 grours soe pursuing z2uiva
experinental inwestigationé by nmcans of .8asbauez zpsairacaony
in this country.

A Steering Domestic Comnittoe of the Foiish ..Bssbauer Con-

munity has been foraed during this leeting, Its xzin aics soe
as followss

to pursuc some kind of lobbying and edvicing nostly concerued



with the design of nov equipment offered by domestic commercial
compenies, to advice and help newly formed groups, to coordina-
te expensive and sophisticated exporimentz, to exchange infor-

° mation between groups fuestly sofvware/ and last but not loast
40 be o domestie representative of our Commmity to the ICALE,
The Comnmitéee is open te all individuals intercsted in the
rentionod above activity and especially invites group leadsrs

to cooperate with. The follouins‘beople are¢ the xezoers of the
Comnittee at present: .
Dr. L.Dobrzyhiski /Blaiystok/, Prof. R.Arop /Cracown/, Dre T.Za-
nok /datowice - induutriel relationchips/; Dre H.Ruebenbouer )
ZCracow ~ software development and exchenge, chairnun/, Drs JuBu-
walski /Uarsaw - EUss?auer sourees, espocially shori-living/,

irs d,5zlante /Radom - high-temﬁorature equipmont/, Dr. l,Szusz-
tiewiez Viroclaw = cryogenic equipmeni/, Dr. W,3ych filarzaw -
suveetronaters/, The Comnittee esks Lo contac’ siemberc respone
sible for particuler topics 1n all xetters concerned with a
Ziven vtopie. As far as the software. is concoerned we woni to '
make » complete 1list of available items and tharofore 21l peo-
sla ié&rested in exchenzge are kindly reguested to send a shocg,
wut eomprehensive deseription te Dre X,Ruebertousr }Izs%itu§e
of HWuclear Fuysics, Crecow/. Those interested fn L:0SELIB im-
plezacntation should make a conbtzeb as megtioned abovo.

Fexi lMeetinz 1s to be organized by Dr. W.Zyeh ab Jarsaw
Techpicel University in Sept. 1988 in cooperation with the
whols Warsaw LUesbauer Comsunity.

Pinally, I would 1ike to thank =1l the people and esteblish-
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oents who oontributed to the organization of the lseting, i.o.
the Board of Dircetors of the Institute of Huclear Physics for
a finoncial assistance and continous interest, ir. /. Nowicki .
and his staff for their technical help, Dr. Z.Ptak, ;. WeZede
narz and their steff for printipg all the necessary materials,
ilrs, C.Szklarz for her secretarial work ané last bus not least
ny colleagues from the Orgarizing Commiiiece, i.os Dry DuS,HMul-—-
gavcezuk vhe did most of the srzanizatioral worit, 'z. Belliczke

and !fr, B.Sepiol.

Cracow, Jan, 5th, 1987, /
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EEGTRNINGS OF THE MOSSBAUTR INVESTIGATION IN POLAXD
~ MOSSDBAUER SPECTROSCOPY TN THE INSTITUTE OF NUCLEAR
PHYSICS IN CRACOW

D.5. Kalgawosuk .
Inatituts of Naoolear Fhaysics in Cracow
Poland, 31=342 Cracow, Radsikowsikiogo 152,

In memory of Prof. II. Niswodniceajiski
~ first Directer of tho Institutec of
Nuclear Fhywics and Mr D. Keller -
first head of mecimanical work-shop
stalf of that Mwtitute.

It wae 2% yoars ago. In the middle of 1961, three physicisi:s,
dr A.Z. Hrynklewiecz /from the Institute of Wuclear Miysics and
the Inastituta of Thysics of Jagiellonian University/, D.5. Xul-
gawczuk /from INP/ and H. lizurej /from IDMJU/ had an idea to
construct an apparatus for .as investigation of nuelear fluorc-
scence of gamma rays, tie new phenomonon discovered by N.L. MBas-
bauver in 1959. For this /known at that timeo as the MBsabaucr
effect/ he was awvarded the Nobel Prize at the end of that yoar.

Our plans wers interssting but we roally did net kpow how
ta atart. The Mbishauer literaturs at that time wna vory scarce,
mostly short papers in Phys. Lettors.

Our main problom was how to prepare the source with nono-
energotic line of t&4.41 keV of 57?; and how to wove this source
relative to the absorber or wice versa. -

e of us /D.S.K./ proposed a apecial cam- sasy to make on
s turnig-latho. It conslieted of two halves of left and right
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scrow twirl. Such a cam as well as ths rest of tha sschanieal
skeleton of this apparatus was made by sechapical work-shop atarf
in our Institute /Flg.1/.

Fig. 1. The cam for changing the rotativo movenont
on two-directions linear movoment /from {11/.

The first Mossbauer source by direct activation of atainless
thin foil wvas made in cycletron of INP in Cracow. From the acti-
vation by deuterons with about 7 MoV energy and after muclear
roaction,

5‘9;‘(‘1,: )5™co % 570,

we recelved radicactive 57'Co, but infortumatoly in a mametic

mtrix. /Six line Midssbaucr pattarn with 3dtninless  atoel abaor-
ber/. Demagnetization of such s source was achisved by haating
/in quartz tube/ and pext by rapidly cooling it. After that a
single monoenavgetic of th.h1 keV line of‘ 57?9 was soen. Qurs
was not a very good source, but at that tipe in Poland it waas

a sucoess. At that tims a young student J, Bara Jelned our amail
group and he calihrated the apparatue sa his diploma work.



The schoas of this nsw mechanical apparantus can be seon in
Pig. 2. '

Ayl
S
W I So~ H L=
Amgiifier i Puise
% Sc+ L+ genwrator
anaigzer

Sculers

Pig. 2. The schommtic view of the nawv apparatus
Strom [11/.

Cenerally, the cperation of this apparatus was the follawimg.
Camma rays from the source S passcd the absorbor 'i and then were:
detocted by scintillation oounter (with | om thick WJ Ti) erystat.
Pulses from the detoctor due to gammn Migsbauer line after pre-
amplifier and azplifier ware selected by a single chammel ana-
1yzer and registred by scalera s+ and S . At tiw same time a seo-
cond pair of acalers /‘L+ and L / counted tha standard pulses
/from pulse generator/ for the pulse time enlibrator. All scalers
rere operated by, a controlling devioe for positive and nogative
relative valocities of the source-absorber. T should like to o-dd
now that later we used three pairs of scalers-third pair for leng
timo measurcments as a normalization.

In the years 1961-1968 /in 1968 IND hought modoim !.S. with
4500- multichanmel Interteclmique analyzer/ wo had only that 9ss~
bauser apparatus to use. L ..

It 1is wvorth neoting that the first Report referring to our
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now apparatus appeai-od in Decombor 196t [I] » Sce Plg. 3.

POLBRA AKADIMIA RAUNX
NSTYTUT BRIV JADROWE. W KRANDRE

POLIAMN ACADEMY OF SCEENCES
SSTITUTE OF MUCLEAR BHTECS
CRACOW

APERRATUS FOR THE INVESTIGATION
OF THE MOSSBALER SPECTRA
AT ROOM TEMPERATURE

. B, &, B, Sngpianiey, B, 3 Exdgiommis, B, llgws)

CRACON
Bt 4
Anguin Bu A

Fig. 3. The firat report /from [1]/.

The first leocture on the 0ssbauer inveatigatiom by i.Z.
Irynkiewlez and D.S. Kulgawesuk was given hy oyself at nubna
M3sabauer Conf. /19G62/. The paper prescented preliminary rosults

of M8ssbaucr moasurgments in sidoriio /roco /. leopidocrocite
/&-FGOOH/, goethito /o{~-Fa0oit/, and two othera iron eompoustds
(=1

Just after the conference N, 5.X, wmade a new ard moro rmodern
Mdssbauar source 5’00/Pt/ Ty direct current<heating of thin pla-
tinum foll with a drop of 57CoCl solution. This ploncerirs method
Jat that time,/ for M8sshauor source preparation is 1llustrated
in Fig. &. )

That snew and ctich botter sourco wmade serious Mssbauar inve-
atigationa possiblo. lonocnergetic game-a line of th.ht ke? of
57fe with ‘;f“ about 105 and 2/7=0.54 mm/s wos published by J.Drra,
A.2. Hrymkiowlez and J. Strosski [3]/.
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thin B I9il sith the

/_ craporased drop of 7720.’: .
solution

Yac uun

b
Flg. 4. Current heating for the dsshauer source preparation

Then D.S5.K. could more nccurately repoat Mdssbouyer s gtudy in
lepidoorocita and goethite at room temperature. imfortunvtely at
that time we oould calculate thoe M3ssbauer spoctra by & ™by haned”
mothod only. The time necded for those calculations wns much
longor as comparetd with modern computer techninguca just now.

In lepidocrocite only a doublet of quadrupole Intsoraction
appoeareod but in goathito(so complicated that at firat oy coovort-
ers sald i1t had fo be a nista.ke)-u double Zeoman Splitting s

found.

All the same these moasurenents wore published as Nepo:t
INP /May 1963/ and Acta Phys. Polom. /19637 [4], see Fig. =.
Today we knovw that in soma samples of goothito /as well in ouisn
froo Poland/ a continuum of intormal magnetic ficlds oxistz: Tary
nt that time and with that method it could not have Leon calon.
lated.

In 1967 in cooperation with Dr J. Kubisz from the Acadony
of Mining and Metallurgy in Cracow the Mdssbauer moasurcoents
at room temperature Weres porformad in iron sulphuatos of the Yz:io-
sitc group /eix samplas/ and published [5]. Also in 1963 in coo-
poration with Dr 7. TeZaj from Central Rescarch Institute Cov
Physics in PBudepost /itmgary/ tho M¥asbauer spectra moagured at
room tompgraturc wore porformed in CoFo,0y, [6] .

Tho measurements of thoe {dssbauer apectra wmade at rooo teb-
poratures only were not sufficient, so I declded to measure the
H@ssbauor spectra in goethite vs. temporature. Tothis alp /M. 7 K7

. Dz tvaon "max and “min
1



#ies Byjjuna angopay

oy

5

hd

b./

in gosthite /b/ taken at room temperature

Fig. 9. Mdssbauer npsctra in lepidocrocite /m/ and
/from [h]-’.
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a simpla dewar /for wz temporature/ and also a »imple furnace
fithout vacuus/ vers mde, sse Flig, §.

Plg. 6. A simple dewar for l..!s'_2 terporature mocsurenernts
Jleft/ and a simple furnace with morcury cont.ect
thermometor oporated in fitp-flop mode /right;/,
[trem [10)/.

Thia additional egquipment simple and easy to operote has
worked up to now Jtemperaturo measurements with accuracy 2 o.5
deg. /-

The Mdasbauer measursmonts vas, temporature of hp‘f structuro in
natural goethite /from Polapﬂ/ from 121‘2 up to aboat 500 K have
been performed. Those measurements were murderous, becauso twolve
apactra /about 48 h of nonstop for each ono/ woro nooded, which
inveolved practically no sicep for all that tima, and X still
roemombsr 1t.

Aftor the measuremsnis T began the ecalculationa by the same
mathed as before. After alaboration the resulta /Fig. 7 and Flg.
8/ wore published in the Report INP /May 1965/ and /a Yittle
change of the text/ in Phys. Letters 1965 [7].



:h
]
4

EFAT I DT L AN
WIS frvrpnct

*
Flg. 7. Some of the Misabauer spacira in goathite
taken at difforont temporatures /from

[7] ana [10]/.

In apito of bad resolution /at that time I had no other
possibility/ of our spaectra it certainly was the first discovery
of antiferrocmgnatism of goethite /below their 1:“ temparature/in
controveray to earlier monographs /Selwood t9356/ |8] which trea-
ted pocthito as A paramagnetic compound.

In our papar in Thys. lettors [7] thars was a problem as to the
axisteonce of four antiferromagnetic sublatticos in elementary
cell of OL-FoOOR according to a hypothesas of Nalsh and Turov
[0]. The authors of this hypotheses have proposed a “cross astrue-
turo® for D;h space group /geothite structurc belonga to that
one/ but it was not confirmed in later papers.

In 1965 D.S5.K. was the first to receive a PhD in the Mosaba-
uer Spactroscopy in Peland, for a thesis satitled *Temperature

20



2 0]

E .
Temparntwre, X

Fig. 8. Tomperature despendonce of the affcetive
internal magneotic flalds in gocthite /firom

[7]ana f10)/.

dopandence of internal magnetic fields in goothito investigat:ed
by means of Mdssbauer method effoet®. Thias thosis also prosen::s
the rasults of the temperature dependence of isomer shift -l
quadrupole splitting from which the angle hotween the magnetic
and eleotric fleld gradient direction in goothife wes elleou-
lated [30].

Almost at the some time in our library two papers inportunt
for that problem appeared. Phys. Letters with our papor [’?] and
J. Phya, Soc. Jupan with ' short Jonco page/ notico by Tokadi at
al. [111 about Mossbauner goethite measuremonts.The Japancese #os-
bauer group observed only one internal magnetic field in theirs
goethite sample, ses Fig. 9.

Since that time a consldorable problem has appeared: why
bad different rssults beson obtained in the same minporpl compound
Known up to that time in mineraleglcoal tadles nz gocthltc”

The sud to diffsrent spsculations and oommente /very unpleasant
for ma/ was put by a Hungarlan M3ssbauer group Ez]

2



Mg. 9. Japansse Missbaupr group measurements in
goethite at 130 K and room temperature

/erom [11]/.

DeZsi and Fodor /1966/ from Central Research Institute for Fhy-
sios in Dudapest in their laboratory, on thei.r MSasbauver appa-
ratus measured both Polish and Japaneas samples and thelr results
confirmed both previcualy obtained results, those by both the
Pelish and these Japanese group.

Moreover, Defal and Fodor made additional measurenonts by
DTA method EIZ]. In our goothito sample tho authors of [12] found
oryetallization water but in the Japanese sample no water was
found. It became olear that at least two different minerals of
gooethlte exisi, not to be diffarentiated by o rentgenographic
method.

In the satw year /1965/ tha *"Misabauor Effeot in o -Fe00iM
paper appoared [13]. Van der Youde and Dokker in thelr eciounv
work on the temperature dependence moasurementa of hpf stricr: vn
in mth_i.te /from Losawithial,/ alas¢ obamerved ono internal magsie-
tic field. Their conclusion drawn from the MSasbauer and other
rethods was that there is a whols range of goethites that can be

22



Comparison of the most iwportant /at that time as well as

modern/ measurements data by Mdasbauer Spactroscopy method can

divided into two olasses;: A = goothito showing two intermcl
be soon in Table 7.

magnotlec fields and two psake in DTA, B - goothites showing one

internal magnetio field and one peak in DTA method.
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It 13 interesting that the internal magnetic fields in the
natural as well aa in synthetic a-pples of goethitea reach al-
most the same valuo for T-p0 (X)[H

The MJssbader group atarted by us grow very quickly and it
wns gammted according to the rule of evolutien. later other
‘}'oung MSasbauer groups were Torooad. Those groups generated aro- -
und J.Bra /fthe firat M@ssbaucr diploma work/, arcund J.Sawleki
/the socend onc/ and K.Tomla /the third one/.

After D.5.K. had defended his theais, he spont cnc year
/1967-1968/ at the Central Rescarch Tnstitute for Fhysics /DBuda~
pest/, There, together with a Hungardan MN8sasbauer group, they
carricd out the MSssbauner tenperaturce dependence rpeasurcoonta of
hpf structure in /3 - Feo0l an1y -rooont [is]), sce Fig.10 and Fig.

11.

LE i, ‘
i i

% " d A .
g

Fig.10. turiations ef the iasatier s‘hifta y the quadrupot .|
ting 2€ and internal mapnetie ficld 1 as a fumerinn
tenperature  in @-Fcnr!}!, Jtrom [15] /.
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Fig.%1. Varlations 01‘8 s 2Eand If va. temparaturc In 5-!‘9001’
/tron {i5] /.

Therein, the Mossbauer measuraemceats for a greup of :‘-h,_: n,
0, type fervitss vith O€ € D.80 wern perforeed EG].

Later, in 1969 ve studiad iron chelcte complexss/eleven sam-
ples/ by the !9ssbauer offoct method f17].

Tn cooperation with thse Instltute of Iron Metallurgy of the
Acadeny of Mining and !{ctall‘ur[';}' - Crocow, there was porformed
and eladborated a very intorosting work /at room temperaturs/ of
upl* structure for a group of nonatoichionotric fron oxides of
the Fo,__ O type /olovon samples/ with 0.002.4 x £ 0.230 L], -
300 Fig.12.

In the same collaboration tho M3ssbauer measurements in cal-
cium iren ol:l.vinoa(?o,_xcuz) S$i0, with .0« x«£ 0.6%5 wara performed
&t reom Semperature and @O0K [19 » Alss from that collaboration
rasulted yet another work on tha MSsabauner study of calelunm omg-

notitea of C“x“‘a-xoh typo with O x«€ 0.5% /nineatesn samples -

I‘r.-2
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Mg.12, Somo of tho MSasbauer spoctra for "‘"1-: Q samples {aken
at room temporature, /from [181/,
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In 197, in cooperation with z I{f¥sshcuei proup of the J. V.
Kurehatov Institute of Atomice Emergy, Moscow, the Misshulcr mone
surcmonts in threo samples of Jarosite pgroup /Crem L . up to
LX, tomporaturo [zawore perfarmped, at low teaposalure.

In addition %o the problems mentionced zbove, D.S,K, @z in-
terasted in molecular biolegy. Some collaberation with rezpoeoe-
tive groups from the Chomlcal Department of the Yroclaw Univor-
alty and the !Mcdical Acaodomy in Crucow was startcd; with a group
of Drof,D,Jezowska-Trzeblatowslta /to ChUYU/, the synthesis of
nucledo noid fragments Jodenina, guanine/ with iren Pe was stuw
died [22]. Also with a group of Dr I.Trzywarska-Doniocka /to
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ChD¥U/ catalase modal complexca /hiologicel enzyme/ B.‘:ﬂns well
as the synthesis of honoglobine /synthetie hem + natural globl-
no/ vere investigated,

With a zZroup of dr.J.Frendo /to MA Cracow/ wa siartad the
investimation by Wasbauer Spectroscopy of a aulfheowoglobine
/heooglobine comnected with sulfur/,

In 1976 /in collaboration with the Tnstitute of fGoology and
Minernl Deposita of the Acadeuny of Mining and Motallurgy, Cra-
ecow/ rescarch wms performod on the problem of thoe nnture of iron
cospounds in well-chorasting scdiwents [24]. Also in collabora-
tion with tho Chemical Dejartment of thoe Jaglellonian Univeralty
tho MO@ssbauuer measuromenis of tho reduction of iron ent-lysi".-
for amonin synthesis [25] wore perfiormed.

Inst but not loast D.S.K°s paper cntitled "Problem of mag-
netic dilution and particle suparparacagnetion in iron oxidesa
invostignted by tho M8ssbauor Spectroscopy®l26)appeared in the
Report of INP, Ne 132W/PL /fAugust 1986/,

Nowadays the MSsashauer Speciroscopy in tho Institate of Nu-.
cloar Thyaica in Cracouw holonges to the Applied Muclear Spectro-
scopy labacratory maa a part of tho Muclear Spectroscopy Divi-
sion., Tho Mdssbauer Spectroscopy ataff in our Tnstitutc have in-
vestigated aftur different problems, Anong them /Hr.R.EKnioé and
Mr.J.Kraczka/ rareecarth with 32, kd and 5d felements/ alloys
wore atudicd, This group also porforged the ipveatigation of di-
luted alloys lmpurities like Sn in eopper ond stlver matrices
allayad with somo d-olemonts, and carried out a roscarck of na-
tural oinerala. This group cocperatos with a 8ssbauver group of
Nucloor Radiloespectreszopy Divisicen of tho Instltute af' Thyslea
at the Jagiollonian Unlveralty as well as with CXR-Strasbourg
/France/ and with Keormflorachungszontrunr - Farlsruhe /FRG/,

The sescend ptroblon in which Dr,K.Rucbenbauer, Mr.D.Seplol
fror NP and . B.Miczko from ChDJU are intercsted is the high ‘
temperature diffusion ond the latiice dynamios via the MAsshauer
Spectroascopy. Tha group works io clozo cooporation with both.
the dcmestic and internaticnal conters /domestio -~ The Depart=-
ment of Chemistry of the Juglellonian Unive:sity, the Pepartment
of ™ysics of the Tochnical University in Rndom, the Tnstitute
for “aterinls Science of tbe Acadory of Mining and Metallurgy,
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Cracow; internationmal - Mclaster University, ILL « Concordin
Pniversity/,

Yhe group is especlally concerncd with the developmont of
nigh tenmporature equipment, single-crystal sourcea and at last
but ot least with the develepment of highly soaphisticaltod M0ase-

" bauor sefftware, .

The third isswe P,S5.,K. has lately heon intercsted in is thoe
Mgssbauer studias of drugs. In the niddio of 1988 fthe starting
date/ and In this vear in eooperation with Dr E.Imobenbzuer and
Mr.B. Sepiol from THP the measurcrents of temperature depondence
of hpf structure in comucrceiual (ln‘x:;s containing iroa wvere yar-
formed. The detaiied aiudics cf Terrouva gleconmate - il conpo-
nent of anewia druga /at LX, temperaturs up to about h00X/ vere
alse carried out. Ater the claberatleon of the obtnined rosulie,
the papor wags writiten and sent to the [ypoerfine Interaction Con~
forence /Tangnlorc, Mdla 1986, [2‘?].

Apart frem that N.S.K. khas almost finialied his habildiiation
thesis.
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HOSSBAUER SPECTROSCOPY IN AGH
E. Erop and J. Zukrowski

Solid State Phyzicg Department, IM, AGH, al. MicKlewicza 30,
FI0-059 Erakow, Foland,

Hoasbauer Spectroscopy (HE8) in AGH exists in the Department
of Solid State Pnysics of the Instituté of Mataiturgy. The begin-
ning «f thig activity dates back to the term 19690/T0 when one of
us (K. K.) as a Leverhulme Fellow at Fhysics Department of Shef-
field University was intansively working in this field. Aftep
coming back home HS was belng 1n3t;ate9 in the Group.of Bulk
Maznatic Materials in the abovae mentiomed Solld Stat; ysics

Department.

1. Laboratory - past, present and futuprs.

Our laboratory wag started with HOKIA-Electronics (Finland)
Massbhauer spectrometer based on multichannel anglyzer with 800
channel 3. it was only in 1972 that the first Mdsshauer spectra
ware measured. Shortly after ouwr Méssbayer laboratory was equiped
with continuous flow cryostat and'a eryustat with superconducting
magnet (3T) of Oxford Insiruments Sompany to initiate measure-
ments at liguid helgum temperatures. At this time the activity of
Moasbauey Group was mostly directed to eaplarge our measuring pas-
sibilities and to collect computer programi to fit (intetrpret)
thie measured spectra. 56 1hen, vacuum MHissbauer furnace was coli-
stiructed to maasure spectra at elevated temperatutres (above éT-up
to Curie point of Lron ( 1030K)} and vibrator to measu;e ;pectra

in the moving-abaorber Jeometry wasg aiso constructed. computer



* programme to FLt static and dynamic {relaxation dependent)
Hassb;uer spectra was brought inte operation.

To collect gasous helium from the operating cryostats
Leybold’s helium recovery system was lnstalled.

™he ‘actual measuring possibilitles allow +to measure trans-
mission Hissbauer specira on Fe, Sn and Eu nucle] at temperatures
LR -4 2K ( pumped cryostat ), 20E - 300K { continuous flow
eryostat), & 2K - 300K {top iocading cryostat) and 300K - 1100k
{ Masabauer furnace ).

The spectrometars are connected on ling with HEPTUN mini-
computeﬁ.'nicn 15 afterwards connected with IBM-AT one. This
anaples to fit every measured spectrum

The nearest future of our MS is to (ptroduce "in situ”™ CEYS
in UHY on oligoatomic Fe films, and addittoanaly measurements on
_some rare—eartﬁ nuclel with the poasibiiity of simiitaneous cooi-

ing of the source and absorher._

a. Projects

The {first subject of Mossbauer investigations (still in
Fhyaics DBapartment, University of Shefflreld) wasz an ensemble of
B-Co particles in Cu-1%Co alloy. The sc¢op2 of this studies was to
detarming the spin-lattice correlatloﬂ timg of magnetic moments
of B-Co partitlas.including the vrange where cobait particies ex-
hiblted auperpafamaanetxsm. Thsrmal e¢xcitation analysts of veapry
small CO‘partxcles which gizes 4id Aot 2¥ceed JO0 atoma per O
particle, was also the subject - f nvastigation in the newly
vpened M3 labovatory.

One of the first studied subjects were also magnetic



propertizs &€ disordered Fe-% ( X :C1, 51, 3n) atteys for uhtch‘tﬁe
influence of X-element on hyperfine field, spin and charge trani-
fer were atudied

. in the se¢ond half ¢f the seavantles our Mossbauer laboratery
" &tarted nevw problem L.e. magnetic propérties of intermatalilic
compounds of rare earth - 3d transition metal. This subject i3
studied with good results untlil nev and hydrides of theze intar-
metallics were alaso included

Our laboratory made aige some contribution to the knoewledge
on physlcs of amsrphous Fe-B and Fe-Zr alloyvs. )

The 43 droup got recently valuable results on maguetic
properties of ollgoatomic and monsatomic iron £1lms (ﬁntLll new
in the c¢oop2ration with Techaical Univerailty, Clausthal-
Zelterfeid).

There are several prabiema which were tacKied by our greup
due to coittacts with paople and other laboratories that wiltiinegiy
cooperated with us:

- gation dtstribuiion in titanomagnetites (sthect.brought by the
post doctoral fetiow from austraiiah

- phase analysis of tin oxide thin fL1ms (also deped with tndium
and antimony) Ln cooperatlon with the Group of Thin Semiconduc-
ting Films, IH AGH, Krakoéw,

- lattice dynamics of eurapium-tungsten bronzes (in covperativn
with the Laboratory-of MHagnetochemistry, Warsaw University),

- phass analysls ¢f minerals (in coopepation with the Insfituta
af Gesiogy and Hineral Resources, AGQH, FKragowj.

In the frame of {1sted subject 73 papers were published: Lwo

habrlitattons (another two very advanced), seven Ph.D. thesis an-i

twalve diploma works were completeéd.
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£LAff and internatlonal goptacts

At preseént the HS Group counts ten peoeple including thiree

" staring aciually abroad. The Group cooperat2s with following

foreign and domestic lakoratories:

1.

2.

Physics Departmeni, University of Sheffield, Englana,

Miniing Academy, Freiberg, DDR,
Un}verslty of Saarbricken, FRG;

KFEL, Julieh, FRG,

Technical University, Wien, Ausiria,

Frete. Universitlt, Perlin West,

"echnical University, Clausthal-Zeilerfeld, FRG, -

.nstitute of Nuclear Physics, SwierkK, Poland,

stitute of So0lid State Physics, Universaty of Ladz,

M
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" MUBSBAUER SPECTROSCOPY LABORATORY AT SWIERK
L

by J.Buwalski *
I. Introduction and general description.

Twanty vears have already passed since the creation of the
Miesbauer Spectroscepy Laboratory in Swierk. If one takes into
arcount that the discovery of Mbissbauer effect tock place Z8%
years ago and the Ncbal prize was granted to R.Miésshauer only 2I5
yaars age, the eanniversary of our lahoratory seems quiite
impressiva.

In marly stages of the devalopment of our labhoratory th:e
activity was directed towards the construction of Missbauw er
spectrometers for our own needs and to fulfill the increasi:ing
demand far thie type of equipment from research and univereitys
ingtitutions. Fow simplifisd spectroomters were constructed also
far industrial us@. In the same t:m@ cryogenic techniques an A
crycstat constructions were developed.

Initially the measuremants af ™7Fa regonance ware carried
out but other resonant nuclei were consecutively introduced,
namaly 312%gn, 3®Tg, 1Wagy, 1R1ghH, #INi and :4ipy, The studies
of tha latter two were made poasible due to existencs of
accelerators and reactors suitable for the irradiation of
chort-life isctopes. ’

The research carried out in our laboratory combined the
construction of spectrometers, the methodology of Missbausr effect
studies as well as basic ressarch concerning magnetic and related
properties of ferrités, iron based metals and mare recently
aynthetic metals. The application studies on the demand of
industry or other rescarch centers were also carried out.

-

* Department of Solid State Physicws, Ingtitute of Atomic
Energy, O05-400 Dtwock, Swierk, PDLAND.
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Tha jabocratory staff have published more than 100G scientific
Fipers  from which ca 40% were published in tha most prestigecus
:mternstional journal=, the rest being published in internstional
ccnfergnce proseedings or in  technical and popular science
Journals. Several non published techaical reports &and expart’s
reports for industry were also perfaormed.

Four MSz thesas, four PhD theses and two habilitation theses
vera cempletad in oer laboratory. Savaral researchers from
Foland and abroad finished Miozsbauer spectroscopy &ouwrses and
trainings which lasted from 1 mnngh to 1 year.

I1. Present staff:

Five employees including two highly gualified technicians.
two senizr essistents completing their £hD and ong assoc:iate
professor. Beeide the pérmanent stafd the laboratory =mploys
aleag MSe candidates and traineers on the temporary basis. The
number of osreanent staff has been reduced, &3 comparsd fto the to
the leve! at early stages of the laboratory, from 8-2 to S

positiona.

111, Equisment.

Home-made constructions:

a/ Mimsbausr spectrometer SM-4 working in the wvelocitv range
+20mm/se. It is uwsed to the studies of the followimg isotopes:
iron, tin, telurium and nickel isotopes.

&/ Mbasbavzr spectrometer 5M—-é& working in the vslocity range
+&00mms/=. It is applied ta the gtudies of rare =srtha
isotopes.

¢/ Bammareszomeier ie spectrometer of v-constant with automatic
registration in two arbitrary applied velocities,

0/ Busteni‘metzr ie spectrometr far guick determination of the

regtaine austenite content in censtruction steels.

Tre same spectrometers were built for Silesjan University
i€ . Wroclaw Mniversity (a) and University of Laipzigq fb).

Gzanmaresomete-s {(C) were applied in lavor-l{cnnl mines, napely:

1%



KWE Wuijek in Katowice, KWk Brzeszcze in Ogwiécim, OBR-EMAG in
Katowice and in heating power plant Siekisrki and Befchatow as
meters for the determination of tha content of sulphur in coal.

Other important equipment:

e/Suparconducting solenoid combined with a cryostat in vertical
geometry. Magnetic figeld up to AT.
f/Microcamputar IBM~FC~XT

It must be stressed that we are fortunate to have in
Swierk a unique opportunity to c:rry out the research reguiring
the sxistence aof nuclear reactors, accelerators 'of particless,
high speed computers, cryogenic systems and radiolegical
pratective aoervice. T = fact greatly facilitates tine
undertaking of difficult and non—-typical experiments.

IV. Research interests and major scientific achievements.

In the early stages of the Méssbauer laboratory the researc:h
interests were focused mainly an the canstructian of scientifzc
equipment and the initiation of Miéssbauer Effect (ME) measuremeni
involving various resaonant nuclei. In addition ta ME =tudiesz,
neutron and X-ray spectroscopic and diffraction techniques wers
applied in order to obtain complementary results. In  particuolar
spinel type ferrites, garnets and iron-uranium, iron—-telurium
intermatallic systems were studied.

A series pf theoretical papers were alspo published at that
timea. The papars were devoted to the calcuiation of hyperfine
structure parameteés from Missbauer spectra in the gresence of
magnetic and glectric field influencing simultaneausly the
resonant nutleus. Interestingly these papers remain, till rfnow.
¢requently quoted in the literature. ’

The results of the studies concerning magnetically. crdered
state and spin microstructure in diluted faerrimagnetic oxides
turned out to be extresely intsresting. Spin canting and spin
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$lipping predicted by theory were obsarvaed. A westhod of
dietinction bLetwsen diffsrent spin alignment protesses in
external magnetic field was devalopad. 3d® ghall
deformaticn of Fe™ jons in soss spianl ferritas were
determined, The distribution of iron cations betwesn octahedral
and tetrahedral positions was mseasursd. The substitution of
magnetic cations by the nonsagnetic ones (2™iSh, 13%&En)

in spinals enabled us to cal:ulat? the supertransfered hyperfine
field at thess noainally diamagoetic tons. The results of tha
above studies created significant intereat in industry and as a
rasuelt large portion of this research was financed by FOLFER.

Another important part of ow raspar-ch was devotsg to the
invastigations of atoaic ordar and disprder in allays. 1t was
shown that ME is a suitable method for such studies. For example
in alsifer alloys which are routinely used for the manufacturing
of sagnetpvisual heads perfect ordaring and & prefersntial
occupation of alloing sleaants nars discoversd. Alloys
axhibiting large ssgregation of components and amorphaus alloys
ware also investigatad. Spinodal decomposition occurring in
alnicg alloys dua to thermonagnetic t{reatment was traced. In the
materiale uged for the fabrication of psrmanent magnets a taxture
was observed as a result af column crystallization. Early stagss
of erystallization in amorphous alloys were investigated as well
#9 their magnetic anisotropy transverse to layer plane. A simple
method of the determination of retained austenite rcontent in
stes]l was elaborated. High temparature corrosion studies in
alectricity power plants (Konin, Turoszfw) and atmospheric
corrogion of the body cars were carried out.

In the seventies rmaveral investigations concerning the
methodology af ME atudics :m rare earth were undertaken. Far
this purpose a special spectroaster was constructaed (sme zpce:on
Z.b).  An original technology of preparation of shor--lile
*4'Dy isotope in reactor was developed. It must be strezus:
et despite a large interest in rare sarth chemistry and phyzics
the ME sStudies of matm-ial containing RE elanants are extreasly

TEr@.



The research interestas were focused on RE-TH interaestallic
compounds duw to their interssting sagnetic properties and their
potential spplication. This part of work was carried cut in
collaboration with Solid State Physics Laboratory of AGH and
Institute of Physics of LIJ. A series of mxperiasnts involving
intersstalic cospounds of Dy, Sa, Y, with Fe, Ca, Pd and AL or B
were parforasd. This part of ressarch resulted in sevecal papers
published in regular journals and confersnce proceedings.

In wesarly sighties in collaboration with *he Departsant of
Chemistry PH ouwr laboratory initiated the application of ME
spactroscopy to the studies of aynthetic aaial ie orgsnic
compounds axhibiting setallic conductivity. It must bDe stressad
that the first FE studies of conducting polvesrs was carriad out
in Swisrk. The discovery that M <an be spplisd with success
ta the characterization «. organic conducting saterials
containing Missbauwr nuclei s.imulated a large ressarch intersst
all over tl:ll world. Very quickly several rasearch groups froa
MIT, Tsukuba University, Max Flanck Stuttgart, Free University
bBertin, OTE, and University of Strassburg followsd the route
initiated by Swiark. However till now the Narsaw-Swiertk
resaarch group still holds the largest contribution to the field.

The ME technique snsbled us to detwraine the chemical nature
of the intercalated speciss and thy charge transfer between the
hast matrix and the intercalste. Froa the tssperature dependence
of the recoil fres 'ahsnrptim, Pubye—HWaller-Missbauer lattice
temperatures of several intercalates wers calculated. Finally,
caraful ME studies snabled us to differentiate betwean the "true
intercalates” and degradation and/or contasination products which
helpad to resclve aavgral controversies existing in the

literature.
V: Domestic and international collaboration.
A 0 it has been already stated isportant scientific

achiaveasnts ware accomplishad through collaboration with several
research institutions. Similarly soms industrial applications were
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sada possibla through tha coopsration with research and

zenters of the industry. The limited space of this
with
tham

devel opomnt
activity review doss not allow to sention all institutions

which we collaborated over twenty years. For weach of
important ang sonstisss crucial Missbausr studies were sade.
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Our Coniribution to the M¥asbauer Speatroscopy

J. J» Bara
Institute of Fhysies, Jagellonian University
Reymonta 4, 30=059 Cracow, Poland

A short review of our 26-yeara scientific activity in a field of
M8sgbauer spectroscopy, based on seleoked publications, is given,

- My adventure with the M¥sabener spectroscapy began in 1960 when
at the Jegellonian Univeralty I started Lo prepere my nasters
thesis GApparatus for the Inveatigation of the H¥Yssbauer ETffect
at Room Temperature" /1,2/., This, fully sutomatized /3/, con-
stant veloclity Lidsebauer spectrometer ia being used +1ll now for
special purposes /4,8b,8d/. In the second haldf of the fire$
decade a congtant ecceleration H¥gsbauer spseirometer was bought.
end located in the cryogenic bullding of the Institute of Nucle-
ar Physles. This creates low temperature fascilities for the
¥MY¥sabauer effect group. In the middle of the second decede two
nev departments were established at the Institute of Physics of
ihe Jegellonian University. As the result of this the MBssbeuerr
effect group was epiit into three independent groups. Soom efter-
. two new M¥assbaner lgboratories were orgenized. OQur laboratory,

organized in 1976 et the Scienoe Teaching esnd iiethodology of
Physics Department, is eguiped with two constent ecceleration
Hidegbanar gpectrometers of the Polon type.

In the first decads of our HM¥ssbauer effect research we etud-
ied microdynamical properties of Co-57 impuriby atomz. It wae
found that the forece constants for impurity atoms are almost the
eame as for host atoma /5-T:112/.

In cur new M¥assbauer laboratory two scientific reseerch pro-
grems, malnly methodologicel ones, heve been developed. The
first one, which became our aspecizality, is concerned with un-
c2v entional aepects of the nuclear resonance scattering of
j;rays. it wes started with detalled gnslysis of H¥asbauer
geattering spectra recordsd in a single scatiering geomelry
/8af., Tnls analyslp was then extended for spectra recorded in
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double and multiple scettering geometriecs. The nuclear resonance,
Reyleigh and Compton scatterdng processes were taken into con-
sideration, Firat of all the integrsl and mnalytical expres-
,aions were derived for a shape of a background corrected single
resonsnce scattering line /Ae/, Wldgsbauner filtration /8%/ and
E¥esbaner dispersion 780/ spectra, time independent selective
excltation double resonence spectra /84/, as well as double /Be/f
and multiple /B8f/ gcattering spectra. The integral expressions
yere then used in numerdcel evaluation of the spectrz paraneters.
Semples of vazious thicknesses and having various ebundances in
reschent isotope werc analysed, The influeance of an excitation
energy setting on ‘the shape of the J¥ssbauer flliravion and time
independent selective exciteiion double resonence spectra was
also studied. .

The concluslons derived from theoreticel considerations werce
sxperimentelly verified, If was found that the maegnitude of
Ji¥ssbauner eifect derived from the single resonance scetiering
line hes 1to highest value for very thir sanples for which the
linewidth is the smallest ome /7c¢/s The use of carefuily de-
signed the low moise seattering geometlry gave the hish mesaitude
of ii¥gabauer effect both for enriched and non-enriched speaplea,

The double resonance ifffssbauer experimenis are .uch more Go-
phisticated than the ones performed In {he transmissicn or scete
tering Zeometries, However, pome of them =nable one to utilize
in one experiment ell unique properties of Ll¥ssbauer spectrozcayy
zuch ga hiph energy resclution, sBhort observation time =s well
g5 large vaiue of the nuclear rescnance croge section,

The high energy resolution is the mosi widely utilized prop-
erty. Tn oxrder to improve it a 8asbeuer line narrowing hes to
be gchleved. The nerrvowing of on-resonance Tfiliretlon and on-
resonanoe iime Independent selsctive excitetion douvle rosonance
lines as well 25 the narrowlng of doudle and muliiple resonaace
scettering lines was theoretically predicted. HKeduction inline-
width to the value o nearly one geame may be obtained by appli-
cation ol the source and scatterer filtering method /8%, Using
a specially designed {ransmissional-~scattsring geomebtry nerrowing
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of M¥asbauer line and amplification of ite amplitude ware ob-
served /8b/ for on-resonance excitation. MNoreover, dispersion
phenomena were obgerved /8¢/ in M¥ssbauer spectra recorded in
similay geometry by detecting scattered y=rmys, conversion X-
rays or conversion electrons, Very small difference in resonance
energlens of abmorber and scatterer were indicated by thespectra,

Iue to sufficiently large recoillese fraction of soettered
Y=reys and very low noise geometry used, selective excitation
double resonance gpectra were successfully recorded /847 both
for the enriched metallic iron foll and for the non-enriched
magaetite scetterer of a natural origin. The results of these
exparimente are ln good quellitative agreement with the inter-
pretation of time independent selective excitation spectra.

An attenpt wes made to observe e double resonance scattering.
process, The double resonance scatiering specirum wes recorded
/8¢/ by detecting converelon X-rays following resonance absorp-
ticn in enriched hematite of {<rays which were previoualy re-
coilless~reooillessly scattered by eariched metailic iron foil.,

A more detelled mnalysia of scattering and trenemission ge-
ometries heve reaulted in new interesting findings /9,10,12,1%,

The experimental condltions sultable for observing & line
inveraion in Edasbouer scattering spectre were predicted by the
numeydcal analysis ¢f the Raylelgh and Compton contribuiione
to M¥asbauer .cattering spectra. The line inversion was obser-
ved /99/ for beryllium scattererg with small iron lmpurities,

The performance of the Xwray-e¢ colncidence technigue for
recording depth eclective Re~57 CEMS spectre was investigated
/10a,b,d/. The technique proved ueseful for selection of the
Fe=57 Keghell converelon electrons from g beem of back scattered
electrona. Thie makies 1t poasible to observe dspth senaltivity )
of CEHS spectra recorded with an He/CH4 proportional counter.

The compeneation conditl :ns were utilized for observing in-
terference effecta in M¥ssbauer soattering spectra recorded for
the enrlched hemetite scatterer placed in front of beryllinm
plates of properly chosen thicknesses /11e/. The method for
aboolute calibration of the intensity scale of Hissbaner spectra
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was proposed /11ef, a distorsion of MIsambauer spectra cansed by
geogetric effects was studied /13a/ end a camparison of apectra
simultancously recorded in ftranamission and scattering zeome=
tries was performed /13h/. It wag found that in some cases the
ecaitering method predominates the tranemission oae es far es
line quality parameters and linewidths are concerned.

In some scattering experiments already described a pulse
shape diecriminater composed of commerclally availadle eleciro-
nlec blocks was used /147, It efficiently reduces a detector
background, produced in proportional counters by high energy
f~raye, and a time interval of etoring d¥ssbeuer specira.

Our cecond regearch progrem is concerned with atudies of
ferrites /9b,10c, 15/, intermetallic compounds /16/, szorphous
materials /17/ and vanadium oxide bronges /12,18/. Fapera pub-
lished in that field by our coworkers during their stay abroed
wers not ineluded in this report. )

The resulta of our lovestigatlions were presented et the in-
ternaetlonal Conferencee on Application of L¥scbauer Effect:
Verna=-1967 /6b/, Tlhany-1969 /41s/, Dresden-1971 /11b/, Cracow-
1975 /11¢/, Buchareet-1977 7114/, Portorag~1979 /9a,b/, Jeipur-
1981 /11e/, Alne=Ats-1983 /12/ end Leuven-1385 /10b,c/.

One habllitetion repert £19/, three doctor s thesis /20-22/
and 30 maater s thesis were prepared in our MIesbauer lsboratory,

A few review papsre on application of the HilHesbeusr spectro-
scopy heve been published /11a,23=25/.

We were gctively engaged in organization of ICAHE-Cracow=-19T75
/11c/ and of the Winter School on Physios-Zakopene-1385 /26/.

Let us hope t¢ have s prosperoua future,

The author acknowledges the long term cooperation with
all cooworkers,
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MUSSBAUER LABORATORY AT THE FACULTY OF PHYSICS, WARSAW UNIVERSITY

Michatl Kopcewlcz

Institute of Experimental Physlcs, Warsaw University,
00-681 Warszawa, Hota 69, Poland.

The Laboratory of the Missbauer Effact was founded in 1566 as
a part of newly organized Chair of Nuclear Methods of Solid State
Physics in the Institute of EXperimental Physics at the Paculty of
Physics in Warsaw University. Hence,we have now double occassion
for celebration: 25 years of Missbauer spectroscopy in Pol and and
20 years of our lab. I jolped this laboratory in 1967, In 1987 our
lab was attached to the Department of Solid State Physics where 1t
balongs till now.

The begining twenty years ago was similar to that in other
laboratories. We had primitive home-made-mechan;cal ‘v-const. spec-
trometer with the velocity range up to *3 mm/s, and LN cryestat.
Using thls equipment we studied phase transitions in KNO. and pu-
blished .n 1968 the first paper fully made in our lab /1? In 19683
we received spectrometer purchased in DDR - v-gonst. Carl Zeiss Jee-
na M5-10K, This spectrometer, which from the begining was obsoletce
and unreliable had a velocity range up to ¥12 mm/s, so we could
study magnetic ipteractions in iron compounds. The situation imprro=
ved very much in 1973 wlen we obtained new spectrometer of Ewrope:an
standard —~ Hokia (Finland). The spectrometer, later developed in owr
lab, is our main tool till now. In the same time we constructed anm-
ther spectrometer based on Polish CAMAC units (7% -spectrometer) amd
400 channels analyser developed at Technical University in Waxzaw..
In 1975 we bhought modern flow cryostat CF-100 from Oxford Insiru-
ments (England). Unfortunalety due to permanent shortage of liquid
haelium we use this cryostat for the temperature range 70 - 300 K.
In that time we constructed new spectrometer working with Nokia-Po—
lon analyser, which parameters are similar to the original Nokia
spectrameter. S50, today we have two good, but rather old, spectro-
meters using which the measurements for 6 different samples can be
carried out simultaneously. We deal almost exclusively with 57Fe
Missbaner spectroscopy. In addition since 1979 we have in our lab
Polish made minicomputer Mera 400.

In this twenty years our sclentific effort was concentrated
on three mailn toplcs: proton ilrradiation effects induced in iron
compounds, study of atmospheric aerosols, and investigations of .
the influence of the radio frequency (rf) fields on the properties
of ferrdamagnetic crystalline and amorphous materials.

In 1968 we started investigations of effects induced in iron
compounds by energetic protons. Using the MYsshaver effect it was
possible to study radiation damage and chemical decomposition of
the materials caused by protons of ener-gles varying from. 0.3 to
2 MeV. We Investigated dielectric iron compounds such as:
Feso4.7320, K4Fe[CH)6.3HZO, K3Pe(CN}6. NH‘Pe(804}2.12320,

IHH¢}2Fe(SO4)3.6H30, PeCl,.4H,0, Fetcsﬂslz. It wag found that as
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a result of locel chemical decomposition due to proton irradiation
new chemical campounds appear and that the fipal productsof decom—
position are magnetic compounds such as Fe,0., Fe,0,, Fe,C and me-
tallic iron. In several cases, depending oﬁ Ehe p?o on eflergy and
dose, magnetic compounds were formed in the form of ultrafine par-
ticles axhibiting superparamagnetic behaviour. Using the “thermal
spike” model it was possible to estimate the size of regions con-
taining magnetic fractions formed by proton irradlation. The agree-
ment of the experimental data with such simple model was good. We
publighed 14 papers or this subject (see e.g./2-7f and refs. there-
in}. In 1977 we extended this sunbject to other materials and stu-
died proton irradiation effects in Fe-Nl1 metallic alloys /8/.

In 1969 we employed the Mbssbauver spectroscopy to study at-
mogpheric aercosols. This was the first and upique application of
the MBssbauer spectroscopy in atmospheric phyaica. MBasbauver effect
proved to be a powerfull tool in the investigations of the proper—
ties of iron contailning particles in atmosphere. We could estimate
the chemical form in which iron appears in theptmospheric aerosol,
concantration of iron, and the size of iron contalning particles
/9/. The method is accurate enough to follow the seasonal varia-
tions of the ooncentration of iron in the air /10/. These results
threw some light on the origin of iron in the at.mosphere, It was
possible to study the relation of iron concentration in the atmo-
sphere with the radiocactivity of the air /11/, and tha process of
waghing=out of the pollution from the atmosphere by rain /12/.

The influence of industrial pollution on the properties and total
concentration of iron containing aernsol was investigated /13/.
The Missbauer data were found t¢ be sensitive to the circulaticn
process in the atmosphere.g papers were published on this subject.
This study ig performed in collaboration with the Institute of
Geophysics, Polish Acadjemy of Sciences.

Since 1973 we study the effects induced in ferrcmagnetic ma-
toriale by an external magnetic radlo fregquency fields. Qur scien-
tific effecrt 1s concentrated on thissubject till now. The rf power
genarators constructed in our lab allow us to study two kindsof
effecta: (1) the modulation of the Missbaver gamma radiation due
to vibratlons of M&ssbauver nuclei inducedl by the rf field via mag-
netoatriction as a result of which the sideband lines appear in
the spectra ("rf sldebands” effect}, and (2) the effect of the
fast magnetization reversal forced by the rf fields in soft ferro-
magnaets which is manifested as a collapse of magnetic hyperfine
splitting to a single line or guadrupole doublet ("rf collapse”
effect). In order to observe the "rf gidebands" effect the mate-
rial mest be magnetostrictive. We studled this effect in detail
for metallic iron /14/ and as an accompanying effect to the " rf
collapse® in varidns iron contalning alloys /14-18/, The "“rf co-
llapse” effect ocours when the frequency of the rf f:.ld 1s larger
than Larmor precession frequency and when the intensity of the rf
field is larger thar the aniscotropy field, so that the switching
time le comparsble to the period of the rf fleld aEplied. The fi-
kst paper from cur lab related to the "rf collapse™ effect wes pre-
santed on the International M8ssbauer Conference in Krakow, 1975,
and published in 1976 /15/. A detailed study of the "rf collapse”
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effect in FPe~Ni alloys was performed /16/. It was hown that since
the collapgse and gideband effecte can be separated their origin is
different: gidebands are of magneto—acoustic origin and collapse
is a purely magnatic affect of relaxation origin. /17/. The influe-
ncg ?f }ha spin pinning on the "rf collapse" effect was dsmonatra-
ted /iB/.

In 1979 the investigations of the rf induced effects were ex-
tended to include ferromagnetic amorphous alloys., It was found
that the rf field causes irreversible and reversible changes in
the matarials studied. The application of the rf field to amorphous
alloye of high magnetostriction {e.g. Feynlii, Bopn) induces the
irreversible effect - the crystallization of %ge amorphous systel
at temparatures much lower than normally cbsearved crystallization
temperatures. This new effect was studied as a function of the fre-
guency, intensity, exposure time to the rf field for various amor—
phous materials of different magnetostriction constants. The results
show that magnetostrictively induced vibrations Crf sidebands’ effect}
%agt;.?}lize the amorphous structure and cause the crystallization
For many amorphous alloys it is possible to observe the ™xf colla-
pse” effect, which, because of averaging to zero the magnetic hy-
perfine field experienced by MSssbauer nuclei, allows to separate
the magpoetic dipole and electric quadrupole interactions in the
ferromagnetic state of amorphous alloys. Hence the quadrupole
splitting distributions and iscmer shifts can be studied directly.
This unique method, first introduced in /22/, makes possible to
follow changes of the short range order (5R0O} in amorphous metals,
which are tnaccessible by other methods.SRO in l?nagQﬁ B:I.{Bﬁ?,
Peg, 81, Bygs PU,Nijc_ S1,.B ., Pe,sSi By . and otadr FeNIB and
FeB amorphous alloys was studied /23-26/. The results obtained we—
re in good agreement with the structural model for Pe5iB allcys
{see also M.Kopcewticrz, this conference).

Application of the stress to amorphous alloys showed that stress
induced magnetic anisotropy strongly influences the “rf collapse”
effect. If the stress induced anisotropy field is larger than the
applied rf field, the "rf collapse” effect disappears., This effect
is similar to the influence of the static field on the "rf colla-
pae" effect and clearly proves the purely magnetic origin of the
*rf collapse” effect /27/.

The study of rf induced effects in amorphous metals were performed
in cellaboration with the University in Saarbriicken {Fachbereich
Angewandte Physik), F.R.Germany.

We published 3¢ papers related to the rf :gtudies.
Hore/cg?’ventlonal studies of amorphous metals were also carried
out /28/.

Moreover, the "rf sidebands" sffect was studied for Ni samples
implanted with >7Fe. The composition g4 _the surface layer formed
due to implantation and the range of *'Fe jons implanted was de—
termiped. ) ’
The 2ffect of the Misabauver magnetoacoustic echo was observed in
Fe-Ni alloys using pulsed xf fields /29/. Tt

In collaboration with the University in West Barlin the investiga-
tions of relaxation proceesses in milikelvin temparature range we-

re performed,

Lo



The results of our studies wera presented on many internatio-
nal M8ssbauer, Hyperfire Interactions and Amorphous Conferences.

During all that 20 years besides scientific activity we were
-involved in teaching. About 20 M.Sc. thesis were done in our lab
and A larga number af students became aguainted with the MBssbauer
spectroscopy during the course of 1IIPhysical Laboratory and gemi-
nars.

Scientific degrees were obtained by the members of our group:
M.Kopeewice -~ Ph.D. in 1973, and habilitatiom in 1981,

A.Kotlickl - Ph.D. in 1974, and habilitalon in process,
B.Kopcoawloz - Fh.D. in 1974, .

In conclusion I think that despite rather limited and Qiffi-
cult conditicns we marked our prasence in the international Mdsg-
bauer society. We.hope that next 20 years will not be worse.
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The EEGINNING of MUSSBAUER SPECTROSCOPY et the IESYTITUTR
of PHYSICS of the WARSIW TECHNICAL UNIVEESITY

M,Peryt, ¥W.2Zych

Institute of Physics, Warsaw Techricel University
00-652 WAR3ZAWA, ul.Kossykowa 75

The hiatory of MiYsshanar spectroscopy at the Warasw Zschnical
University began in the year 1982 after vwe bought the NSgshan-
er Spectrometer from BHungarian Institute KIKI equi vith mi~
nicomputer TPA-7J. Our interest in the Missbauer Speciroscopy’
was rather natural, becatse of solentiflc profllée of onr Ins-
titute, where Solid State Fhysics plays oain role amd thars ias
£lso a group of physiciats working on muclear physica.
MIssbaner Speociromster was important for us from feiw pointe
of view, Piratly, we could extend the subjeot of research
devoted to solid state physics, Secondly, the work concerning
subastances based on iron enables us to collaborate with our
theoretical group working on magnetic properties of solide.

It was also important, that M¥sabener Spectroscopy is very
useful thexa 2f diploma and dootor «~works, swhat after orga-
rization of the Faculty of Applied Physiocs and Mathematica

at our University, has essantial meanning. )

Our main subject of interest are measurements of MYesbauer
spectra of amorphous alloys based on Fe. Thie is connectad
with a more wide research of magnatic and structural proper~
ties of amorphous metallic alloys of the composition:
“ao-xmxnzo' where M - transition metal : ®i,V¥,Mn,Cr,Co,Ni
and x - atom ¥ of metalleid, B - horon.

Temperature range of measuréments is from 4.2 X to about

1000 K., The M¥sgbawer effoct studies are performed in the
transmiggion geometry by constant acceleration technigue.

The pource °1Go (Cr)of activity about 100 mfi was used

In al) experiments, The spectra are calibtrated at room
temperature by iron ARMCO spectrum. The mumerical analysin

of the obtained deta is carried cut by the magnetic field
distribution method developed by Window, end compnter

program baesed on Hesss and Kubertech method.
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Let us now deaccibe our spectroseter and his sain features.
The aquipment ie sainly used in constant acoeleration mods,but
.in the single-channel MBssbauer specirometer assembly it also
works in constant speed operation mode, The spectrometsr is
suitable for the simnltaneous control of 2 analymers of diffe-
rent typee and two independent measurements can be almiltane-
ously carried cut under the same movement conditions, One of
its advantages is the direct. coupling to TRA/T0 computer
produced by KFXi. The electronic unmits are build of integrated
cirouits end Si-transiators, thus ensuring long lifetime and
reliable operation, Mechanical construction bases on module
units in CAMAC system, Corresponding to the kind of the samples
t-std,t.he plane of the measuremsnt ia horizontal or vertical,
+ The samples ocan be investigated over the temperatures range
from liquid K, to 1000°C. The evacuated and heated ovens can
be s1id into rack, while the sample reaches ths required
tamperature anabling other measurements to be carried out tn
1ts place. The cobstruction of the rack and the apecial vacuum
oven, facilitates the iovestigation of the Bal;mle in a magnetic
field. The MD=220 Sointillation Deteator is capabla of detec-
ting low=energy gamsma rays, thue it is sulteble for MSssbeuer
spectroscopy measurementa, Veloeity ies adjustable by a switch
between the values 0.1 - 0.5 - 2,5 and by a helipot in the

2 - 12 om/mec. The Velocity Conimol Driver sentrols. the miti-
channel and singie channel anslysere and drivea the veloeity
transducer. The funotional error of the aatual veloolty
imdicated by automatic error inlicator ie less than 2%,
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The data stored in the memory are transferred to the tape per-
forator or- other peripheral device comnected with DATAWAY thro-
ugh the: peripheral driwe unit, The result stored on punched
tape is printed by the Teletype in a convenient rur*u}valua-
tion, The X=-T recorder alse records the data belonging to one
point of the #8esbauer speotrum., Sinces 1986: year we have

M TRTRLLIOBNT. MUSSBAUER ANALYSER®,The Intelligent. M¥ssbmuer:
Analyser- is a-miuroconputmimsed. data processing systen-_- wehich
iz capeble of displaying, the data stopad in the spectirum memo-
ry, recoxding them on different data carriers, and of perfor-
ning operationg with them, It is btuilt. of a programpadle
microcomputer coupled to a measurwment-, data collecting-

and control system, The advantage of this constrmetion is
that the computer peripherals serve not only for the input.
and output: of digital data but they alaso conirol the measure-
mants and fullfil spectial taske, In contrast with ordinary
MYagbauer analysers which are usually universal multichannel
enalyeers, the Intelligent Hlasbauer Analyser , while opera-
ting only in externally contrelled multiacaler and simple
amplitude analysies modes, can be programued to carry out.
complicated operations for spectrum svalwation, Rather then
sinply displaying the spectra 1t also displays results of
computations, programs ami ;lphanumeric information essen-
tial for the user. The Intelligent MYosbauer Analyser ie
produced by KFKI-Budapeat,. It ie a pleasure {0 thank on thia
place %o Dr.P.Fawlak for his very essential contribution in |
organieation of MYssbauer Laboratory at the ‘Inetitute of )
Physics -Warsaw Pechnical Univeraity as also %o Ing. Swi-
narski,.
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Development ond Achievements of the MBssbzuer Spectroscopy
Laboratory in the Instituyte of Experimental Physics af

Wirociaw University.

. J.Chojcen, A.Ostrasz and #.Szuszkiewicz
Institute of Experimental Physics, Wraclaw University,

Cybulskiego 36, 50-205 Wroctaw, Peland.

The paper contains a shori hisiory and review of achievesenis

of the Missheuer Spectroscopy Laboratory in the Instytitute of

Experimental Physics of Wroctew University.

The Mlssbeuer Spectroscoepy Laboratory {MSL) in the Inzti-
tute of Experimental Physics of VWroclaw Univessity initiatsc
by nrof. 9.Rozenfeld was esteblished in the mic sevénties.

The managemeni was commiited o assisient professer U, Szuszuic-
wicz. Two scientific workers dr. 3.Chojcan and mgr. A.Cstra:r
are the memiers of his group now.

In ihe beginning the #MSL hal st i{tg dispossl the lsciaue
spectrometer S¥-4 praduced Sy the Experimenial
for Hon-Serisal Equipmerat nf the Instituls of huclosr Resezrslh
at Swierk (Foland)}. For three ysars the cevice tase hed soon
enrichec by the MBssbauer specirometer cf POLLH procuction arl
by the Hungerian slectrornic device for repgistreiian anc elaboito-

tion of the experimental data.
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The subjeEt matter pof the investigation carried out by
"'5L is subordinated to the long-term plans of the Nuclear
Paysics Applicetions Department of the Institute of Experi- ~
, =2znial Physics of Wroclaw University, which the LFboratory
belongs to, The attention of the MSL workers was initially
concentrated on the investigation of the electronic structure
ci binary alloys of 3d-traensition metals containing Fe [1-6].
The rarpe ef investigations has been next (since 1980) exten-
dz¢ tp the hydrogenated alloys of iron end vanadium [T,B].
Zupzrrinents were elso performed for some tin compounds
{2,10).

3asing on ihe results of the first experiments it uvas
nelicec that the simultaneous investigation ef a substance Ly
r2sns 0of positron anninilation and ithe #¥ssbouer effect cen
suepply ¢cditfionel informetlen on the electronic structurs of
iz substence under investigation. In psrticuler, for binsry
su-transition metal alloys containing Fe onec is able to
ezlinste the distriteiion of velence electrons. This ides has
Loun uead Tor the estimation of the électrun clztributien in
zr=e2 V-Fe, Dr-Fe and Fe-Co alloys es well as hycdrogeneied ¥-Fe
tileys., It wes done by using angular cerreletion c<atas froam pe-
:lirgn ennihilsation experimznis end isomer shifi gdata fres
s Zighauzr 2ifect neesurements. The obtained resvlts for Fe-Ce

y.olen lieve eppzored o be at variance with the nevtron difirec

=

vizhn Gste cencerning the magnetic moments of Feo atoms o ihose
t.loys. derecver, for paramezgnetic V-Fe, Cr-Fe and hydrogsnatec
i-Fe allcys the obiaincd results seem 1o be in contradicticn

vith informatien on their magnetic properties resulting fror
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magnetic susceptibility messurements, Finally, for most of the
examined specimens tha obtainsd results differ essentially from
those expected on the btasis of the cellular-atomic mode} cf
alloys by Miedema. First of ell for concentrated alloys the
determined direction of electron transfer between different
atoms 1s opposite to the one predicted by Miedema's model.T
This 15 surprising in view af the fact that the model is semiem-
ﬁirical oné and its, predictions remain in agreement with a large
cless of experimentsl data concerning particularly the binary
alloy formation hests, )
Conmaldering the sbove, the possibility was assumed that
there 1s an essential inacﬁuracy in the 1hterpretatibn of the
analysed parameters of positron annihllstion and/eor nuclear
gamma resonanse sbsorption. In particular the attention was
peid to the reletionship between the MBssbauer isomer shift
(I5) of *7Fe and the electron surroundings of 5Tre nuclei im
iron alloys. Basing on the resultis of positron annihilation,
nucleer gamma resonance absorption and neutron diffraction in-
vestigation for Fe-Co alloys it was shown that in the first
approximetion IS is proportional to the tetal number of elec-
trons traensfered between Fe and Co stoms due to allaying, ince-
pendently of the charecter of the electrons. The experimental
result 1s at variasnce with generally accepted interpretation
of IS based on theoretical estimaticns and many scisntisis
doubt its corregtness. The latter is somewhat surprising 1f it
is noticed that other experimental data are in agreement ﬁith
the resuit. Watson and Bennétt, far instanee, showed that fof‘

dilute binary slloys with iron as & solute the Mbssbauer isower
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shift is proportional to the matrix electronegetivity parameter
or to the total elsctron flow on/off iron atgms. “oreover in
- ihe Miedema’s and Van der Wande's model for the isgm:r -hift
in binary alloys, it is assumed that the IS s propaortional
to the total electron transfer between different atoms. It is
interesting that the maodel is widely used by many suthors anag
the assumption is not criticized at ali, Eventually, applica-
tian of the assumption for detsrmining the valence eleciran
sistributicng in V-Fe, Cr-Fe and hydrogenated V-Fe alloys on
ihe basls of positron annihilation and M8ssbauer effect data
yizlds results which are in agreement with macnetic preoperties
of the alloys and Miedema®s model predictions.

Along with the studies of the problems menticned above
ine V-Fa-R system was examined to explain the role of H in the
craation of permanent magnetic moments at Fe atoms in the slloys.
1t was noticed that dependences of W8ssbauver parameters on H
sonsentretion change their slaepes when concentration of electrons
in tha slloy rcaches so-called "eriticel" concentration at which
lucal magnetic moments at Fe atoms occur. For instance width of
the HWbssbauer spectrum incrzases essentially on passing the
concentration. It was shown by low-iemperature measvrements
(at 5 K) that the effect is not due tao magnetic splitting of the
spectrum but thanks ic the guadrupole interaction, The reseit
weg supported by X-ray measurements ‘which have reveslecd teira-
gonal deformaticon of the crystel lettice of V-Fe-H alloys with

electron concentration greater than the critical one.
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SURFACE MAGHETISM OF Fe{lio)1-¥ILNS STUDIEP BY IN SITU
CONVEREIOH ELECTRON MOEBESSPAUER SPECTROSCOPY

Jogef Korecki

S0l1d Stare Physics Department, Academy of Mining and
Mataliurgy, Cracow, Foland :

ABSTRACT

The magnetic properties of epitaxial atomically fiat Fe{ii0)
films were studied using in situ Canversion Mosssbauer
Electron Epectroscopy. Thes submonolayer JQetection limit of
the method was applied to follow ithe local structure of the
magnetic hyperfine field. The Friedel-type osciliations of
Egp were astected near the free FPe(110} surface. The tem-
perature dependencet of the filln magnetization, probed by
Byp 1s dAlscussed. -

i. INTRODUCTION

First applicationa of the Moeszhauer spectroscopy (MS)
to the magnetism of ultra thin films come from eaprly
sixtieth!), The applied JF-transmission geometry set a
serious limitation of the minimum absorper thicHness used 1n
Moesghaueyr experiment. informations about properties of
films conslsting of few atomic layers were availlable only
from measuraments of sandwich proébea of total thickness
anove 10 nm, In which magnetic layers of STFe or its alloys
were separated with nonmagnetic onesi=3), Thig technique
(which originally was a mean compensating imperfections of
the e¢xXperimental method and later deveioped in advanced form
to the "Hultilayered Fllms with Artificial Superstructure* -
problem®)) 1ed 1lnevitable to 1ill-defined fiims. Intransic
magnetlc properties of films, surfaces and Lloterfaces were
dissembled with compilcated, i1mPossible to define real
structure, affected Dby 1island forming or atloying. The near
ideal films are obtainable 1n process of epltaxial growih,
especially for someé chosen systems preferring layer-by-layer
growth moaa%), This typa of sampie preparation for
Moessbauer measurements was applied for the first time by
Duncan ¢t al%, who measured 1n transmission moda the zys-
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tem oFf Agi1)~Fe{110)-Ag deposited on mica substrate. To
increase the thickness of ths absorber, avolding ihe
"sapndwich-procedure" the samples were cut into pleces and
stacked together. Although the authors .claimed the flat
growth mode of Fe(l10) on Ag(iit), it 18 Known From the paper
of Snyman and Olsen?) 4<hat iroh grows tree-dimentionally
forming small, uniformly oriented microcrystals, which size
distribution depends on pre ation temperature. The ob-
served linear, inatead ¢of T3/€ - dependence of the mDagnetic
hyperfine field Byp on temperature (T < 300 X} already for
filma thinner +than T am 12 PpProbadbly due +o flim
dl‘scontinuities. . . .

The described above some plonser thin film application
of ME as well as the conclusion of Bayreuther in his review
paperﬁl ahow clear the main experimental Jdirficulties:

a. - achleving the monolaver Jdetection limit of MS in
the wide tamperature range in reasonable time of

. measurement {acquisition time of few hours)

D. - using of atomlcally flat single ¢rystal thin films
with the well defined astructure.

only fualfillment of these two conditiona aliows to use
probabply the moit attractive feature of MS ! 1ts local
character of analyeis, Already appiying of scattering
geometry with detection of converszion electrons {conversion
slectron Moegssbauer spectroscopy - CEMS) profited with c¢on-
siderable Llmprovement of detection limit py using of effi-
clent H/CHg detectors and offered some depth selection. The
small penetration depth of electrons in matter {about 100 nm
for 7.3 KeY conversion electronz from 5'Jf-‘e) gives the pos-
31bility of lotal analysis useful for ecorrosion studles or
for nom dsatructive surface apnalysis in material science, it
18 of course insufficlent fFor probing of surface magnetic
properties, where the disturbance conhected with 11ack of
translational symmetry ranges: - few atomic layers only. Tne
depth selectivity can Dpe conslderadly increased pebrforming
the analysls of the conversion eleciron energy, as thelr
energy losa 1s related t0 the depth- - at which they were
originated, This +type depth selective CEMS (DS-CEMS8) appiles
different types of electron spectrometers® i3l High or
ultra nigh wacuum 15 combined with thils technique (which is
necassary o perform the electron spectrometry) and gives
then possibllitlies for  the sample preparatlon, structurai
and c<hemical analysis and the HMoesshauer experiment 1n sltu.
Unfortunately, this salution is used oniy
occasionally$ld2), Tne applicability of the DS-CEMS sysiem
in tbe suriace -sgtudies 1% llmited Dby the long timz of
measurensnts resulting from the low transmission of the high
resclution slectron spectromaters. The Moessbauer spectra
have t¢ be deconvoluied, considering the aistribution of the
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Possible escape deptlr for elecirons of l‘.he glven mEeasured
energy.

The local Hoessbauer analysis c¢an be reajizad algo 1n a
simpler ! a thin film, prepared of npon-
Moesshauer 5F‘e 1sotope. at the certain d.lstance from the
surface a probe layer (few atomic layers) of STFe is Placed,
Yarying the position of the probe layer leads to the depth
profiling of the hyperfine parametersg. This type of Deasupre—
ments performed in Walker’s groupl®) suffer of tha insuffi-
¢lent gensitivity of the Moessdbauer analysis and separation
of technological and measuring procedure. .

Recentlyl8), tne literally local analysis of the hyper-
fine parameters with the monclayer >'Fe probe in epltaxial
Fe{i10} films on Ww{i10) was achieved using in situ CEMS com-
bined with UHV mojecular beam epiltaxy and standard mpethods
of surface characterization (LEED, AES}) in +the present
paper the application of this method for studisz of magnetic
" phenomena in oligoatomic (consisting of few atomic layers)
iroen films 1s presented. Section 2 describes the apparatus
and 1ts possibilities. Section 3 contains the detalls of the
gampile Ppreparation and some methodological aspects of the
experiment. In sections & and 5 the depth Ppreoflilng of the
Byp Dear the surface and interface and thermal excitation of
magnetization are dlscuased.

B. APPARATUS

The leading line by the construction of the experimen-,
tal system waa the possibllity 1o combine the malecular Dheam
epitaxXy 1In UHY, providing structurally well defined single
crystal iron films with the 1in situ CEN5, ofiifering the sub-
monelayer detection presolution. W{lid) chosen as the 3sub-
strate for a good epltaxy of 1ron {see the next Sectlon) in-
troduces 1n the CEMS experiment a very high npon-resonant
background d4due to photo-, Compton and Auger electrons. To
minimize crucial signal-to-nolse problems, they have to ba
separated from 7.3 KeV converslon electrons using some
energy filter. Its transmission and resolutlon should be op-
timize to give +the shortest acquisltion +time of the
Moessbhauer spectrum with the sufilcient slgnal-to-noige

ratio.

The experimental system is shown in Fi1gt'7)., The UHV
¢hamber was evacuated by the turbomolecular pump Turbovac
S60 M and the titanium subklimation pump with the cold trap.
The base Ppressure better then 3wio~% Pa was easily achieved
after baking out. The chamber is equipped with tke siandard
techniques of surface analysis: four grid LEED optica and
¢ylindrical mirrer Auger electron specirometers. The sample
{{) 18 mounted on thée 10 cm long arm on tre VG manipulator.
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Fig. 1. Schematic of experimental setupl?)

Foar a0 erper lawanl (1hed S34iuallan L shown  1n Fig. 1)
Ll mpwsc el Lo trrapnsterred Lo dront of the small area, hagh
activaity S7TCosRh Moessbauer source {5}, vibrating outside
the vacyuum. J¥-rays, collimated with the tungsten shield (&),
irradiate the sample through the beryllium window at a graz-
ing angie of 159, what increases the sample effective thick:
ness by faclor 1/cosi5° As the mentloned energy filter the
106%-spnerical condenseri®} (73 13 wused  Because of its
axial symmetry, the nice geometry for szample manipulation in
almost field free space 1s provided. The condenser ( nean
radius 11.75 ¢m and the gap spacing 3.5 ¢m L5 made of Ai-Cu
allay. The dimensions and geometry of the condenser yvield
ihe value . §0% V/eV for the ratlo of the focusing potential
to the glectron esnergy, wibat results in about %, 5 KV for the
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13 Ke¥Y electrons. The combination of AlpOg Dballs, used as
centering eiements and jca spacers provides the eslectrical
tnsuiation for about i2 KV, what means that the spectromater
can Dbe used also for 119gn CEMS, After passing the
condenser, electrons are dJdetected with the channeliron (o),
which detection efficiency and the effective entrance radius
18 1nc¢reased dY placing in front of them a stainless stest
tube, coated withh MgO. The parameters of the spectrometer
were optimiZed uaing a thin 37Co source, simulating the
HoessDausr scatisrer. Transmission of 7% of 4Rkat the energy
resolution of 4% for the pass snergy 7.3 KeV was achieved.
Due to a very low non-réaonant background of electrons
eriginated bh¥ the 122 KeV rays the resuiting HMosazbauer
spectra snow the +total resonance effect of 30X per one
monolayer of %TFe In a film evaporated on the Al substrate.
Replacing 4l Dby tungaten reduces this vajue 1o 2%, Dbut
nevertheless, with a 00 m¢C source the spectrum of one
mopnolayer of 57Pe (n a film consisting otherwise of 56Fe of
the total thilokness of about 4 nm can be recorded in 15
hours with the signal-to-noisge ratlio of 20 for the most in-
tense lines of a Zeeman pattern. Table 1. reproduced from
the paper of Toriyama et alld) and completed with the adata
of the system presented in this paper {referred as clausthal
Technli¢al Unilversity) gilves the comparison of the several
electrostatic elactron spectrometers, constructed for CEMS.
The guite acceptable parameters of the eleciron opLLs, com-
bined with the high signal-to-noise ratio and the unique
combination with the advanced moiecular beam epltazy (MDE)
s¥stem (see Dbelow), maKe the Clausthal apparatus the power-
ful tool of the surface Hoessbauer analysls.

The W(110) single crystal, 03 mm thick, 10 mm L
diameter 13 mounted as the substrate (1. It c¢an be operated
at temperatures between 90 K and 2500 K using a standard VG
couling module or comblnattion of thermal 1rradiatlon and an
electron bombardment. The temperature is controlled with a
W/W-Rh thermocouple spot weldpd to the crystal

The MBE system consists of six BeQ crucibles heated by
ungsten spirals, surrounded by Ta radiation shields angd
placed 1in the water cooled cooper housing (2} With the
shutter (3 a one single evaporator or <ertaln comblnations
of two (for alloying) can bpe <¢hogsen. The depozlt thickness
15 contreiled dquring the preparation independently for each
evaporator with ithe sifx water cooled gquartz crystal o0scll- .
lators (4). The seventh one {4’) can be moved e€xXactly to the
gampic position, giving the geometrical calibration fTactor
fo;» t..: ther oscillators. With this arrangement the film
thiciness can be preproduced within 204 monolayer (ML) and
measured with the absolute accuracy of 5% For a typleal
evaporation range of a few A/min. the pressure during the
deposttion of 9°Pe, %7Fe and A4, which were used in tha
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TABLE ¢

Comparison of electron spectrometers for Moessbauer Spectroscopy

Institute

Stockhiolm
university??

Ruigers
Universityl©}

Duj sburg
Universitylt)

Frele
Universitaet
Perlinit)

ToRyo Inst.
of Techno-

TV Clausiha:
{present)

Type

cylindrical
mirror

sphierical
condenser

150© spherical
gector

ellipsolqal
mirrol: retap-
ding grid

spheraical
retarding
grid

A106° gpherical

condensepr

Energy

regolution

at 7.3 Kev (%3]
fx}

2.5 ]
2.0 i3
2.0 0, 27
9 I1s

2 5.5
4.5 7

Detection
efficiency

Sample
dimension

10 my ¢

10 mmx4 mmn

%5 mn §

10 mm $

Stghal-to-

" noLEe Tatio

for enriched
STFe absorber



expariment, remalns beiow i1r0-8 Ppa,

The itungsten substrate was c¢leaned by heating 1t in
oxyden at the partlal pressure ini0o~% PaThe contamination
ievel of € and O below (X of & monolayar was achieved, as
checked with AES. Similarly, fast atomically clean iroen sur-
face was obtained for frashly deposited films of J'Fe or
56re, This was achieved by a careful thermal treatment of
the initial materials and the perfect UHV- conditions. The
extreme difficuiltiles to get a JFree from impurities bulk iron
surface were eliminated by using the thin film technique,

3. SAMPLE PREFARATION AND HETHODGLOGY OF MEASUREMENTS

Atomically flat Ferromagnetic single crystals prepared
in the epltaxial growth can realize fast 1deal structure,
used for theoretical approaches, The epitaxy of Fe(1i0}] on
- W{110), studied extensively Dby Graamann and waller¥), gives
to some extent this type of ihe model structure. Some daubta
eXist only for the thinneat Fiims (up to foulrr atomic
layers), which grow probably asgs pseudomorphilc double layer
islands at %00 X and 1in layer-by-layer mede at room
temperature, The +two Ifirst atomic 1layers remain
psevdomorphic, then the periodie lattice distortions, due +to
toteraction with the misfitting W(110) substrate, appear. At
about 10 ML the distoriions fade out and the visual inspec-
tion of the LEED pattern reveals the features of the undls-
torted Fe{ii0) face. The monoatomic steps separated less
than 20 nm can b ezcluded. The aptimum temperature of the
epltaxial growth for fiims thickKer than 10 ML was estab-
1rshed asz 570 K.

For the purpeses of the local Moessbauer analysils the
monolayer probe of STFe should be placed at the defined dis-
tance from the surface of ithe f£1lm consisiing otherwise of
56Fe, This must be done 1n- a way excluding BTre-%0pe
itnterdiffusioni®), which could occur during the time period
needed forr the preparation at elevated temperature. The bulx
and the surface gelf diffusion data Yyield 520 X and 420 X
rezpectively as a high temperature limit for these
processes,. The samples for CEHMS eXpepriment were prepared
following ihls hint. First, the base layer of Dy ML of 581e
was deposited at optimum temperature 3570 E. The foliowling
proba layer of Do ML of STre {usually 1 HL) and the upper-
most layer of Dy ML of S5Fe were prepared at 420 X. The iron
fllm was coated with about & nm of Ag, resulilpng in the
sample denoted as *Dy-Da-Dz/Ag".

Examples of the proom temperature CEHE spectra for {filos
of the total thickness of 21 ML, with the probe layer In the
center of the fiim ("8-5-8/Ag"h 1n the secona and in the
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Fig. 8. Conversion electron Moessbauer spectra of Ag-coated
Fe(1310} T1ims on W(110} wiih ihe 97r¢ probe Llayer.
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first monolaysr counted froem the top of the iron film ("19-
1=-1/A8" and "20-1/Ag" respectively} are shown 1n Fig.2. For
all apecira, revealing the magnetic hyperfine splitiing, the
ratie of the 1line intensities for the Zeeman pattern 13
closed 1o 3 ¢ 0.14 : 1}, indicating that ihe magnetlzZalion
iies in the fiim plane in [110]) direction (which i1s also the
Firradiacion azimih), T contpact te ihwe i), wheee e
easy axis 15 of a [100]-type, Torr thw films  dhaoner  than
about {0 nm, the magnetization switches to [110}. The reassn
is the in-plane gurface magnetlc anlsotropy, as discussed
aleewnerei®l, The fitted values of the hyperfine interaction
pacaméiers: magnetic hyperfine fleld Byp, 1somer shifi  is
and quedrupele splitiing are glven also in Flg. 2. For thc
ceonter of 1ihe fillm and aven for ithe second layer they aic
closs to the bulkK values. The unigue feature aof the top most
tayer Jjs the non vanishing quadupele interaction, which
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dlsappears 1in Bulk iron becauses of cublic symaetry. Its ex-
istence at the surface and interface of cubic crystals is
the natural consequence of the broken transliational
symmetry. The rapld screening of slecirical fields in metals
causes, that £ vanishes aiready for the second monolayer, in
accordance with the PAC measursments for In surfaceZ?), tnis
observation provides the excellent proof, that interlayer
diffusion does not take Place under the proper preparation
mode. The vartation of the preparation and annsaling tem-
perature gives the 450 I as ihe temperature at which inter-
"diffusion starts, as shown in Fig. 3.

0.5} }' ' } ' ' K y
~082 {{ { oanvrhn o
ﬁ:_ww_ } * Annealing .
£ re ity ' 1
T-onst ]
ot e ]
-a02F } .
W f
002550 %0 500 600 700 800

ANNEALING (PREPARATION) TEMPERATURE /K mmewer

Fig. 3. MmierdsTiazloen between e first and the second Fe
ML, 4 0 "PQ0-1/A" saaple, analyzZed by a thermally
e ed chuangeg of 1he quagrupoele splitiing .
First, oneé series of sampies {open circles) was
prepared at prebharatllon iemperatures as ndicated
Secondly, one sanple, prepared at 420 K. was  an-
neated at temperatures given {filied circles) for
a period of about 40 n Obwviously, interdlffusion
staris only above 450 16},

a

The essential limitation of the Mogsshausr msasurements
for the free surface 13 the long acquisition +time and
consequently, the contamination ¢f the sample surface from
ihe residual gas atmosphere. Although it was posslble Lo get
a reasonable CEMS specirum for one monolayer in few hours,
.the adgorption of residual gases could not be avolded ©. @
monclayer of € and © could be detected with AES on the 1ron
flim surface one day after preparation. The sameé amount ofr
hydrogen can be supposed, taking into account Ahe composy -
tlon of the residual gas atmosphere and the sticking coeffl-
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¢lent of hydrogan, Cconsequently, the increagse of Byp 1n time
during which the subsequent spectra were meaasured for the
*20-1" 2ilm {as shown in Fig.4.) should be interpreted

1 [] L) 1] 1 L

17

—

NUMBER OF COUNTS/10°
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B

A R
5 -4 2 0 2 4 ©
VELOCITY /mm-sY)

Fid. &. Hoessbauer spectra of 1 ML 57Fe on the top of
a g0-layer SOFe{i11Q) f1lm on W(110} recorded
1h 8 hours immediately after preparatlon (a) and t6
hours later (n317),

in terms of contaminations. Teo get data for the clean
surface, the CEHE gpectra for the uncoated fl1ims were re-
corded for & sequence of time periods, and the hyperfine
interaction parameters were determined by lnterpolation ofi
slowly varying values to the time immedlately after ihe
Preparation. A3 the lowering of +the zample temperature
favors gaa adsorption, this type of measuréements were per-
formed only at room temperature,

4. SPATIAL DISTRIBUTION OF THE MAGNETIC HYPERFINE FIELD

In contrast to bulk ferromagnets, some inhomogeneitics
0of the local magnetization are e&xpected in thin filmz and
near the surface and interface. According +to the bang
calculations®i E2),  the spin aensitles are moaified by ihs
surface, leading to the enhancement of the ground state map-
natic moments In the outermost layers of L1ron and nilekel.
From the other alde, the e3isting phenomenological ap-
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proaches of thermal sxcitations (spin-wave theory23), Monte-
Carlo caleulations2®} opr Green . function calculations®%)
predict +the thermally induc¢ed monotonous dJdecraase of the
magnetization toward the surface. EXperimentally, the situa-
tion Lis more compliicated. Diffarent methods, which are able
to probe the Jocal magnetic structure involve different
physical parameters (spin pPpolarization, magRetic moment,
magnetic hyperfine fleld) and have the dJaifferent spatiai
resolution. ANy comparisons between them ‘and with theoriss
must be very careful,

Tyson et alf® reported as the first the depth
profiles of Byp forr epitaxial Ag-coated Fe(110) films .on
Agiiil). They detected an increase of the ground state Byp
at the Fa(110)/Ag8 interface, Applying the usual interpreta-
tion for a bulk s0lid, that the Byp L9 proportional to ihe
local magnetization, they clatmed the surface enhanced mag-
netic moments, as predicted by Wang and FreemanZ2) for tihe
Fa{i0Q) surface, This Interpretation had to be verifiedq,
when Onnlshi, Freeman and Weinert2?) showed, that the con-
tribution to Byp may be significantly different at the sur-
face and 1in the bulk. They discuss only +the Ferml contact
term, being the largest contridbution to the hyperfine fileld
for 3-d4 metals. In the bulk ferromagnets like Fe and N1 1t
results from the large neégative polarization of the core s-
electrons {proportional two the Jlocal magnetic moment} and
from the polarization of the conduction electrons, which 13
alse negative. At the surface, the conduction eleciron term,
depending on the local environment, can become even
Positive. The total Byp 15 reduced in magnitude as compared
with the DbulK., Additionally, Bayreuther® pointed out that
at the boundary of a cublc ferromagnet the dipolar fields,
vanlshing 1inside a Jphericai sampie, can contripute con-
siderably to the total Byp.

Using +the expeérimental pi_'-ocedure descr-lbed in the pre-
yious Se¢ctlons the detailled analysis of the spatlial d4als-
tributlion of hyperfine magnetic field in 2i-layer Fe{110)}
films on W(110) were carrled out2®), Tne wemperature depen-
dence of the BH% was measured for a serles of Ag-coated
f£1ims, with the 5TFe probe layer placed at the different
depth, wvaried from the iron film surface to the center of
the film. The results for ithe twe chosen films are shown in
Fig.5. The plot reflects the described above aspects of spa-
tial inhomogeneitiés of Bypt thermally induced reducttion of
Byp (pPronounced at the magnetic surface) anpd an increase of
the ground state magnetic hyperfine 7Tield for the Fe(l10)/Ag
interface. Whije +the first affact could pe analyzed in
agreement with the spin wave theory23), tne second one, ar
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Fig. 5. Temperature dependence of Byp in Fe(il0) fi1lms
coaled by Ag, for the topmost larver Lelow AR
{("20+1/AE") and for the centre of the film
("9+3+97AR"). BulK dependence 1s given for

comparison, All data are fitted by Byp(T) :
Byr{0) {1-D¥T3/2) (from(as)).

ready reportea by Tyson et al.28), contradicts with only
available calcuiations of Ohnishi, Welnert and Freeman?}
for tihe Fe(100}/Ag interface. However, beslde of the dAirf-
ferent orientatlion wsed In the calculations, il enscutal
"l i bk sagereemmind catd o play alas Ahe wd i b e
Liseartry allprofale P bl and Ll Ldekne:n: o ihe Ap aver Layesr:
Ltake fol* valculation {only i HL). robalkly, Lhe Tisew Aol
surface (3 more convinlent for comparison beiween theory and
experiment. Instesd of a Mmoot onous behaviour, the
calculations®9) predict hiige "Friedel-type" oscillations of
ByF for inhe Fe(100) surface. The oscilations, amounting 4 T
for Fe{119) surface and "reduced*  rTecently®® for the
Fe (110 surface to T T, are localized 1n e three outormont
Layers, lodeed,  the room Lemperiature measorements of the Py
Spallal  disiribution in uncoled 2i1-layer Fe(110) filwms on
W{110) conflrm experimentally the non monotonous character

af the surface struciurs, as shown in Fig. 6. To verify the -

rellability of the e¥periment, the measurements for two
serles of sampies, with zlightly different preparation mode
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Fig. 6. Byp near a free Fe{iid} surface at 300 K, taken
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temperature was lowered to 420 K for the probe
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Fig. 7. Ground state Byp calculated for 9- layer
Pet110) £:1m3?) @) ana compared wi'th the ox-
Perimental values, obtailned near the surface-of
the Ei-layer Fe(1i0) film on W({110) (&),
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wers done. The ground state properties are obviously over-
lapped with the thermally induced decrease of magnetization,
whigh should be of the same order as for the Ag-coted filme.
The results for tha free Fe(l10) surfaceextrapolaisd with
this assumption to © EK, are compared schematically in Fig. 7
with the band c¢alculations’®), The qualitatively similar
character of the experiment and theory should stimulate the
farther activity in this fleld, -

Up to now the nagnetic structures near the free and Ag-
¢oated Fe(i10) surface weres Jdilscussed,. Intensive CEHS
siudiea of +the W{{10)/Fe{110) interface were als¢c carried
outd), The room temperature CEME apsctra for the 2i-layer
Fe(110) fiims on ¥{1iQ), with ¢the TFe monolayer probe
deposited Just on tiungsten are shown 1in Fig.dé. The top
spacirum waz iaken Jfor +the sample prepared at room
temperature, but the. similar weéréeé obtained alsc for the
standard preparation mode. They c<ould be decomposed in a twe
5ix Iine Zeéeman patterns: the more intense one,with the Byp
gimilar to thes bulk value, and the second one, ylelding much
smaller Byp of about 22 T, Obviously, the deposited amount
of ®TFe does not remain in the first layer {(ccunted {from the
tungsten sidej but mixes with following 5%Fe, Wwhen the
preparation temperature wzas lowered to 90 K, which should
depress thermally aciivated nmiking process snd "freeze"™ the
5Tre atoms in the 7first monolayer,the drastic reversal of
the intensities ratios of the two Zeaman COMPoONents was op-
served {compare the bottom spectrum 1in Fig.8). Additlonally,
a change of the magnetization <irection, as indicated DY the
ratie of the line intensitles, tooKk rlace. This orlginates,
probably, from the changed ¥*ilm structure, which is degraded
by the low preparation temperature.

Obviously, the Zeeman component with the small Byp ac-
counts for the ¥W(10)/Fe(i10) Linterface. whereas at +the
Fe(11di/Ag Lnterface and for the +free Fe(iiQ) surface only
minor inhomogenelties were detected (mazximum apout 4.5 T,
for the W(10)/Fe(110} interface the reduction of the Byp by
over 10 T i3 observed. Posalbly, ithe tungsten 5d electrons
ars responaible for +this phenomenon, similar to that, ob-
served by Hosoito et akL¥ for iron at the interface witih
anotner d-metal -~ vanadium. Some role can play also the
structural factor - pseudomorphle of irom with iungsien in
the 1first atomic layer rcauses a slightly modified iatttice
sSpacing.
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5. TEMPERATURE DEPENUDENCE OF THE SPONTANEOUS
MAGHETIZATION, PROBED BY HF-HAGRETIC FIELD

. What type of temperature dependence aoces follow Lthe
magnetization of the ultra thin fiim? Ia 1t linear, as pre-
dicted by the spin wave theory’2] for the £ilm conalsting of
few atomic layers or deviates fIrom linearity even for the
.thinnegt Tilms as suggested DY Bayreuther Iin his review
paperd). Different types of/ benaviour were found
experimentally. The magnstic measurements of Gradmann and
Hueilerd®38) which 1in contrast to the previous experiments
concern flat, monocrystaliine films, suggest for the Co{i)l)
and 48HNi/92Fe{11l) films nsarly perfect agreement with the
spin wave theory®2l, This results 1n the strong decrease of
the spontaneous magnetization $g with ihe decreasing fiim
thickness. Simultaneousgly, for the thinnest fi1lms (below 2
ML), the change of the magnetization direction to the film
plane occurs. It 1s accompanied by the change in the charac-
ter of the magnetization temperature dependence from non-
Iinear to linear one. It 13 plaustble, that for the thinnest
filma an additional anisotropy {surface anisoiropy) causing
the magnetization reversal, iz involved also in the Hg(T)
dependence, as indicated by +the theoretical calculations of
Levy "and Hotchane®®), The argument of decreased effective
anisotropy {for exXample by the iszland like film structure}
can explain the Ilinear MNg(T} dependence even for thicKer
£11ms26), The Fef110) films on W{it0} form a suitable system
for the Hoessbaver analysis of the mentioned problems. They
are {free from structural imperfections and homdagenesusiy
magnetized even for +thinnest films, The average hyperfine
magnetic field measured as the function of temperature can
De used as the probe of the total fiim magnetization®®). Tne
normalized +to qum) vajues of the hyperfine magnetic field
for Ag-coated 5TRe 2ilms of thicKresses ranging between 3
and 20 ML are shown in Fig®. For_all films the data could
be fitted by BUp(T) = Bém(o:au-m-r-"/a) with the b vajues
ranging from 7.7M0® E-3/Z for the 2o-layer f£ilm to
2.2m0-5 x-3/2 for the thinnest consisting of about 3 atomic
layers (compare Wwith bpyx = 86600 X-3/2),  wnereas the
20-layer fllm shows nearly bulk behaviour, for the thinnest
one the Byp dependence on temperature 1is much stronger but
definitely non-lineap, The presulis of theoretlcal calcula-
tlons of Jellito®8l (spin-wave theory - SW} and Haubenreis-
ser ot a137) (Green function calculations - GF) for some
chogen #ilm thickness are shown also in Fig9 as the dotted
and dashed lines, respectively, The calculations were done
for mode} sYstems to some extent ‘different tha: that useda
in the experiment: @F results K concern the bec ‘attiice put
with {100} orientation, 8w theory used the spin of (/2.
Howesver, the surprisdingly good agreement with the theoreti-
cal GF curves 13 to De noticed 4in the wide temperature
.range.
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Flg. 9. The temperature dependence of the average Pyr.
normalized te Byp(Q), for the *TFe{110) fiims on
w{i19) (g, &, o, A for 3.2 ML, 5.4 ML, & 5 ML and
1% ML films, respectively)., The solid lines are
the best fits o Byp (T} /Byp (0) 1 1-b¥TI/2, The
dottied and dashed lines are ithe results of the SW
QF cajculations, resp.

The aim of +this paper was to demonstrate ile ap-
plicabiiity of the developed experimental method to probhleoms
of magnetic surfaces and ultira thin fiims. The capabilitics
of the Hoessbauer experiment have reached the level enabiing
the reliable comparison with the developing "an initio” cai-
culations and the common interplay of theory and experiment.

5. ACKNOWLEDGMEKTS
e

I am grateful to Prof. Ulrich Gradmann, who invited me
to spend three Years in his Lab in TY Clausthal and arranged
the financial support of the Stiftung Volkswagenwerk. Thanis
are first of all due to nIilgs luspiration and encouragement to
undertale this project, exctensive cooperation and
discussaion, . ;

79



1 would 1like to express my gratitude to Prof. Xarol

Erop, who initliaied the Krakow-Ciausthal cooperation 1in

Phiysics and continuously pProamoted this work.

REFEREBRCES

(B ¥ Lee, E.L., Bolduec, C.E. and Yiolet, C.E , Fhys. Rev,
Lett. 13, 800(17564}.

2] Lauer, J., Keune, ¥W. and £hinjo, T., Fhysica 88-88E,
1309 {197,

1% 3 Hine, 8., Shinjo, T. and Takada, T., J. Phys. Soc.
Japan &T, TeT(1979). . -

is] Hogolito, M., Eawaguchi, E., Shinjo, T., TaKada, T. and
Erndoh, Y., J. Phys. Soc. Japan B3, 2659(1964).

[5) Gradmann, U. and waller, G., Surface 3Science 116,
$39(¢i982).

e Puncan, 5., Owens, A.H, Semper, R.J. and WalKer,
J.C., Hyperfine interactions 4, 8806(1578)..

{71 snyman, H.C. and Olsen, G.H., J. Appl. Ph¥s. &4,

ARG ({19TF).

[B] Bayreuther, G,, J, Magn. Magn. Mat. 38, 273{198).

91 Baverstam, ¥., Ringstrom, B., RBohm, C., Ekdahit, T. -and
Liijequist, D., Bucl. Insir. and Heth 184, 401{1978).

{19} Yang, T.5., EolKk, B., Eachrowskl, T.. Trooster, J. and
Benczer-Kolier, N., Hucl. Instr, and HMeth, 187,
S45(1982}).

{11} Shnigematsu, T., Pfannes, H.D. and Keune, W. 1n
"Moessbauer speciroscopy and itz chemigal
applications®, eds., Stevens, J.G. and Shenoy. G.K..
Advances in chemistry series, vol. 194%, p. (2%

[12] Domke, M., Kyvelos, B, and Kaindal, G,, Hyperfine
Interacvions 190, 795(1961).

[13] Toriyama, T., Agsan¢, K., Saneyoshi, K. and Hisatake,
K., Hucl. Instr, apd Meth, 232, 170{1984).

[14) Owens, A.H., Chlen, C.L. and Walker, J.C., J. de
Pnys., 49, C2-T&{1979).

{15] TPayreuther, G,, J. ¥Yac, Scl. Tes¢h., Al, 19(i9hH3).

{i6)] Koreckl, J, and Gradmann, U., Phys., Revy. Lett., 55,
2491 {1985},

[1T] EKorecki, J. and Gradmann, U., Hyperfine Interact:ians,
28, 931¢{1986}.

[18} Purceil, E.M., PFhys. Rev., 54, 818(1938).

[£9] Gradmann, U., Koreckl, J, and waller, G., ARpl. Phys.
A 39, 1{1966). -

{20} Xoerner, W., Keppner, W., Lehndorff-Junges, B. and
Bchatz, G., Phye. Rev. Lett. 49, 1735(i982).

{21] wang, C.S. apd Freeman, A..J., Phys. Rev. B 21,
REB5(1980).

t22} Wwang, C.&. and Freeman, A.J., Ph¥s. Rev. B 24,
4364(1981}.

{23] Hiils, D.L. and Maradudin, A.A., J. Phys. Chem Solids

30

28, 1865(1967),



{24} Binder, E. and Hohcnbar‘, P.C., Fhys. Rev. B g,
2194 ({197T4).
[2%) Valenta, L., Hlu.bcnrol.ll..l‘. ‘W. anda pordRord, ¥W., Phrs.
. gtat. Bel. g6, 191{1968).

(€81 Tyson, J., Owens,A. 1L, Valker, J.C. and Bayrsuther,

: G., J. Appl. Pnrs. 38, 24887{1981). .

(27T} Ohniahi, 5., Fresman, A.J. and Weinert, ML, FPhys. Rev.
BES, 8T&{(1983).

{28] EKorecki, J. and Gradmann, U., submitteéed to Burophysics
Lett. -

29} Onnishi, S., Weinert, M. and Freeman, A.J., Purs. Rev.
B3Q, la(i984),

[30] Freeman, A.J., in Falico¥, L.M. and Horan-Lopez, J.L.,
eds., "HagnetiC properties of low-dimensional
ayscems®, spri.nser-verlu, 1986. -

[31} EKorecki, J.,° Przybriski, M .and dradmann, U., to De
published.

[(32] Jelitto, R.J., Z. Baturforsch. i{ga, 13500(1584).

[33) d@radmann, U. and Mueller, J., Phys. Stat. Sol. 27,

F1I{1968).

{34} dGradmann, U. and Mueller, J., Z. Angew. Fhys. 30,
aT{1970),

[351 Levy, J.C. and Motchane, J.L., J. Vac., Sci. Tech, 9,
T21{19T2).

{38] KorecHl, J., Gradmann, U. and Przybyiski, M., 1o be
published.

[37] Haubenrelisser, ¥., Brodkorp, W., Corciovei, A. and
Costache, G., Pnys. Stat. Seol. 31, 245(1909),

81



STUDIES OP ?9.5‘_?,.4.1 L1 ALLGYS BY BFUTROH AND FDSSBAVER TECHREIGUES

‘L.Dobrzydski¥, T.Cietuztowics™, K.Kopoewiez, M.Piotrowski’™™, K, Sz -
mariek 1% '

Institute of Experimental Fhysics, ¥Yarsaw University, Hoza &9,
00-691 Varszewa, Folané ‘ ’
® khysles Taculty, Yarsaw University Pranch, Lipowa 41, 15-424 Biorys-
tok
R Hationel Burean of Standards, Caithersburg, ND 20839, U,S.A.
AR fpgtitute of Atomic Energy, Swierk, Poland :
- .

Studies of Pe-Al and Fe-3t aliloys havé a long hiétory [3-5]. In.
recent years considerable attention has been paid to F25£1 and ?e535_
alloys with the Doa-tjlpe_of structure. The partigu;ar interest io s-uu-
dying the Dﬁs-type ordered 39381~based alloys stems from the prelay =z~
tirl site occupancy exhibited by 3d lmpurities in these alloys [4&] e
This eftfect can be wxplained qualitatively basing op the basd stouetzu~
re of Fe.jSl. [5_7 « 3urprisingly, the site preference which, accoréiag:
to btand structuwre caleulations, should be the saae ip FesAl, is by
no means so clear in this allay'[ﬁ] « ¥oreover, the upuauzl nropor-
tlas of Pe-Al alleys of the compositice Ftb.T&Zoos which can te ex~
plained gqualltztivoly usicg competing interagtion model, are to ithe
test of our kpowledge-rot observed in similar Fe-Si alloys, This fact
is =oct srokably comnwcted with a stroop dependence of effective an-
chenga iptsvention con the distence betwasn irvon atonms [?J .

The samplaes have Lean prepared froz 99,84 pure irom and 99,393I0
pure olucipivr and silicna, The metals have been ocited in 23 incuctios
furnace, hamcreaizsd and annealled so to ensure the Bos-t:,fpe of oxder.

Tha sample ganpasitinng ave showve in Tedle 1.
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Table 1.
Composition of the sarples

" sarple o At % Al . At ¥ 5
1 2.9. 23.5
5.8 23.4
3 Tel 25 .4
K )

The distributioa of atons among diffarent erystallog=aphic sites
kas beap studied by means of neatron diffractloa. The lntessitizs of
ceutrons sczttered frox powder saaplas non-magasticed and ~agnsticd
along the scattering veector have bogn seasurcd., From these toe iniens
sitias the magrntic and ouclear parta of the scatteving have beca ob-
talned,

Tae conclusion trom the studies of the nuclear pert of tha neulron
seattering is that the excess nop-lferrous atons laocate prefereatislly
2t the B=site. In accordance with statistical errors of stasuveneats,
the possible contont of these atoms in A(Z) slies should not be larzac
than 1 at, %, However, ve have not found any sysiematic trend in the
disteibution of-eleminiun atoms azong B and T slies,

Sonmehow independent coaflirmation af such as atonic distributisg
eanas from the magneile part of asutron scatiering. It is well-lnzun
that ivor woments are very sensitlve to thelr aonvirsuments, Prom thn
r2sulis of measuremants on Fej_xi:'{Si [3] y witore T donotes vanadium or
Tanganese, oné knpows that the suabsiitution 2f one iron atos =t tho
A-zite by en impuvriiy atom causes & decreans? of the magnetic =onent of
the B-site by 0,105 Boar nagnetons (B¥). On the contzary, if irea
2707 at the Pesite iz substitutsd by saother atom, the Tomen: at the
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A-gite decreases by as ouwch as 0,34 B, Ia eddition, Burch at al, [9]
tound no essentlal Aifference between the behavlour <f =ognotisatiogm
distrihation in re..,‘_szS_l. and Pe.'_iSi.x alloys. The megnetic noaswis dee
terained froam the magnoiic aeutron acattering fit well to this sieture
if the atomic distribution detsrmimed froa the nuclear part of seatte-

ring 1s taken into accuat,

The ¥¥sshauer spectra were racorded lp transzission geonefry with
& &tandard eonstant acceleration spectrometer, Tha source vas “'Jy Im
a2 chromiun mateir, )

The aspaéctra heve besn found to consists of two parts: a lizzar
combipation of four Zeewan saxtets of the Lorentzien lines atrraviatzed
ty P2(8), Pe(d), Pe(4) and Pe(3) anc e low-ficle ceatral pari. The
Fe(n} dagotes the Llraa site surrounded by ©8 lroa neighbours. The mSex-
tat Pe(s) is due to iron at Bwsite surrounded by 8 Pe atoms iz tha
first coordination sphere but with 11Fe+1(Al,S5i) atoms ia th: tairg
cosrdination sphere,

2ig, 1 shows the Missbauer spectre far various coTpoSi- .oas fea:sg-
red ol roax termerature. The solid lipe ls 2 fitted curve r.suliiag
fram o conbination of 4 Zeeman sextets and e low field part f the sp.e=
ctra, The difference between the experinental rolnts and fitind 2 Zor-
man sextets ig also displayed. Note, that la the cass of sa%ple Na1
(the lenat aluniniun) this low fleld part is vafy small.

The mest important erperimentzl cbservatlans are the follovingy
1) Thc Flsshager spoctya of the ovdered terazsy Eas-:-:i\‘lz-:s‘: alliys wihi-
kit a low (below 30 kCe) magnetic field sorponents for x> 0.1, The a»-
sorpiion ares of this part of the speetrun 4zoends on the al centert
and for xmG.J amgunts to about 3904 of the total atsorpticrn,

2) ¥agnetic fields corresponding to four Zeeman sexiets increase zlrast
lingarly with decreasiag tetperaturae, Yithian aecuraey of sur ves
the megpnetie fleld associated with thy Zow-flield conteal part of
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soectra re:alus unchanged,
5) The linewidtha cf the Zeezan sextets increase grastically with olu-

mipium contast from 0,37 mn/s fsample Nod) to 0.70 m=/s (sauple 50.3)._
Assuning that distritutions of hyporfiee tamnetic Clelds have the Lo~
reptzian shape, the widths (itted by the Zeenap sextets are within
souracy of about 20%, egnal to 6, 12 and 16 kOe [ov samples 1, 2, and
3, respeatively, The temperature dﬂacndancn of the broadening measured
for the zarple Yo, 3 1s weak, if an:, in the tem:erauure rangoe of

20-300°K,

¢) In the termerature rapze of B0-300 K the relative intensities of
the subspectra of the saxmple richest 1o alurtinium (x:ﬁ.i)do aot depand
on tempersture, ’ :

For the concentration of Fe atoms in the Besublettice, CB’ close
to 1, the velative iotensities I(1} for sextets Pe(i) can Ba as a=sily
calculated assuming statisticel distrituticn of iwpurities amzag
B.sltes, For example, In the case of saiple Ho.1 tie best agrecnent
#ith ezperiment Ls obtained for Cp = 0,97 which is consistent witn
nedtron dii{fraction resulis. Contritution f2om Fe atoms with eaviron-
ments Aifferent from those coasiderod above iz negligible {lasc than
255). One can also show that the weak flelds absewrved in IB¥sstauer sqe-
ctra caanot result from the ioteraction between Pe atoms and their
nearest neighbours (ne) having 2, 1 or { iron atoms, even wiaea a atrong
snort-range order at B=slies is assured,

An aluminium gr stlicon atom when substitwuted for Fe In ?0531
wealcepn fercomapnetic lntecaction by hreaking ome ferromagnaiic bond,
Begausk ol competing .interactions kaowa to exist in Pe-Al systen [10
and refercnaes therein] the concantratlon {luctuzations can preduce
a distritutlion of magastlc TNoments decounled ar weakly couﬁled with
the basle ferromagnetic lettice. The total voluma of such ragions,
whichh eap exhiblt low hyparfine magpetle flelds, should increaae with
incrcasing‘&l costcentration, »ezuliing ia the igerease of the inten=-



sity of the central part of the speetra. The magnetic fialds fitied Iy
sextets ipcrease with decreasing temperature while the meaa volues of
the ceatral part fs practically temperature independent. This indica-
tes that the low=fiold regions can be only weakly coupled to ferToma=
-gnetic lattice. .

" Ling et al, [11] who studied eyl S:I.1 alloys argued that en e—-
gess A) atom deforms the upnit cell apd the appeariug quadruapols ilpter=
acticp leads to the llpe broadenling, because saveral difierent orlen-—
tationg of the effective field with respect to the pgradient of the
electric field are possible, For much the sare rezson az abeve, in swch
a case, however, we would expect to observe broadaning of Fe(3) sextet
ooly, As cur data show, the broadening, is observed for all the sex—
tets, Therefore we find this explasation unlikely,

The low fleld regions atffect fLerromagnetie omes and the rasulting
magnotic nyperline structure depends on the "contact area” betseen
thess tio Rinds of regions. The inhemogeneity of the distribution of
iow=ield regicns should in turn lead to the line broadening of the
Zeznan sextets, The total volume of such regions and lohomogeneity
should lacrease with Inorsasing Al coatent apd lead to the increase of
b.th the relative intensity of the sentral part of tha specgtra and the
line broadening, This pleture is fully consistent with our observa-
tions.
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Pig, 1 The Misskauer apectra at room temperature. The solid line is
"b_\ .
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the resull at the least~zquare fitiing, Difference babizan
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THE CORRELATION BETWEEN THE RESULT3: OF MAGNETIGC CRYSTAL
STUDIES. DONE BY THE MOSSBAUER EFFECT AND BY THE NEUTRON
DIFFRACTION METHODS

Apdrze] Szytuls .
Institute of Phy=ics, Jagellonian University, Krakdw

The results of studies of tha properties of the magnetic crys-
tals by means of the Misshaner effect and the neutron diffrace
tion performed in Cracow and Warsow centers of physica are
discused; THe specid) attantion is given to the: coapleticn of
both methods;

Magnetic properties of the matter can’ be stwdied by warious
exparimental methods; Different: techniques provide complementary
informations The present paper is' on the comparison of the neutrom
diffraction and the M3ssbaugr spectroscopy methods to the. inmves-
tigation: of the following subfecta:

1; P20 fGoethite/, is one of the polymorphic modifications oxf
tho hydrated ferric oxide: /FeOCH/, The antiferromagnetism of
goethlte wan established quite recently when A, Heynkiewicz
and D;. Kulgawczuk /1/ discovered the zeeman splitting of its
Higsbauer spectrum, (Qoethite kae two internal magnetic fislds
and two critical points T4'/= 340 K and 742/a 370 K; The neu-
tron diffraction data for ol=FeODB 2/ indicate that exiateace
of antiferromagnetic collipnear spin ordering below the Néal
point T,. » 36235 Ki The spins of Iron ions are aligned paral=-
dely to the beaxis, The results of neutren diffraction data do
not agree with the Missbauver effect data, The collinear anti=-
ferromagnetic structure excludes two values of magnetic flelds
and' twe critical poimts; ;
Heuslor allovs- are the metallic compounds crystallizing in a
characteristic structure /12, type/; The orginal Heusler alloys
are ferromagnetic and based on the composition sz, whers X
is & 31 metals, 2 iz a B sub~group metal such as Al, Sb, Sn,

Ga or In, The nsutron diffraction studias of X MnZ compounds

)
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indicgke-that the Heusler allioys amer ferromagnetics with high:
values. of the Curie- temperatures /3/i The magnetic moment per

Mo atom 85 near & ppé In the case:of the CopMnZ alloys the sat-
uration of the magnetizatien reaches: 5 ,uB!atomi It suggests

that the magnetic: moment is: loes)ized on both:Mn and! Go atomsg.
The compourds CopYZ, where Y. &s 71, Zp, HE ar Nb are also ferro-
nagnetie with the magnetic: moment localfzed: only on the (o

atoms /1 pp/ f4/T

The experimental values of the hyperfine field at the nan-mag-
netio: sites: {n Heusler-aldoyss /Sh, Sh, In, Cd/ and magnetie
site Mn were measured far different authors /5/. The:cbtained
results: have: been compayexi with the prediction of Caroli-Blandin,
Campbell=Blandin and’ RKEY models /6/s The plain dependence of
the: magnetio £itld value: on the magnitude of the magnetlic mo=
ment localized' on the Mn or Co atoms was: not observed. Till now,
there: 12-no satisfying explanation of the mechanism of the mag-
netit moment imteractioni The majority of the authors that the
interaction 15 of the: long-range cheracter /74, wnlle the exper-
imental results obtained for the diluted Heusler alloys

/Ni Mn, T Sn, Tali, V/ suggest the shorterange interaction /8/i
FgSn is an intermetallic: compound of the hexagonal B55 typer
structure; It is an antiferromagnet with RHéel temperature at

355 Ki The combined MBssbauer Effect and neutron diffraction
studies: on powder FeSn semple /in the temperature range betwsen
442 ¥ and' 400 K/ indicatw: the spineflip effect at temperatures
ahout 70 Ki Tlie observed phase: trapjsitiocn is due-to the change
of spin directiom, the magnetic moment is-set along }100) direo-
tion for'T <70 K whereas at 70 K 4T <!I'.'N it 1a:diyectyd along
[210] 79/,

Ferrites. It is the group componnds with the cubde arystnl
structure gf spinel described’ generaly by the followlng formu-
la WME%2" 2% 1s & divalent metal, for example Zn°*, Fe’}
MW* . tpivalent fon, for example Poo*, AY>*, X - 0, S, Se, Te/.
The mixed spinels Zn-Ni, Zn=Li«Ti have been investigated using
M3sghatier Effiect: and neutron diffragtion method, Por z“o;a““o;a
Fezo,,' compound the neutron diffraction method indicats the mag-
netic ordexing at 299 K, whils: the MBashauean test measurements
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at 80 and 293 K inddcate only & quadtupole doublet charoteris=
tie far the payamagnetic state: /10/) Similar effect is observed
in the aase: of ZnLd, .. :lE'e,' 035x0 oompounds The results
of experiments Indicate the different valus: of Curie point with
Mﬂssbauar affect and neutron dimactian mathoﬁs. Forr X¥w0
MEL302910 Ky TH0=43085 K, x=0:3 Trom335810 K, To wh8015 K On
the other hand J.n the-casae: of /Zno gido, 1290.111?9204 compauyl’
neutronr diftracticon method does. noi: 1nd:l.ca:ha= the: magnetic or=
dering up to 4§2 K, whils MBssbauer effect method give T = au55 K,
The- obtained’ results indicabe that in the case of Thog TﬁE the:
samp]e 15 composed of the clasher af: amall dimensfion /~1m R
and it shows: a large magnetocrysimlline: anisotropy, whilee in the
case Thly T'E the olasters are of large dimensfons /~1000 £/ and
a small magnetocrystallime anisotropy iss observed.
MY’ Ge_Germanides: /M, M* — transition 3d metalw orystallize in
the hexagonal crystal: structure of the Ni,In type: The 3& metal
atoms are distributed in two sites. The Missbauer effect and
nsutron diffractionm: combined exporiment allows to determine the
magnetits structure and the distribution of atomsy The pynamidal
sites ape preferred’ by Mn and: Pe atoms, whils Co anpdt Ni stoms.
tend ta occupy tetrahedrall sites /11/4
FIE.'I',‘,J(2 compounda /RE 1s either lantanidg or actinide metad, T is
a "nd"™ transition element, X stands for Si or
Ge/ crystallize in the tetragonsl Tlﬂrzsj.z type [space group
T4/mon/, with RE atoms in the 2/a/, T atoms in &4/d/ and X atoms
in &4/c/ sites, respeotively; In these compounds  from amongst T
elanents only Mn atom has: the magnetio moment. The rare earths
moments - order usually antiferromagnetically’ or ferromagneticalliy
at low temperaturea /12/.
The M3agbauer effect measurements- showed that Fe and Ni atems
never have magnetia moments: In theew materials /13/. The
M8sabauer studies oft 51Eu 15364 and 169 Dy have the magnetic
ordering at low temperatures, /14/ In the case of EuT,X, and
GdT2X2 compounds the orientation of the magnetic moments: rela-
Eive to the Yocal fourfold: axis fo=axis/ also was determined,:
It turns ocut that in the Eu compounde: the easy axis of magnet-
izaticn 18 ologa- to the ¢=-axis, whiler in G& compounds it is in
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the basal planey
Orientation of the magnetic moments in the unit cell 1s conneoted
vith signs of B coefficients; The orystal field hamiltonien forr
@ rara earth ion situated in the: site with the point symmetry
4/mm 1s
g = 8302 » 30 + B0, + BGG + Bg0g
whare the oeaxiis of the tetragomal cell has been chosen as a quan~
tizatiom axis! The operators O and the coefricients Bfj are like
defined by Hutchings /15/7 _
According to Oreedan and Rao /16/ the positive value of the ng
ceoffictert indicates that the magnetic moment lies in baanl plane
or makes: ¢ angle with the c~exis, while the negative value of B
ooefticient indicates that the magnetic moment is parallel teo
c=axisi
The results of Misshauer- effect and neutron diffraction studles
suggest that increase in the mumbor of 4f and nd electrom leads

to change- of th‘er-Bg' value /see ‘fable 1/,

The comparison of the effective hyperfine magnetic ﬁelds-iﬂeff/
1n nw-zx,_ compounds and of the respective magnitudes- of the ar-
dered magnetic moment /u/ observed in the neutrom diffraction
glves the reiation Heﬂ.lkoe/ﬁ-eoo » /pB/. This result 18 an evie
dence for-a localization of 4f electronsi

Table 1 The values of Bg coaefficlents. and the diyection of the
magnetic: moment for RET.X. compournds,

- T Mn Fe o Wi Cu

[~ Ce : 0.3
Br | -0i07 -0:63,0° o° o°
Na
Bu 29° 44° v2°
& R° g0 a4y 31,5° 90°
Th o® . -0:3, V) o°® 99°
Dy | =%,35 =138, 26° 150, 0° +0;17, 90° +0.6,90°
Ho -0364,28° o® 90° 90°
Er- +0:67,90° 0% 0°
Tm 42454 g0° +0312
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MAGNETIC and STRUCTURAL STUDIES of AMORPHOUS METALLIC ALLOYS
with the HELP of MUSSBAUER SPECTROSCOPY

Wodzimtere ZYCH

Institute of Physics, Warsaw Technical University

00-662 WARSAW, ul,.foszykowa T5

Summary .
M3sebauer Spectroscopy is used to study the magnetic amd stru-
ctural properties of amorphous subsiancea, whose composition
was of the type PeBO—xTHszo s where T~ transition metal, The
spectra were taken at temperatures from 4.2 - to about BOOK.
The results were analysed uging Window’s method, The coeffi-
cients B in the Bloch’s law were avalusted from the data, The
influence of TM subatitution and temperature dependence ere
discussed. ‘

1. Introduction
N&Usgbauer Spectroecopy ls a very useful tool for the study of
noncrystalline magnetic solide, because it ia microscopic
measuremen%nd therefore became important method for investi-
gation of the magnetic and atructural properties of the amor-
phous iron alloys {(1,2,3,4). In ferromagnetic amorphous iron
alloye, the magnetic moments of iron atoms are affected by
nearby atoms, and therefore the internal mapnetic field dist-
ribution obtained from MYssbauer apectirum can be used to exa-
mine the atomic arrangements in the amorphous structure,
Eapecially, magnetic dipole interaction leading to the nuc-
lear 2eeman effect is a measure of the internal hyperfine
magnetic fleld, We have ztudied magnetic properties of the
anorphous foils of the type Febo-xTHszo’ where TM -transit-
ion metal : ¥n,Cr,Co,Ki and x was 6, 10, 20 at %, B - boron.
Great Interest in the metal-metalloid ferromagnetic glasses
based on Fe, may be attributed teo thelr various magnetic
applications, but alsc to the interesting theoretical aspects.
The lron-rich alloys have very good soft magnetlc properties
combined with good mechanical strength and hardness. A mmber
of studies concerning the magnetic properties of Fe-based
glasses have been reported , but there fe still a need for
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2 more aystematical research, We want to clarify the effect
9f transition metal aubstitution on the physical propertie2 of
tne Fe-based amorphous alloys with constant value of metalloid
{ip our case - B20 }. Tikis report constitutes part of a hroea-
ier research devoted to FeBO-xTHxBEO (x=6, 10, 20 )amorphous
alloys, where TH = T4,¥,Cr,Mr,Co,Ni and FeBOBZOis reference
subatance {5,606} .

2, Experimental
The amorphous substances investlgated here were in a form of
tong ribbons with a nominal width of 5 mm and thickness of
7% pm, The rom-crystalline nature of the samples were checked
by X-rays. All the spectra were recorded in the standard tran-
aiisalon geometry with a2 “'Co source in Cr matrix, The measu-
Tements above room teﬁ%rature were performed using a vacuum
cryostat with temperature stability of about I 0.2 K. Room
‘umperatures Missbauer spectrum of thin Armco foil was used
#3 a standard to callbrate the spectrometer. The results con-
cerning measurements at 4.2 K were taken from our earlier
pubiication (5 ), An apprlopriate way te¢ characterise Hiasba-
uer effect data of the Fe-based ferromagnetics is through
their hyperfine field distributlion and this will be the main
roint of our analysis, Information concerning the magnetic
hyperfine field distribution were obtained by filtting the
gpectra using the Window’s method (7).

3, Results and discussion
All alloys show rather structureless P(H) curves consisting of
a single peak with dispersion AH . The spectral linewidth,
numbar of Fourler coefficients N, and the intensity ratio
3 : b : 1 were varied to find the optimum fit, as measured
by the chisquared criterion., In some cases larger width ob-
tained is assumed to reflect the distribution of isomer shift
and quadrupole splitting that have been neglected in present
analysis as the values of the second order, The ixzfluenge
»f composition, particull traneition metals iin,Cr,Co,Ni
and temperature on hyperfine magnetic field and dispersion
of thie field is the subjeect of the report. Our experiment
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clearly indicates
that ferromagne-
tism may exist is
a wide range of
composition, whe-
re Fe-atods are
substituted by
Té-atoms, Az an

trunsmlssiOn

exanple, the MEas-

“Relative

bauer speectra and.

the corresponding "
hyperflne field -1-6-5

h S T | | | H L] 1

. 1 I | | L L
“4-3-2-1 0123456706130
distrivution P(H) “Velocity  fmms] [kGe]

at selected tem- Fig.l. The MUagbauer specita and the zormsponding
hyperfine field distribution P{R).

l

peratures for
amorphous FET4Hn6320 are shown in Plg,?, It is clear from the
overiaping broad line widths, fthat measured spectra <o noi re-
present a unique hyperfine magnetic field, because ol nonecry-
gtalline nature of sample, The larger linewidths arise fron
the superposition of several subspectra due to a distribution
of internal hyperfine magnetic fields as a consequence of ran-
domly distributed atomic enviromment around the Fossbauer ab-
Sorper atoms of 57?9. Because of the proloenged heating at ten-
peratures near Tc’ the Missbauer measurements are not ajequate
for determination of the Curies temperatures T, Tor amarphousx
alloys, Amorphous state does not show & rapid transformation
into crystalline state, but .the changes take place in sone
temperature interval depending on Ti and compesition. As we
can see, the value of the hyperfine magnetic fieid distribution
shows a gllght decrease as the temperature incresses, and it
was algso cbserved in (9 ), Fig.2, showg¢s the dependence of the
hyperfine magnetic field versus atomic number 2 {or 3d + 4s
electrona) of various transition metals that were substituted
for Fe-atoms. The measurements were performed for three values
of x and three different temperatures. The value of hyperfine
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4 £ iz inereasing with pumber of 2 (5d +45 =2lecirons)rea-

cxing a meximum for Co and has lower value for #¥i. This can

t- 2 direst evidence that magnetisation of the Pe-based gla-

# izsernined by the charge transfer between the censti-

“rente, nosentiel chauges in the case of Mn and Cr - could
;7kt from drastic changes in the loecal structural order

::inz th2 tendency towards antiferromagnetic behavior. From

I .2, w: can zes, that the highest values of the hyperfine
I.+\d nre cbeerved for x = 6, T = 4,2 K /I/ and also for x =6,

T = +I I /II/. There 1s not great difference between the cur-

Te f 1 IR/ amd JIV and ¥/, On the other hand much greater
7irfimonas in the value of H are found for the set of curves
‘T ot roon temperature for x = € and 10 /T=300K, III and

i . Che values of H for x=20 that correspond to Cr and Kn are

by
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stgnificantly lower. The alloys with Cr=20 at% is nearly para-
magnetic at room temperature, By reducing the Fe-content by Cr
and Mn substitution , the hyperfine magnetic field rapidly de-
creases, In general , H field versua Z , L.e. trensition metel
content is seen to exhibit a maximum , which is contrary to
the dependence of dispersion of hyperfine magnetic field dis-
trivution H as a2 function of 2, It ig already known, that the
hyperfine field dependes on compcsition and temperature, To
observe this trend more closely, H-velue is plotted againmst
TM-concentration amd temperature. The data points follow a cor
sietent graduwal fall with exception for samples containing

Co and K1 , at room temperature, Az we can see from Fig 3,

H varles almost lj.near-f

ly with composition,
Only the curve for Co.
content sample showga
a minimum at Te30CK
for x = 10, The values
of reduced hyperfine
magnetic field calcu-
lated from our measu-
rements ( 10) confirm
the same tempeérature
dependence as that of
the reduced magnetisa-
tion. Also higher va-
lues of B3/2 coeffi-
cients In Bloch’s law
for our samples than
Tor crystalline , wWere
obtained, Fig, 4 1llu-
strates the correlat-
ion between hyperfine
magnetic fleld and the
mean magnetic moment
per Fe-atom (6)as the

ple]
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Fig.4, The correlation between hyperfine mag-
netic field and magnetic moment per Fe-Atom
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function of Z of the transition metals substitute%?or Fe-~atoms=,
The influence of TM-addition on properties of amorphous alloy
appears to be very interesting problem Ilor theoretical conside~-
ration and practical applications. The lacal short-range ato-
mic ordering as well as the temperature ol the giasses may con-
tribute to the etrength‘pf magnetic interaction as it is seen
from our results, But futher systematical experimente are
desirable to clecar up various viewpoaints, The authoer would

like to thank Doc.Dr.J.Suwalskl and Dr.H.dukasiak for very
helpful collaboration., The amorphous ribbons were produced in
Institute of Material Science of the darsaw Technical Univer-
sity. This work was sponsored by the Pclish Academy ol Scien-
ces in the frame ¢f the Scientific Program MR I1.4.11. and

CPBP 01.04,.11.
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MOSSBAVER STUDIES OF ISOTROPIC FERROMAGNETS IN CRITICAL REGION,

K. Brzézka, M. Gewrenski, K. Jezuita,end J. Szlanta,
Nepartment of Physles, Technical University,
Malczewskiego 29, 26=600 Radom, Poland.

Mossbauer experiments measuring the statical eritical expo-
nant p and the dynamical exponent 5 in the 1isotropic
ferromagnets are reviewed. The results of our experimental stu-
Zies on the critical behaviour of Fe are presented and compared
to that obtalned by Kobelssi.

1. Introduction.

Ir. the last few ytrs the statics and the dynamics of lzotro-
sic ferromagnets: Co, Fe, Ni, EuD, Eu§, and nominally isotropic
‘re G4, around T, has been of considerable experimental and
wnesretical interest, The c¢ritical behavieur even in such
1igrle systems, whilch may be good examples of theoretlcal mow
Jols, Is still an object of controversy, To obtalne a unigue
nicture all experimental techniques, especlally M3ssbauer
spectroscopy, are Ilmpeortent becnuse measurements are periormed
cver 2ifferent critical regions and glve direct information
abcut various critical exponents.

The MOoschauer effect was used to test the predictions of
magnetic critical phenomena, bath in the area of statics and
dynamlcs, under the following neot trivial assumptions [13] ,

= The hyzerfine fleld th is broportional to the magretica=-

tion .

Hh*('T) = comyt, M(T) /4

~ The line thape is a Lorentzian and the line brozcening
Al 1s preportlonal to the spin autocorrelation time T

ATH(T) = const. ¢ (T) 72{
Wwork supported in pert by the Institute for Low Tempera-
ture and Structure Regsesrch Polish Acedemy of Scliences under

Programme CFPBP 01.12-1.9.5.
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Careful measurements of the statical critical exponent f
and a determination of the dynamical critical exponent Z have
veen made using the scaling relations (2]

M) = A0 . T =%t  w=viady 13/

where { 13 the reduced temperature , d =dimension,
v and r[ =the statical critical exponents.

Table 1
Mossbauer nuclel useful for critical studiles,

Isotope Trans= Parent Natural Exclted State Sround Stsite
ition hal’= 1line-

Ene r?y 1ife width Ie. /u.,, I§ /_}

/keV¥ [days/ [exn/s/
1819 6.2 140  0.0065  9/2 5.4 7/2  2.25
ke 4 270 0,19 3/2 =0.15 1/2  0.09
¥y 25,8 7 0.37 7/2 0.59  5/2  «0.7
1%n 23,8 250 0,63 3/2 0.67 1/2 ~1,04
e 216 120 1,44 7/2 2.58  5/2 3,46
495 22,5 106 1.60 5/2 ~0.62  7/2 =0.65

Méssbauer spectrogcopy has a nusber of sipnificant advan®a-
ges over competing technlques [1, 3]. This method offers the
ability to:
~work in zero applied field bhelow and above Te »
~observe the effects of critical fluctuations below and atsve T,
=utilize samples of very small size, so that problse-z from

temperature and compositlonal honopgerelty are ninizize:,

But there are the disadvantagzes of this methsd tana:
«limitation to local magnetizatlon effecis, with ra 4irazs

ability to probe the size of ¢orrelated rerions,

=limitation to the wave nucber cL- aver::ge.—é corralation tires,
g0 that the exponeit W , not the critical exroreat z
ia directly measured,

=limitation to a few radioactive probe atomrs, listed in
Table 1. c13 .

*
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2. Review of critlecal uv=navisur in isovTepic orvivagne .,

The first Mésabauer studies of magmetic ~ritlenl riernonena
were done in Fe by Preston, Hanna and Hebeorie {&Y, towevsw
experimental determination of critical exponents in fer-:oi,ge
nets requires precise measurements very close e U
resolution of Mdssbauer lines. From all MSzsbauver erperirents
presented in Table 2., only re. mt exnzriments i e 2ni U1

were dislgned with sufficisnt attentlion %o sarple and torrerz=
of madal redictiors

with good

rure homogenelty to permit declsive “ostro

Tatle 2.

The critlcal exporents B and = for dsatravis Ierpomacnets .,
TET, Material Range int a Crigp e
Fe Fe 10741572 T2,
Fe” e 10™3.107? IR :
-“eq?F 1c=4.a0m2 S AR ¢
Felre 10%%.102 RRC Iy 4
Fe ?F‘e 10%2-2 107 ST 7
n127pe 10=0 0" co3ma feny o
£u0’ ey 10~210™" STV 9
N1 sn 0.625 10
Theery: d=3 Heisernberg system O,365 11
T>T, Material Range in + RoRrerce
= =5 =
e e 107°-5.10~¢  G.62 /13/ 1.9% /ig/ €
Fe’ 'Fe 5-10“"-= 10> ©.e2 [20f 2,17 (23 12
NPTre  s.10%e5.907 1,0 sy 2,50 /15 1z
x177re 10745102 0.71 j2t;  2.05 /3¢/ 14
Theory: d =3 Heisenberg systen 2.5 2
spin nonconserved Systenm 2.0 by
The dynamical crozsover of the exponents L or Z was net

observed, contrary te other techniges.

3. Statle and dyramic ~ritical behaviocur in Fe,
Qur Méssbauer data on Fe [7,12] illustrating determination
of the statlical and dynamical exponents, ard the correctlon %o



scaling form belew Tc
M) = Atf(A+ath)

»re shown in Filg.Y, and-Fig.2.
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M -‘( } ! H
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Fig.2. Determiratlon of the exponent &r zbove Ic for Fe,
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In contrast to Kobelssi, we ¢ ) ih3 second te.m in /H;
as a correctlon term to the ssymptotic critical behaviour/3/
The comparison of both results is shown in Table 3.

Table 3, .
Correction to scaling below Tc for Fe.

Reference Te p A a A
é 1043,05 04367 552 -0,.458 0‘55£1xed
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MUSSBAUER STUDIES OF STATIC CRITICAL FHENOMENA
IN AMORPHOUS FERROMAGNETS.

K. Brzdézke, M., Gawronskl, K. Jezuits.and J. Szlanta,
Vepertment of Physics, Technical university,
Malczewskiego 29, 26-600 Radom, Poland.

Missbauer experiments measuring the msgnetizetion expo-~
asnt ﬁ) in the amorphous ferromagnets are reviewed and our
experimental studies on the static critical behaviour of
Fe40Ni40311337 are presented.

1. Introduction, .

The nature of the ferromegnetic-peramagnetic transition
in amorphous ferromagnets has fascinated both theorists and
experimentaliste for more than e decade now. In the recent
roview . papers b.g]the preaent oxperimental dats have beesn
te-analysed by Kaul and compered with those previously repore
ted on crystalline ferromagnets and with the predictions of
the existing theories. We focus our sttention on the M3ssba-
uver studies of static critical behsviour of emorphous ferro-
megnets,

"re Missbauor spectroscopy hes been extensively used te
understand ferromagnetiem in amorphous structure [3]. The
first Missbauer measuremente [4] an amorphous Fe=-P=C alloys,
indicated a sharp transition et the.Curle temparetura Tc'
were reported in 1968, However only'The few works [5—10]

a quantitative analysis of the critical behaviour was carried
out to data. There ere many difficulties, especially the un=~

desirobly large uncertainly in Tc and the poor spectral reso-
lution caused by & progressive smeering of the already broad

inherent linewidths due to the increasing width of the hyper-
fina field distribution P(H) es T—T [1]. The true asymptotic
velues of the critical expoments can be determin€d when

the experimental date are fitted to the sceling reletions in

-T 2
the geymptotic rangé of the reduced temperature t= ‘T' < 2407
£

wwerk supported by the Institute of Physics Palish
Academy of Sciences under Programme CPBP 01.04.11.1.10.
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L. Hagnetization exponent 5 of amorphous ferromagnets
from Mossbauer measurements,
Tne Mdesbauwer effegt technique is one of the dicect and
accurate methods of determining the static critical exponent
5 charscterising the deviations of the spontaneous magneti-
zation N from its value et Tc via the scaling relation

M((tYy=M, tf /1/
A iLingar relationship Letween the hyperfina field H(T) and
the magnetization M({T) ae ToaT_ i weed to deduce M[T] from
the weasured H(T‘ + All 15 values determined from Mossbauer
meacuremsnts using the relation /17 are presented in
raple 1 3],
Tﬁble 1,

Th. eracinal exponeat f for amorpncus fecronagne ¢.

CLoania) Kange in ¢ Jil keferc. cx
odee 53ty 0n 810 2ag- 10" 0.31 72/ N
"‘Ht‘éd”i? 9- 16723 12071 0.34 2/ 6

Fe_ Py oCog 3-10-2-6-10‘1 0.33 /S/ 7

Feg.es™lp. 3575505 17 2072-5:2070 Q.42 /14/ &

Fe 10%t 407 14% 3-10'§-6-10'1 0.32 /5/ 2,9
FegoNigoCry Py B a-107>-7.30~1 0.40 /3/ 10
Theory:
d=3 nerranberg order system 0.365 11
extrime disordac Jir )t 0.50 12

Kaul {as cancluued (1: e, -

- width of the asyapratin critdcsl region in 3d amorphous
transition metel-m2tr1)3id elloys is of similar magni-
tude in both cryaral™ine and emorphous terromagos,

- the values of 2 .~ a-ch alloys tends to oe slightly
higher thar tar vieiown in crystalliee ferromagne s

Heisenberg wodal.
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3, Static critical behaviour in amorphous ferromagnet
Fe4oN14OSi1357.

A peries of Mdssbauer measurements wae performed, in the
tempereture range 300~700 K , on the alorpﬁous Fo‘oﬂlwﬂna7
/VITROVAC 4/ in the form of continuous ribbon 10 mm wide end
ebout 25 um thickness [13]. The sherp traneition from ferroma-
gnetic to paremagnetic phase is observed near Tc=509.6 K.

The cristellisation process begins & long distance of Te
above T=690 K, This property ensures that metastable smor-
phous stete is not disturbed while studying the ¢ritical be-
heviour nesr T_[2].

Hoesbauer spectra of Fe gNi,,Si, B, at temperatures below
T. axhibit well=de fined but broadened six~line petterns. As
2 firet atteampt, we have fittad the spectra to six Lorentziam
pcaka, characterized by a mean hyperfine field Heff/T/, with
e Lorontzisn field distribution p/H/ [14]

A
PlH)= sy /2/
It sceems that the foramula /2/ adequatly deecribes P/H/ in
amorphous transition metsl-metalloid elloys as T—QTC. The va—
lues of Heff/T/ obhtained from tha Lorentziesn peak fit and the:
values of the ratios ﬂ./Heff(T) are shown in Fig.l.

The scaling relation

Heg () = Hy t?
was used to deduce the exponent 8 from the measured Hy g/ t/ s
The wvaluee of the Curies temperature Te = 509,6% 0,3K and the
critical exponent A = 0.55% 0,03 have basn derived from a
three paramater leaast-square fit to a Simple power lew /3/ in
the asymptotic range t = 3-10'3 to 2.10'1, As was shown in
Fig.2, the width of the ssymptotic criticel region for the
exponent P is much wider than that in the cristalline Fe [15],
in agrsement with the theoretical prediction [16]. The aobtal-
ned velus of the critical exponent P = 0,55 i3 reather unex-
pectad. '
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Investigations of Crystal end arnetle Properties
of the (Fe V,  ),Al ..lloye

J.J, Bara, 8.F. Bogacz, T. Eendecki® and W. Zarek™

Institute of Physlos, Jagellonian University
Reymonka 4, 30~059 Cracow, Peland
*Institute of Phyalce, Slieslan University, 40-007 Katowlce

The new aeries of cold-worked alloys (FexV1-x13A1 were
geynthesized and lavestigated by the f-ray diffraction, meg=
netcmetric and M¥egbaver effect nethecdo. It wes found that
incremse 1a irean conceniratlon csuses continuous traneition
from atomicaelly digsorderad A2 tyje crystel atructure /x=0, 0.17
and 0,33/ to crdered 32 type gltructiy. /%0 €7/ and then back
49 A2 twpe gtructure /x=1.0/. The x=0, C.17 and 0.3) alloys
are Paull peramagnets above 4,2 K, while the lron-rich compoal-
tiong /x=0.83 and 1.0/ are ferromsgnets with Curie temperature
502 € and BQS K, respectively, Broad line {#sabsuer gbsorpticn
patterns and distributione of hyperfine interaction parameters
are conelatent with crystal disorder within sublattices.

1. Introduction

The Fe-Al alloys, depending on the aluminjium concentration and
thernal trestment, may erystallize ianto three types of crystal
structure: A2, B2 and DO3 /1/+ Each of these structuresexhiblt
cuble symznetry but differs freoo each other in the degree of
atnmlc ordering of the crystal lattice,

The V=Al alloys prepared by erc melting from a solid solu=-
tlons of A2 type crystal structure /2/,

Up to now, apart from the Fezval composl tion /3/, no inves-
tigationg on Fe=¥=Al glloys have been reported. FPresented here
are the results of ilavestigations of the polycryetalline
TFexV1-x23AI alloys performed by the X-ray, mognetometric and
M¥szpauer affect methoda.
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ce bxperizental Zetalls

“elyerystalline {Fe V, 13A1 alloys wiih /Q< xs1/ were pre-
mered oy arc melting from stoichiometric ouantities of the

~tarting met$als in arson atmosphere. They were quenched from

iiquid stats ontc weter cloled copper plate. Investigetions of

srystal structure were performea at room temperature on pow-

dereé sauples bty the Debye=Scherrer method. ulzznetic meesures

sents were carried out st tenperaturee from 30 X te 11CC A in

n

E
’TPe K8-sbaucr emboeorption gpectre were recordea tolh

n sagnetic field up to 1,2 T using the Farazday metnoed.

(i)
o
]
1»
Q
H

and liquid pifrogen temperaturc using 57Co/Cr;’ sQurce anc 2
cangtant acceleration [A¥ssbauer specuromeler. a hizh purity

etellic irvon foil wgz used for velielity 2elibruiism of e

r 1.
wU¥SE L

sere 9rid Lo Gerive from W8ssbeuwer mbsorplion spreoisa o

suex gpect; 2 .eter. The least sgueres compul.r . ro.

calugE ¢ Jistridutions of hyperfiane 1lnteraction purizuzier..

3. Results

I'he A-ray phase analysieg have ghown thsi 8ll samples were
single pnesce of body centered cubic structure but dificrs from

cach other in the dégree of mtomic ordering of the crystal

lattice. rig.1 shows how many percentezec of rco /Y, ai/ =ztcxo

Jacupy the D-gites ia the crystal structure. Tne x-03.{7 coxzpo-

~itien iv nearly completely orcered, Yhe lattice coagtant of

tne investisaiew alloys decreases nonlinecariy with increase iz
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¥agnetlc investigetions showed that io the measu:rcc tempersture
renge magnetic susceptibllity of elloys with x=0, 0.17 and 0,33
ig independent on temperature. This sugests that they are
raull paremsgnets. At temperatures ebove B0 K megnetic suscep—
t1bility of the elloys with x=0.5, 0.585 and 0,67 decreases with
increasing temperature, thus indicating the apparence of iron
Tz25netic moment, but does not obey the Curle-VWelss law, 4l tez-~
zeratures ebove 80 K the x=0,75 alloy does not exibit a long
stie regnetic order but shows & strong field dependence oi the
magnetizatlon, characteristic for superpasramagnetic ailoye. The
=iloys with x=0.33 and 1.0 are ferromagnets with Curie tempera-
ture T =502 X and 808 K, respectively.

sSome pelected 57Pe Alsabauer absorption specira recorded for
;Pw?V1_x33&1 alloys at room and .iiguid nitrogen temperatures
ar . cbown in Fig., 2. Fig. 3 shows verietions with composition
o igomer gshift and guadrupole splitting.

4. viecusBioa of the reoulte

stractural investigotions of cold worked (Fex71-xJ3A1 elloya

have siown that incremse in iron concentration causes the con-
tisaoug trangition from atomically disordered structure of the
As type /x=0, 0,17, 0.33/ to ordered structure of the 32 type

/x=G.£7/ und then batk %o the A2 type structure /x=1../. Thic
onceniration dependent transition may be a result of conpeti-
ticsn among the Fe-V, AL-V, Fe-Al, Fe=Fe, Al=Al and V-V bounis,

Lyl

anaiyesis of the results of megnetic investigations coows
that local enviroment of iron mtoms hes great influence ou nag-
nevlc¢ prapervies of {Fexv1_x}3&l alloys. TFor low iron coxcen-
tretione the iron atome do nat possess maganetlc moseats cince
natoer of zeznetic nearest aeighbours at & given iroa sitc is
very small,  fhe appearesce of maznetic moment on ironl atexm is
agacrated with 1te 2t least six iron nearest rei . .tourc.
iz is fully realizec in alloys of highest iron ceoacenirnsd
...¢ pregence of both nonnagnetic and maznetic iron atoms in %
crystal lattice of intermediate compositicns results in Curie-

Jeiss mad band contributions to asgnetic susceptibilicy.

o
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The broad line M¥ssbeuer absorption petterns /Fig.2/ and
digtrisutions of hyperfice interactlons parametiers are con-
slatent with crystal disorder within sublattlces. The line
brozlering 1s due to the fact that at a given concentration

the

of

ieon tne values of isomer shift, quadrupole splitting and ny-

perfine magnetic field for a perticular 5TPe atoms depend on

the number <f Fe, Al and V atoms that occupy the nearesteneigh~
bouras gltes., The 5?Pe M3gsbauexr effect laveatigations confirm
the magnetometric data according to which all sompositlons but

hq\ x-O 83 and 1.0 sare paramagnets
. "‘m‘ﬁa'-“ f et room t{emperature. At 7d «
! the hyperfine magrnetic fielc wes
, , f'tﬁnﬂ“""w‘ found for x»5.75 compasitions.
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The WM¥gebauer absorption patterns recorded st 235 d for
x5 0,75 compositlons can be well described by gquadrupole
doublets. VYariations wlth composition of room temperature
isomer shift and quadrupole splitting velues are smooth and
very emall /Fig.3/. The quadrupole interaction is observed in
spite of the fact that the crystal lattice of rpexv1~x)341
elloys is noxi. 2lly cubic. This is because randoa distribu-
tions of Fe, Al gnd V m¢oms at the lattice sites cause depar-

E . - [Fo¥, )AL ° tures from exact cublc symmetry
T AP about the Fe atoms, It should
fau ¢ ’ * be noticed, however, that both
50_ Co, ot isomer shift and gusdrupoie
- < — gplitting values are not mucn

g“” influenced by the desree ¢f
i N crystal disorder,
Ec\l- ! 1
E ﬁ’::: . Flg.3. Variations wiih compo-
3 | pition of igomer shilt and

a o5 * 0 quadrupole eplitting.

INOm COMCENMTRATON X

Ine behavicur of W¥ssbauer absorption patierns ae function
of iron concentration gives some information on magnetic or=
dering of fFexV1_x)BAl alloys., At 78 4 magnetic orcerizg
seeas to stert in x=0.7% composition and ie fully evivent Lo
x=2,83 and 1.0 ones.

Further investigations are in srogress.

Supported by project CEBP 01v.12
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HOSSBAUER OBSERVATIONS OF THE MAGHNETOACOUSTIC ECHD SIGHAL

A, Kotlickt
Institute of Experimental Physice, Warsaw University,
00-681 Warsaw, ul, Hozs 69, Poland

An experiment to observe magnetoacoustic echo signals
by the MBssbauer technigue is described, The absolu:e
value of the atomic vibration amplitude corresponding
to the echo signal is measured, The simple model of
magnetoacoustic echo etfect is reparted,

This paper describes the firat Missbaucr observation »f an oone
siqgnal [1}, It has been reportad[?_d] that in some cates rhe ceng
sinnal is due to the magretostriclive oxCirAPicr o! CIESTLIC wov - -
the material, the regponse of which is nonlincar. Tam object c¢f on
experiment was the confirmation of this suggestion and the mesore ot
of the absolute value of amplitude of nuclear vibroillons 25800 e
with the echo signal, An electronmic systern was desiagned o stor U
¥ -ray counts detected in @ preset time interval aiter the exec: .ac
r.f, pulses in the guarters of the memcry of a rultichannel ean: sfer
(fig.l). The counts corresponding to the time ar1 wore stored
the first quarter of the analyzer memory, the ones correspondin
é&tz in the second quarter, otc, The M8ssbauer drive was synchrorico:

with the analyzer in the conventional way so that each quarter of th:

memory contained the full Massbauer spectrum coarresponding to the

state of the sample in the chosen
g time interval efter the exciting
8 r.f. pulses,
E . It has been shown by many
& workers (see €.9. [5,6])that the
‘ lﬂ'I "2 . us_ai'.a_ N
et . MBssbaver spectrum of & sample in
O 4 8 r 6 20 M 20 = e ‘ . .
£r9.1. Tumang of €.f, pulses and Lims in- which acoustic vibrations in the
LAIvals corrusponding Lo srored RumAser 20-200 MHz range were excited



contoans sidrbands or sarelire lines sepsrated from the main lines
=y or energy Na' , where o is the frequency of vibrations., The inten=-
«1*. nf these sidebanus is well described by 2 modulation index
m= x_sA , where Ais the wevelength of the ¥ radistisn over 2N and
he value of 0,137 2, and X is the average amplitude of the
nuci2ar dispiacement due to megnetoacoustic vibrations.

fne patural iron foil samplee were cut from & sheet of natural
wr i rolled to & thickness of 15 um  and annealed at 1200 K in
vidrpen, These somples wvere used as the stationary absorbers and
core nlzced inoa heliced coil which copstituted a3 part of the ro-
st oeircuay oi Y generator, Yhe r,f, field was applied in rthe

ol e sanple, Tie neosuresents were med. witn a conven-
Doorsl CORSt T ACColoration ribsclouer spactrometer, which uvilizeo

¥oa owtedree e nuloigosler analyzer in the multiccaler mode and
. . - . BT , . . :
orse sboni T af Cooin Or,lorontzign winc ahapes sere fitred
ey pvnemieont ko points ond the line instansitles weroe uscd ro

vrue the volue of the madulorion index[47.

e e mmem m e e In the run which the

Strongcst echo siqnoal

angd fourshy IV

-
3 was obscrved, ¢ pe . f,
=

Z pulses scparated oy

= 4 ps intervals werc

oo anplied, Tna time

wut

o intocrvale correenondiac
f). .

L” to the firetr I,

zZ . e we
5 cpccna IX, cfRird T
[}

)

auartcrs of the zono-
Iyzer =cmory oroe nora-
wed in fio,1,  Threoe
SOLIFALG FUnNG WOre por-

Tor-es far each nulsc
C

lzrcth ang =

one Wit~ botn ¢xcl-



ting pulses, one with only the first gulse, and one with aniv  the
sec~nd pulse, Such 2 sequence of rune allewed the r,f, 3ideband
effcets originating from the acoustic wvibratior decay {:liowing =ach
nulse to be distinguishad from the real echo coffsct,

Fig, 24 shows the MBssbruer socctrum obtained in the time -cnior
16-20 us after the sppli.ation of rac 4 ps r.f, pulses starting at o
ue and B8 us, The r,f, sideband modulsrion indsx Tor this speocirud s
5,74 1 0,05, as compared with €.00 2 0,05 snd C,54 = 0,05 for tha
-upctra obtained with the first and second pulse only, ©ig.28 shows
the Mbssbasuer spectrum obtained in the time region 20424 us. The r.i.
wranpand emedulation Lndex for this :spectrum is 0,24 I 0,05, as com-
parad with 0,00 % 0,05 and 0.25 2 0,05 for the spectra obternud of -
the firgt ond second pulse only,

1t i5 ¢lear that the spectrum observed in the time interve: <c--
responding to the ccho reilects the actual increase of the amplitudc
2f the atonre vibrarions in the direction perpendicular to rhe nam-
pie, This auplitude of vibrations was moasured to be abaut 4 tines
sraller than that observed while the r.f. pulses were applied. Tr:c
1s consistent with the values observed uwsing cenventional NM3 techne--
cues im lithium ferrita[B].

From the point of view of Ffuture applications of this ecffect 13
is interesting te describe the formalism given by J.tyclelsii,one
can uzilize in troating the probiem{6]. Let us consider the systen
1n which one con excite the vibratians in the broad fregquency renc:,
‘¢ exsite in rhis system vibrations the zmnlitudes of which arc
given by the normal distribution,

fl{w)= —mé_,—mexp [- b 2(aw)?]
whare T'-" >, [»';))L-E and Jrf {w) dw= 1,

- -

In the case of exneriment described above & is the freguency of the

sulecd r,", field and fh is af the order of pulse length, After theo
-k

tws cxsiting pulse cpplied at times t=Q ond t="7 the amolitude of
e atom corresponding to froqueney W + AQis given by

x = E cus[(&.‘ +&¢b)t] ’ E[l - dcos[(ﬂd +-’-'ICIJ)T]}COB[(“J *ﬂwl)(t ‘T)]



L is descriping the inreraction of pm,f, field with acoustic vib=-

retion and® :ts related o the nonlinearity of the system and mea-

smpalatode

surcs how the

vibretions excited wilith second pulse dep-
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deiivelelski, private communication,

enas on the smpiztude of vibrstions existing in the system, The danm-
ping ¢f vibratigns was left our in the [irst approximstion,
From the oxperimental peint of view we are interested in the ave-
~ae value of the viorations onplituno carresponding to all excited
ir.quencies (
vy o« ik fi.'fat-c;:l d Al
~ - "
R ietegriiion nives
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Thiy retrltiely sienLe nndel indieetes that the oohic -0 Jcgrenont:
AV ouAvVE To%.e anterestane infornation about the nonlaiccsraty oF tive
syaton and conmequently of the intersctions betwoon the stoustrs
ite Tgrther dioprovenent of the aodel parvicularly incluawnc tac
eotasie of Toe vibrations mizht bBe necezsary,
< uthar is indebred to Mr.S,Fijolkowski for the o2zseably ol th
S wvam and for technical a2ssisvanece., This wori wac syppir
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SHORT RANGE ORLZR IK AMORIPHOUS METALS STUDIEL USIRG
THE RP COLLAPSE EFFECT

Michal Kopcewicsz

Institute of Experimental Physics, Warsaw University,
00-661 Warszawa, Hoza 69, Pcland.

The fast magnetization reversal induced by the magnetic radio—
trecuency field causes the collapse of the magnetic hyperfine spli-
t+ivg and leads to the paramagnetic-like spectra in the ferromagne-
12 state, In order to observe fully collapsed spectra the frequen-
vy of the rf field must be higher than the Larmor frequency and the
jat nsicvy of the rf field should be large enough to overcome madrne-
t'c .nisotropy field, so that the switching time of .magnetization
Svvorval will be comparable to the period of the rf Tield. Than the
magnetic hyperfine field experienced by the Mdssbauer nuclei is ave--
raued to zero /1-3/. This effect, called the "rf collapse", allows
to saparate magnetic dipele andklectric guadyupole hyperfine inte-
ractions and makes possible to ¢bgerve directly the guadrupole spli -
1ing doublet (QS) in the ferromagnetic state /4, 5/. Since the qua-
rupole interaction provides more direct information about local

(a3

Q
structure than magnetic interacticn or iscmer shifEt, Q5 is a useful
probe for the short range corder in emprphous metals.

The rf collapse effect was employed to study QS distributions
in iron based amorphous alleoys such as; FeQO-xSixB1O’ Fe84-xsix516,
FexNi75—xSi1OBIS’ FeTSSixBZE-x and various FeB, FeNiB and FeNiSiB
{6-9/. The tf collapsed spectra were obtained with 62 MHz, 20 Qe
rf field. They consist of an asymmeiric broadened QS doublet. The
distributions of QS5 were determined using the constrained Hesse-
Riibartsch method as descrihed in /10/. To account for the ohser-:
ved asymmetry of QS doublet the linear correlation between isomer
37t and guadrupole splitting was introduced. The average values
of Q5 and IS5 were extracted from the distributions of OS.

For the series of samples investigated the following .general
trends were ohserved: (1} 0S5 decreases with increasing Fe content,
(2} isomer shift IS initially decreases with increasirg Fe concen-

12%



tration than begins to increase again for iron c¢oncentration absve

about £0%, (3) for fixed metal concentration IS decreases with in-

~reasing boron concentraticn, (4) Q5 decreases initially when boro
- is replaced by silicon in Fe7531x525-x' {5} asymmetry of the QS

doublet increases with increasing Fe concentration. Furthermore

05 shows clearchanges of slope as g function of camposition for

F:8ill series (Fig. 1}.

& i
[mmvsi [mmss)

S - 0
Fo.se 1% \ -

+0.52 \%\i\,\ s -0
H0 5C \‘\\’4‘,

0 48 -l 2

-]

6 0 75 80 ES 65 0 15 80 €S
C_:, E’o

Fig. 1. Variation of average guadrupole splitting GS (A}, and
average isomer shift IS (B} with iron concentration
(@ - Peg, . S4, Bycy O - Fe 8L B..?

9O=-x""x" 10
For Feg, .Si B,. there are "steps” at 73% and 81% of Fe, and for
i - G a 71 B/ ic-

Fego-x51xB1O at 76% cof Fz 77,B/. Such changes of Q5 are predic
ted by the sctructural mzde! an? reflect the changes of short range
order in this alloys /%1/. When $i is introduced to FeSiB it takes
Fe positions with no beron nearest neighbours. When all such pla-
ces are filled than the sitructure changes to create new Fe gires
without boron as nearest neighbour. This leads to different ic.cal
symmetries and hence to diffeorent QS. When Si concentration s
further increased the next structural change occurs, ohserv:?! 'n
the experiment as a second step in EE vs. Fe concentraticon ..

In the case of amorphous FexNi75_x5110315 alloys 8 deirccszes
continucusly with increasing iron content (Fig. 2.}. This suagests
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the gradual change of short range crder from Ni-rich to Fe-rich
compositions related to stronger chemical interaction between Ni
and B than between Fe and B,

G617 i

0,601

s

558

e
.

LR i §

€ 52 %}4,1

L1

Fie. 2, Average quadrupole splitting §8 against Fe concetraticon
for Fe Nig {c - determined from rf collapsed
spectr§ x fr&% pgramagnetic spectra at room temperature) ..

The results obtained show that by using the rf collapse effect
reliable information about guadrupole splitting in ferromagnetic
anorphous alloys can be obtained and provide valuable data about
shert range order. Q5 distributions are very sensitive Lo even
small changes of the local structure which can not be seen in dif-
fraction experiments. It is therefore important to use the (5 da-
ta from Mdssbauer experiments when testing the structural models.
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Coapariaor, of X-ray - e Coincidence and Joncoincidency

Corversion klcctron A¥saca.er SLeltra

Jd.ds Bare snd B.¥. Bogacz

Institute of Physica, Jagellonien University
Reymonta 4, 30-059 Cracow, Poland

The performance of the X-e& coincidence technique for reécording
depth sensltive 5??e CEMS ppectra wae lnveatigated.

t. Introduction

Conversion hlectron I'¥sabauer Spectroccopy /CENS/ ig in-
cruagingly being used, us s nondestructive depth iﬁtegruted
o depth gensitive tent, for $ho anliyele o fne serface
tayera. The derth integrates beshaleds oo ool lavle Zur Lhe

Larfaoe

identificatior of the chenmtice]

taoyers. In this wtiered erecbivns

vre detected oy an : counssyr. For the
c-
B . . 5 P
"¥e iscstope, sncas: are fnoe Leshell /3.5 o4
1

mnd a-3hell

£7.2 keV/ poaversion elegcirong ao I mes toe =Ll /3.5 geV/

»
23d L=l /0.53 weV/ Auzer elcctrons. The inscasity revice znd

the energy distributions of these originzlly monoenergetic
teoams 0of electrons are changed during the electiron intersctiou

e
1n the scatterer. Trhe conftribution of each surlfsce irye> to
the d2pth integrated Chud spectrum ori,inetles fron a Te
tro.a beazs of different energies and thus of different penetre-
tion depth., Thip complicets intevoretation of the aepih inte-
srabed CELD spectrum. ’
In 8 more detailed surface analwals the denth sensitive
technique is uszde It 18 based on knowledge of on elec
ergy diatvidbutian po a funciion of cepth in the cratterer,
Y=shell conversion electron iine is usually sslecied by

]

licasion of an elegctron sgsctrometer gnd the correlatioa be-
electron energy loss and the electron depth of the srigin
1y odellized in deptia profiling MYssbauer studles. The depth
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sensitive sechnigee is tipe consuming due to very low trensmis-
-ion of 2 eleciren speciromecer, Tnis liwmito wide applice-
viong of that technique,
Tne use 91 tas :e’0H, Tlow proportional counter and the X-e
CEMS studies offers wome sort of com-

Jronice between the depth reaciution and the spectire slorage

.
I.'.
coincidence tecanique in

time, The purpose of this papor 1s to investigate the -erform-
ancé 9l the He/CH‘,L fizw gropertional counter and the i-¢  coin~
cidence technigue for recording wecth sencitive >TFe CLuS

rsecera,.

.. wxyerlLsental techndque

ive ¢'Ch propsrtiongl counter has widely deen ased in deptin
_'_“';fr"-.:_‘E Chete Lnvestiguticns. This je meinly duc to i1z hign
isltiak clliciensy ens 2% gecmelry Iur scatterc: clecirors,.
v new tne esergy resolution of the Hcfvﬂq proporiional
Lenter wad o dhaught to be very poor and thercfore 1t waa not
‘aden into agcount in depth integratea Cnild investigations.
Lowever, the eunergy resolution of the He/Cii4 flow proportizsnal
counter is about 17.7» for the 6.36 keV electrons /1/. 'tThise
allows gelecting at least four noncoverleping enercy intervals
within the 0 to 7.3 4eV energy range and studyine deptn sen:i-
nivity of the CLdd spectra /2/. Iven if depth sensitivity 27
it couater 1s net sufficiently good for depth prefiiiag Couiu
Levaatiguiicons one should Kxnow how the experimceatal condiiiens,

ng ol discrimination levels or instability of Loz
t  the resulis.
41 crder Yo izmprove depth sensitivity oi Lhe :—h:/t.ﬁ“.I 1low
crosariional eountor one should eliminztie all conirloations Bus
caeanell o conversleon-clectron oac 1o the Cied sotiira . This

neptore wole, without s large decreazc In the countiss rote, by

sralicazion of the #-¢ colncidence technigue. Gor
Yo nevysuned at rosm tesserature usiow o “lGe/lry vowren 2l
T3 0talr neegleretion L Hsshauer gpeciromitor. U PRVRN STSTERN &
neLouIS WEDL 4o&6 in the cxperiments: o 0.7, el et
=valo.ees sieel 21l and 50,6 D?ie enriched husatite and
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magunetite layers on an iror suhuirate. 2 oo-len Laier of
hematite and megnatite wag prodiced o ox L.ing an iroa ol
at 623 K in 1013 hPa of air for 3, asurd. Heaatite wec Lo
top layer, magretite was ine second leyer azd the iron sub-
straote was the third leyer of the { veoti-sted scaillerer, The
iron foil was nelither polishe¢d ro nnuyesled prior to oxidizine,
Al One=wire He/CH4 flew proportinral couniter wee used for de-
tection of electrens emerging from =2 scatterer aurface, Cop-
version X-reys /6.47 ke?¥/, produced inside the scaticrer simul=
taneously with the K-:zlell coaversion electrons /7.3 keV¥/, were
reglatered by an ﬂr/CH4 proror.ional coirier wnisn was pleced
Jast nenind the rescnoant exntterer, The J-ray polgen wire used
for coincidesnce purpeses /Y, 2/,

‘. Regults and ailsSuco.orn

Ir order to show ihe performencs oL (l.2 w-e  £OL L, S al Lela-
noque for Chas dnvestirmtiecar the ae oo ceounnsoe oantv! oa-
tion to the elcedron palme-nci ks goctir. . . 37 Lo woainles.

sveel peatterer/ wes determuined fz:~. 3w ot snplicntion JAS
and without application /5/ of %he colncioence ssgrnicue.  IF
coincicence specirum /A, originates 1y Jvorm the n-spell cos
versien electronc. 7The intensity of the s=-shell eleciron bee
inereaces with the inerease in electron oer
gepth/ vwhat sheuld be expected. Appzr: Iron tue s-snell coa-
version electrons, the L-onell conversion e

a=LL Auger electrons ere secn in ihns nonoceneidenc

B
e .
N Fig.1. <ne nuclezr resonance

contriousion te the beam of
vast scarscred electrons detaer-
mined for tne 5’?9 enriched
gisinless steel geocetierer with
Fa/ and witnout /B appiica-
-~r1&——+_335-~h-1$---- tion of the X-¢  coilnciuence
CHAMNEL  MUMRER technique.

L .
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eciacidence fleft/ and non-coitcidence o rigonug
) trg r.omultencously recorded Jor the upirer sar. two

cwevariante /L and O/ and lower AL/ energy intorvalu ol
cLuwCiradic cmerging from the duplex layer of hcmatite and

Srineiive on tne iron substrate.

1y cwuiy of tae deptn sensitivity of tne coincilence and

ricincizense Chlis apecira we used the refdnant Bculicrer com-
zstts of the du;lex layvr of hematite ent raguctite on mt irowu
culiirate.  wiznt /four colncidenze and ihe corresgonding fcur

e Spectrs were cimalteaeoasly i12cordcd
i f Toy Your energy intervals of the eiegtron
gpectruz, TI'ne A spectra were recorded for electrcne of highest
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cnergy while ihe b ones {or elecirone ol lowel.t ..ergy. Lech
Cciln spectrum 2an be decompored into four Zeeman cexteta, Thne
suter pexted corresponds to ihc heratlte layer /top layer/,
vie ixaner cne to the iron subatrste Sthird layer/ and the re-
raining two eextets are due to the A and B sublattices of the
magnetite layer /second layer/. The positions of the peeks
arrising from verious phases present and percenteges of the
tcisl spectrum area contributed by each phese are indlcated in
M e From thelr comparigon the depth geneltivity of both
ccancidence and non-coincidence CEMS spectra is evident. The
deprti rensitivity is elso vizusllzed by chenges of line am-
i"w7aae ratios of vericus pheses, The top heometlrte phese ls
Mmoo peanounced in the 5§ coiangidence wpectrum whilce the deepeat
Lt are 'n the U one whahy should Oe expected. The L-sheil
“sinn elestrona and tae KeLL Auger vlecirons notoclbl. i--
Descate tne nou-col lolioence CEMS spectrn, Ve iron contribution
e non-roincidence spectrun A is the largest one while the
Seoniise ecatributien 1. tie smallest one. This CEMS spectrun
Ivinstes mpinly from ithe I=3hell conversion electrons. IThoere

nG corresponding ons recorded by the coincidence technique.
In oednclusion, both the X-¢” coincidence and non-ccincidence

U-s.. specirg recordec with $ihe ﬁeKCH4 flow proporilionsl counter
gr. Gefpth gencivive. This property should bte taken into ac-
couant in the depth antegrated investigetions or moy oe utilized
it the preliminary depth aeneitive surface studies, The X-¢
colncidence tecinique izproves depth gensitivity of L
suvetra recorded with the He/Cl-i4 fiow proportiomasl counter.

Supported by the project CF2F 01.03
rererences
i. Jods Bara and B.¥. Bogacz, Hucl, Iusir. and ileth.

4238 /1985/ 463,
¥. Jd.J« Bare and B.F. Bagacz, Hyp. Int. 29 /13B&/ 157:.
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Hign  Fresaure MEsgbaucr Study of Au in Cs;Auz 6

Jan Stanek

Irstitute of Fhyailes, Jaglellonian University, 30-059 Cracow, Puland

abstract

8osbauer spectra of 19?Au in Cs Au Cl s AuAgCl,., Aul and Cghu

wire studied up to 62 kbar. The preaaure-in uced ¢ ges in the
iaomer shift, &, and tne quadrupcle splittings,A, of Cs, Au,Cl
5 AuAgCl, and Aul LSuEgest a positive aign of the electri 31e 4
Frfdient at the Au’ nuclei and a negative sign at the Au” nuclel,
‘v this basis, the chemical bonds in the gold halides are conc}uded
ta, b wrimarily ionie. The M8scbauer speetra shown that the Au and
Au’ i-ms are @istinguisbhable ur to 45 X in the high pressure ziute
£z an Cl,. Trua, the averaging of Lhe Au valence states cbserved
at U rhar wl*ﬂ x-rzy é¢iffraction is a dynamica? procese with
salively long relaxation time due to the gorrer sharing topology
“rvanntion ectahedra. The spectra of CeAu suggeot a phase
trog.cation Sroetn the DsCl=iyre structure to a struecture of lower

[t

ayrmatry, at a pregoure sopewhat helow 27 kbar, The traraition is

ind.eated by an inereuse of Tebye temperature, a decrease of '“e

isuner shift, and the occurence of a quadrupole gpiitting in e

high-prcssure phase,

introduction

The sirmuecture of Cs_au b ‘F is related tc perovskite CaTiC_wi- 2 -
SV oatomo cor'esponalnt to the positiens of Ca, Ti, arf 0, ¢ WV T

ke most recent single erystal xe-ray diffraction deta /1/, it
5 ¢f c¢nzins of distorted, corner-sharing Auu,, cotehedra.
s" and Aw”Y tone ave ordered and ocoupy the crjcta_‘og aPhicali;
snuivalent scriticns Za and 2% of space grovy Id/mum, with typirg
atete sl lincsrl tlenpetions of the coordimacio oolzlenr. ac showr

LT

Y
-

PR - 1.

Senivm neld chloride shows interestiing pherncmena under Ligh prens..v.
.neTeasling prossure tie C) atoms snift graduclliy towards an
i cyrroirizal 1oc:ition between the pold atoms ot
at SE krar <
cuivalent peeiticne, They become indlu»L
fal lO?“*pth reint of view, possessing a no{inal valenor
o "his stmictural chonge iz asscelated wWith z strong
APE inerease in the eleeirical conductivity by qfarly nine rriers
T omapmitude from ambient tressure to 60 kbar /27, '

-{}

Le FBoshauer measurements beyond pressures at which critical changes
in structural geometry andé electric conductivity oceur, shkouid

rrovide a microsoepic inslght into the electronic state of Au in
Lsznu2016 at highk pressures. MNoreacver, results of CS?ALﬁ5016 2nc
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show

o rrenented. The crystal stnucture of CcﬁauAgClG 1

he samg 25 that of Cs,Au?316,

sur £t high pressares is expe
=

with 48" reprdeing
cied te be cin,l
Cs_Au Cl., Aul is cosuned toc to Ui» mos:
atibiré d%reus halide, Lts crrystal structure
{space group T4.,/ncm} consists of lr ¢ rirzar
polymer chains 8f Au-i /3/, & ceninreser OF
MBssbauer data of Os,Au,Cl., T aungll, -4
Aul will provide somé néw inforfiarion alout
ehemjical bonding of go1d halides and allows

a discussjon of Cs?AquIG results cn a related

basia,.

The intermetallic ccmpaund Cs3dv crystaell. zes

Lo

in the CsCl-tvpe {32} structure. Tts ban. gap
has been reasured f4,5/ as 2.7 e¥ at rocw

]
temperature.oThe lattice constant i3 rerorted
to be £.263 & J€,7/. The reimiconducting
compound melils at $27 "0 1t oa Jigurd wiin
precominantly Jonie condretion /740 The oo
emission valence-bard Sacy TP, coe iy N
with the rveIatrv ssie Forrls poeef e
KRR} banc-:trunturs cal-aliri.o o .

*

this ealsuvlation =~ clev Tomnns b e o s
from the gesiny, 1> 1m0l ol oo .
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soentiotent
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, . the Mbeshaver iremer r-ifte

Lative armplitudes of

1 ions shifts when A recent total-energy calculz o

pressure is applled, predicts a pressure-induced o
from the 32 t& the ¥z

cressure of zbiat 45 kbvar; in the tramewcmy uf

these iwo s .rmiztures ore compared. The presernt

ifn order to

Lxperimental

a/ 8ssbhuver spectros oy
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satend
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proportional to the eleciron dernsitv iy ths nusliens. Tire half-1:i0-
time of the 77.4 eV nuclear level is 1,83 ns which corresponds

to a natural linewidth of 1.882 mm/s, i.e. several times smaller
than observed differences in and A of different valence states
of Auo

b/ High pressure apparatus.

The apparatus for high pressure MBssgbauer studies was similar %o the
one deseribed, e.g. in /15/. The absorber pellet / 4 rm in diameter/
wae placed between two B C anvils. For CsAu case the pelet was
formed and gealed into tﬁin plastic bag under argon atmozphere.
Fressure wap applied at room temperature and maintained using
2 copper~berylium clamp while the system was cooled to ligquid He
temperature., The effective pressure on the cample al room tempera-
ture wae determined with a bismuth-wire calibrant. At 4.2 K a lead
manomaeter was used for pressure calitration.

Reaylts
a/ Gol? balides /16,17/.

t

a7 : , .
“"Au spectra of ©s5_Au.CY, were ta¥en zt 1 nar F4L.T and an KF oopd
5

- E‘
at 68 gdvar /0,1, 4.2, 75 3nd 45 K/, Tore giccire am chewm in Pag, 1

‘i - — o
LI - e
- . - i
; .!1. :v g i MP;?IM.-;
3.‘! 1 39
l LI &
- S 3
: ¥ e
2"] §
B
L -‘-a
v
f .2
B R T T Y T ] F i
VY 1y IZDMER SHIFT [mmis)
- 157, S . .
TiF,. 2. 3 Au 3pectra of Cs..,au,;ClG Tig. 3, The iscmer shift =
token at different pressuref  © electric Field graclent rela-
and temperatures. tionshir for Au  ecorpounds.

Seiid line, cf, Ref/18/, broken
iine, ¢f. this work.

In each case the spectrur c¢onsists of two lires of different
intensities. The stronger line is a sur of the unrespglved iu
guadrupole doublet and the low-energy line of the Au  doudlet,
th§+qea§er line belng the high=energy line of the latte;. Fecause
Av” fAu = 1 in etoichiometrie Cs_Au_Cl, the intensity ratic cof
the $wo apparent lines should be iIn a first approximaticn 3:1,

Ir fact, the experimental ratio ts about S5:1, Thils discrepancy was
explained by the dg}ermined difference in recoll-~free fractions of
Au 0,039/ and Au”’’ 70,080/ at 4.2 K.
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1
. W S
T oo ot N nn Dount beyond the Yitit ol
ripsetal oo, Fir O ALAnTIL 2 lecrease of Oal end an increase

=] X
In Zul ar increace cf & and a decrcease
were found.,

e *
.\ Y . | H
B s Tl AM x caflel '&-A‘ . £
-
]

2T Aalr LTulT RC wuie
A weta Insveasing
r the electranic staie of Au* wo alternatlives are considered:

i/ 50  (és6p)” configuration, winere X is a varying degree of .
covalency. The electric field gradient, V 2 is negative, 14/ cd “és
state. In this case twe anionic ligands "Breas“ 54 2 electron

density intg 65 orbital, The 52 _2 "hole" in the otferwise fully
accupied 5d shell preduees a %ossitive sz.

Square-plazay Au't complexea are usually interpreted in terms of
54 (5&656}:‘"}1 orbiltal configuratien. The two electron heles in tre
K3 7 ¢ orbital prcduce a negative contribtutioy to the clectric
ri®17% gradient, while the partly filled 5d6s6p° hybrid yields

2 rosiiive one,

Tr: prescure induced shange in the erystal structure of Cs, ke 016.
arl most protbl, of SulAuiptl., is ra;hnr nugual. The AT
vowhe (4uT029)T and®the (4u”TC1 YT compleves of tle
norniynedra Inerease graduclly us o 52 Ybar, S, the
¢ &t 0 Ra ), and Csghvhcll, &nt itr dnereane nohul
W inereeas g preésu?a are indicative of a siroengtner: oA
texening of o tonds dee o deerease and inerrice of cveriae

iroeprals, Tecjectiveli.

=)

Tha precsulre n2uced deocrease of B ad can b
totn medels o Lending fer the (Au'Cl) T ¢
Aybradic ticen the increase ol Au~Cl &i
:Lipn and a decrease of the azbso

- - .‘;'” Fi e
riontive cleriric field gradient. In the fraze cf e
srrreformaton to the cotahedral epoordiraticn Yead
. WL in the T4 2 ortifal and to a2 degrease of <
use Hoth modell gprear ategquate, a high proasure
sRteriment wes gcarried on Aul.
La rnearest ~u-1 distances in Aul are expected to dacre:ce Witk
asing ireasute, whieh is consistent with ingrease of g Fiellars
crease of €p_  porulsztion, i.e., an increasc 2f the necative
ituticn to tHe total EFG, Experimenially, a decreanc of A war
ved, Trhuz, il is concluded that the pasitive cenir:bution
ites. trevicusly, a negative sign wag assurmed for G in the
lent goll compounds /18,19 based on écfp bonding. Sswever,
ign war determined only for Kau{CX). 720/, It in belioved, that
v te well reversed in AuCl, 4&uBr, Aul and Ce,Au,C1, due tec
a2ther tran 7“zfp boanding. o

clusiocn f a positive sign for & in thﬁse+compounés ig not
istent with the general & <A relation for iu comrourds /Filg. 3/.
ive &, with increasing magnitude in the sequence 4uCl, AuBr,
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and Aul wouléd yiols a more pr.oicl zeolc
decreasing degree 21 ilonicity.

'.'+ . . .
FPor Au’ the increase of the Au-CI &:riancec witkin xp -lane gF ul?,
with increasing pressure, decr=2ase ine pesitiove convribution.
inerease ¢f & was observed unexrectedly ir Thaausgl snow;gg tnat

1.
. —pn . . . £L .
initially the ZF( was negative, So far a nepgative EFC in in

%

In the view of the geometrical preuicepuivalency of the twe Au
pogitjons in Cs,Au_Cl, a zero enex¢w q;fference betvezen

al elecironic gtaEe and the empty Au” state can ez
rcsult fast electrogjc excharge between Au  and A’ N
agrarent average ku” atate mignt de c¢xpected, However, I
gpecira show that this is net the case up ¢ freassure oI /. L4
ané texperzture ¢f 4% K. Fast electiren hopping In thia case iz

irn,s a@n

primarily exciuded hecause of ihe topnlegy of Cs,ﬁuZS:c gLricturg,
‘ A L at
rrers aRd o andé Au

i% which the cocrdiration octiakedrs alare acorn
arhitals ¢ net averlap directly fof. PFig.

-
b/ Thase transitior in Csau foi/f
Jhmples ¢f Cely o were synithesized oo il o mLe Lol
ameants of T and Sy otn o2 ovacuarmetiin U8 Tl Lo AR
Twe oambles lie)anif?b were sgele. c o il e rorTtoTe Sliny merate

Thne 4,0 F FMasbausr sreetra of Jeanl ware fewen gt Lo, 77, T, ut
27 ktar, The spectra of sampie TY, covered iy oo urtallite go 8

f3il, &r¢ Baown in Fig. 4,

At 27 wbor a eulstinsial decreace cf & se

&7 ¥rarye 0.2 mnfs). Thiz changc ¢ G s

Treszter tadn the Sitierunce In betwesn o

veing conmisanducicrs, LuT X

AU In L oJmetzl/ and Cean .

LUPDLY no Rint wheiner ithe Lontllstled nignerreosu

fgricocniucier or metal,

There are several rossgible monirilutisn o

at hifl rregsure, Just gz drpepulatien of 28 :

inerease o2& . Tais fe inconsistent wish in xrn c n
From asonme ropulaticn of ©r ortitalcs is negimcitle, T . % @l
deervase of ¢ must e caused Trimarily by 2 firect deromilaticn o e
Irebatly the most ciriking evidencs of the siructural ard shemiczl
transfcrmation of Csau at high pressure is the pressure-induczd 4
sbserved atuve 7 xbar. Ine crysiel sirueture i the nigh-Pressure
rhase is not knewn, The obgerved & suggests, however, that [t conneor
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e to tue NaTl(B32)-iype structure /13/ rhase which requires
point symmetries fcr both atemie poslitions. A more likely
ture for the hign-pressure Csiu phase is a sinple &istortiem
e CsCl type along one of the four [jtfl iirections.
e The sbserved ﬁ.ind*Eatﬁs that the spherical
H ] symmetry of tre 5d 68 shell of Au ie no
- N~ ionger maintzined, In ionic Au compounds, '
- S /f’] gold is linearly coordinated due to 6s6p
f hybridizaticn, Assuming the same linear
- DS configuration, 656p hybridization can be also
B assumeé fer Au”, In other words, the fundamental
Eow- 1;'/-\._ "f indirectprergy gsp between the bs vzlence band
Vol the conduczicn € btane at X polnt of the
1 Brilloun gerne cleses at hlgh preesure. Such
+ Vi ' tendency is clearly visible from the results
\f\f;fﬁ of band-etructure calculaticnh in ihe gseriec
VoL of Casu, Rldiu, and Eiu /117, It chould be roted
. s that mercury, teinf isoelestronic te ‘u strong-
e 2y favorz the linear cocréinazicn, alsc due to
' N 6g€p hybtridization,
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From the spectry of Tsau which was superirprsed
by a foll of meteliic gold it was rorrille

to estimete the ratice of the reeocil=frec
fractions. Rexz, =
dependence cf the
metallic geld, .t
the vartatior ¢
It turned cut, that ©_{

Fige 4. EBssbauer ,
gpectra of Cedu
rovered with metellic

wr ITEEFZUID?

o
eorerasure, O, of

.
-
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Cudn
5

2 strong and probably atruri increase Letre itemperature,
> rresrure induced ouzgrupole splictling, & , and the ‘unyp in
lromer shifls, 8 s are evidences fer : precoure Iniueed ohings in
srrziad structure and in chemical cnding ¢f Av in CTsiu,
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SELF~-CORRELATION FUNCTIONS FOR IMPURITY DIFFUSION
IN HEXAGONAL LATTICES

K. Ruebonbausr and B. Sepilol
Inatitute of Nuclear Physics, Cracow, Poland.

Tf ono considors meneatomie hep-like lattices containing
a dilure lmpurity in tho luttico sitos nnd diffusing within the
encennter aodel [1] via tho lattice sites and due t¢ tho monova-
cancy mechanism the gituation becomes much more complex as corts
pared to the situation encountered in the correaponding cubic
lattices {2]. The mheroscopliec symmotry 1s nmo longer spherical
but rather cylindrical and theref .ro ceoordinate shells [2, 1]
have to be indoxed by two indopendent indices. Even and odd
layers have to be distinguished, too /seec Fig. t/. A five-Trequ-
cncy model [4] hes to bo gonmeralized to a t6-fregquoncy model,
wvhat lcads te 13 normmlized frequenclos In contrast to the situ-
ation encountered in tho fece=lattice /) normalized fregquenclos/
and bec or sc-lattices /2 normalized freguencies/. A diagram [2]
Lecomes thus gquito complicated /spe Fig. 1/.

A natural simplification cccurs for two diatinot cases, 1.e.
for a hep lattice /) normalized frequencies/ or for a solf-dif-
fusion /1t mormalized freguency “o/‘ The lattor case has been
studied moreo detalily and some rolevant rosulis are summarized
in Figa. 2 and 1J.

A dotailed report of this atudy is to be published elsowhere.
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Fig. 1. A diagram for a he¢p-like lattice. This diagram is
a generalizatior of diagrams for cubic lattices [2].

Only few lfo and Uo routes are shown.
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Fig. 2. Hg /probabllity to come back to the origin during
an encountatr/ and Z /average number of impurity Jumpa
per encounter/ plotted versus normlized {requancy o,
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Fig. 3. § /reduced anisotropy of the diffusion cocfficient/
plotted versus u . Note, that for u°=1 in the hcp
lattice diffusian is slightly anisotropic duo to the
higher order loops in the diagram. Fer such a caase
2 naive "papty lattico”™ approximation. givea a COR-
plotoly iascotropile diffusion cosffielent.
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GOLDANSK IT~XARYAGIH EFFECT AND EXTERNAL LAGUETIC FISLD .2THOD
AS TOOLS TO [BASURE ANISOTROPY OF THE RECOILLESS FRACTION IN
ALORPHOUS HATERIALS '

B.Miczko} K.Ruebenbauer™ and B,Sepiot™

X Institute of Nuclear Physics
Cracow, Poland :

*Laboratory for Physico=chemical and Trace Analyses
Dept. of Chemistry, Jagiellonlan University
Cracow, Poland

Diffraction of X-rays or neutrons can not be used to obtain
details about the atomic¢ wibrational anisotropy in the case of i
azaorphous materials due to the lack of well-defined Brage rofll.-
ctions&a ;5stauer spectroscopy can yleld some nodel gndepcndcnt
information in such cases, either via the Goldanskii-Karyagin
effect /GKE/ or by applying & megnetic fileld, preferably along
the beam axise. The latter method /EMFLY can be applied %o the )
nreferably diamagnetic samples exhibiting an electric quadrupot
le interactlon /preferably sign’ficantly non-axials and the na-_
isnetic fie}d should be chosen in such & way as to produce signi-
ficant off~diagonal elenents in the hyperfine hamiltonian. <The
axternal nognetic field method /IiFl/ is gapable of ylelding
a2ch nore information than the Goldanskii-Raryegin effect in
nost cases, provided sufficiently strong magnetic fields are a-
vailable. Both methods reguire high nuclear spins and relatively
high transition energies for general aprlications, but the BX=
ternal zagnetic field method /EUF./ does not rely upon 2igh 31—
xing rasics required in the application of the Goldanskii-na-
ryagin effect /GKE/. o

A detalled theory of both methods and some rosults of ZIFL
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3
towlevions perforaed for a 1‘91 /27.77 keV/ !Youstauer transi-

“ien have been published previousity [1].

ffere, we would like to prescnt a saort sunoary of some e
cert B.FM sinulatices performed for a 1271 /57,60 keV/ .¥Bssba-_
wer transition, The spectra have been calculated for thne follo-
wing set of paranmeters /for a detailed explanation of synbols
see [1)/:

I, = 7/2, I = 5/2, Iy = 13 N = 259, U = 63 By = 107 /counts/,
/A = 0u1, t =2,0, [, =P, = 1.245 /mn/s/, p = 0, &} = O,
Go/5g = 0-6463, (Qe/Qg){[Is(zzg—*t}]/[Ie (21,-D]} = -0.4265,

30 = 0, a5 = 3.0513 /mn/s/ for the ground state /equivalent to

H® = 7,92 /T/ and H = 8 /T//, Ay = 1.2282 /uu/s/ for the ground
state /cquivalent to the NGR freguency of 1100 Hz/, N - 0.2,

= 0 /ax/s/, &y = BO = ¥o = 0 and variable A and B. It has
becn assuncd, that: Hx k = 0 and the grid 20 x 0 ovar the
full sphere was used. The velocity span taken into account sas
26,7675 /nn/s/. The spectrum calculated for i = E = O has been
coitpared with the spectra calculated for A and B satisiying &
relstionship 331 = 1y 1l.es along the trock 2 for 544
Fig. 4 of roference [1). The resulting 12 i5 swi.crized in

Table 1 and plotted versus Z in FPige 1. It has fo be noted,
thet 0537 = 4,3018 qqpq and therefore & loser rosoluvien of
spectra is eomrenguted o some extent by the increnssd Lronsi-
as colparei Ly vhe 12‘-7‘1 Srectress apn

40

Tion encry:

oy .

rinally, wt would likc teo commonv, that the solug.rs vuzrns
able %0 process giectrz outainod Liithin boul weinolds i i
ly avallgdble Tror the .OLHLIR licrary [1 - al.
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Tabie 1

Results of simulations,

-~ -

«8.6966 =-10,0

1 4,93
~b.7328 »8,0 2 Gat3
ok« 7993 ~6.0 3 3.68
-2 02 wioO q 2452
=1.2697 ~2.0 5 0.93

0.0 0,0 6 0.00
0.7303 2.0 7 0,93
1.0599 4,0 8 2.53
1.2007 6,0 9 3,73
143672 8,0 10 4,52
1.3034 10,0 11 5.05

Prof. T.Birchall, Dept. of Chemistry, ikciaster University,
Hamilton, Ontario, Canada is deeply uppreciated for pressing
us strongly to perform 1271 simulations, the latter being ne-

cessary in planning future experiments,
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MOSSBAUER STUDY OF FERROUS GLUCONATE

D.S. Kulgawozuk, K. Rusbenbauer, 5. Sapiol
Institute of Ruclear Physios,
Cracow, Poland

Ferrous gluconate ’°/¢6511°7/2 . 2H20 was inveatigeted Ey
meana of 57?3 /1.4 keV¥/ ~ MOBsshauer spsctroscopy and thersogra-~
vimetr'y; M8ssbauer study wae performed in the temperature range
77-42) K. It has been found, that Fe>' occupies two diatinct
Massbauer sites in the hydrated phaie. One of theas aites having
larger isomer shift and quadrupole aplitting disappears upon
dehydration. This "water coordinated” site is five times more
abundant then the other site in the fully hydrated phass. All
the samples have been found %o be contaminated by some amount of
Fe3*. A significant oxidation oocurs ot the dehydration tempera-
ture /about 378 K/ at least for the samples exposod to tha air.
No Goldanski-Karyagin effect has been detected in contraat to
the previous claim [1]. It has to be noted, that the orystal
atructure of the ferrous gluccmate i» wnlmown.

A detailed report of this stgdy 14 to be publishod elsovhere.

Ms. J. Inasirska, Dept. .of Chemliatry, Jaglellonlan Univer-
alty, Cracow, Peland is waraly thanked for perflferming thermogra-
vimetric measurements. Dr E. Wenda, Dopt. of Chenmistry, Jaglello-
nian University, Cracow, Poland 1s acknowledged for preparation
of cne of the samplesa and for performing ledometric anpalysesy.
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DOUBLE ELECTRCE EXCHANGE 1N Fe, ..0 : A Mo3BAUER STUDY
#. Tattek-Janczyk®, B. Sepiol®. J.C. Grenier' and L. Fourness

* Department of Chemistry, Jagielionian Univers:-v, 20-09¢ Cracow, Foland.

v Institute of Nuclear Physiecs, 31-342 Cracow. Poland.

* Laboratoire de Chemie du Solide du CERS, Universite de Bordeaux [, 351,
cours de la Libaration, 33405 Talence Cadex, France.

INTRODUCT 10K

The laowest iroan oxtde, wustite, exists 2s a stzble phase anivy abow:
570™C. Wustlte has a sodium chlorlde Gtructure but ai atmospheric presusur
is always nonstoichiometric, and can be represented by [Fe. O, where
varies betwaen 0 0% and 0.15. The lack of Fe-" !ons results in =i1sten:e of
cation vacancies in octahedral sites, and in order to impoze electri.al

neutrality Fe* fons must be preeent.

The o~cupation of interstitial (tetrahedral) sites by some Fe * {ons and
the defe.t aggregatior In wustites 1s now wery well estabiishad. The
presenze of Fe® and Fe”* ions, both of them in variocus surroundings because
of defect strecture, results in extensive studies of hyperfine interaction:

in wustites by means of MéBbauver spactroscopy.

The MWsBbhaver effect studies were reviewed by Gohy et al. [1) in general
and by Gavarri =t al. (2] from the structural point of view. All the spectra
of nonstoichicmetric wustites recorded by different avthars have a simiiar
overall shape of an asyametric doublet but they bhave been nalyzed in
different ways. These different analyses have been relatedi :., different
interpretations. Two problems should be pointed out whes —onsidzring the
li1terature data 1.2. electron exchange batween Fe-'* and Fo ' ionz and poanr
agreewent vetween the [e ' concentration deduced from the ¥:fbaver data and
the chemical analysis results. The localjzation of Fe** icas and their

behaviour io wustites was the aim of our stidies.



EIFERINENTAL

Five sanples of diiferent composition (0.05¢xt0.0%4) were prepared by
beating the mixture of appropriate amounts of metallic iron apd a-Fez0s in
evacuated silica tubes st about 930-950°C for 20 bours. The =amples were
quanched by rapid extraction from ths furaasce. The stoichiometry of wustites
was determined by thsrmogravimetric oxidation to Fex0a. The samples of
following cumposition were obtained: Feo.sael, Foo.wzo0, Féo.wxsl, Feo.samd
and Fao. waol.

The MNiSbauer msasurements wers parformed at roon temperatyre using a
conventional spectrometer. & ®7Co {Cr) source was used abdd jy-TAyS were
detectad by means of a Er-filled proportional counter. The velocity scale
wae calibrated thanks to spactra of & natural isotoplc abuodsnce o-Fe fofl.
Spectra were aoalyzed withiv tbe transmission integral approximatiop using a
CYBER computer and the moot recent version of GNFPSS program (3],

RESULTS a DISCUSSION

The Midbauer specira recorded at room temperature are shown in FIGURE 1.
They have similar shape from, a2 weli-resolved asymmtric doublet for the
sample of the lowest stoichiometry (Feo. ecal)) to & weakly-iesolved doublet
for the cample of the highest stoichiometry (Feo, eso0).

Spectra were aoalyzed vusing the following model: two doublets were
assigned to the irom ions im octahedral sites and one singlet was assigned
to the Fe® ions in tetrabsdral sites. Tha resuits of data fitting are
Summarised in TABLE 1.

The dependences of gquadrupole splitting & and of isomer shift & on the
wustite cowposition for botb doublets are shown in FIGURE 2 apd FIGURE 2

respactively.

It {s worth nuticing that both the maxima on plots of quadrupole
splitiing and the slope changes on plots of isomer shifts occur pear the
same copposition of x - 0.08. In this region a trapsition seniconductor-

"metal® was recently found (41.
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TABLE 1 MoBbauer resopance parameters for Fe...O

Doublet Nao 1 Doublet mo 2 Singlet
1-x LY & A Az 6:.' -‘-;‘ 62 A= ’!‘
{mm/s) (% immsel e {mm/s) % %
0.90% 0.745 0.902 60.4 0.379 0.968 35.3 0.272 1.2 20.8
0,002 20.009 $£0.9 =0.004 £0.009 20,9 20,011 0.z
0,220 0.822 0.925 43.5 ¢.455 §.972 5B2.¢ 0.270 4.5 17.4
£0.004 20,009 £1.4 +£0.005 £0.000 =1.4 - 0.3
0.929 0.811 0.926 42,3  0.424 0.4983 55.6 0.23¢ 2.1 153
+0.004 0,000 =£1.3 20.00d 20,909 =13 --- 0.2
9.928 0.791 0.921 41.8 0,379 0.998 57.8 0.200 0.4 13.2
0,004 20,009 *1.3 20.004 0.009 1.3 --- 0.2
¢.a5p 0.773 0.933 38.9 0.35% 1.023 39,9 0.200 1.2 105
£0.005 20.009 £1.7 +£0.004 +0.009 1.7 1.4

{*) Amount of Fe+" ions according to thermograviwetric data
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FIGURE 2  Dependence of quadru sle splitting & on the copposition of
wustites for both dauilets.

FIGURE 3  Derpesndence of isomer shift & on the conpcsitiar o wustites
for both doublets.

One can easily see from TABLE 1 that the content of Fe * ions dedocsd
from MoBbauer data is much lower than that expected from the
thermogravimeiric oxtdation. Alsoc the isomer shifts of both doublets are
tower thah that for Fe®™ ions in octahedrel sites. It means that Fe* loas

158



mst contribute to both doublets. Under come assumptions tha contributions
of Fe*+ jons to doublet Ho 1 (y> and to doublet Mo 2 (z) were calculated
from the following relatices:

§, 2 F g0 t A =S

§, = % Epa. * (A

Fe~

-z &

2 Fa3+

The results of calculations are shown in FIGURE 4 whare also the total
emount of Fe® iops from the MSEbaver data 1n comparison to the
thermogravimetrically determinad Fe®* ione content is drawn. Ap agreepent
between those two methods of determination of Fe™ ions content was quite

good.

The above presanted resvlts confirm tbe hypotbesis that the defact
structure in wustite le very complicated and that 1t chapges depending on
the stoichiometry. Two doublats result probably from two kiands of clysters,
which ara more or less stable in the range of peeudophase (see FIGURE 4).

M Op e
} og‘ﬂf:.,ﬁ'lm
. ? bz ]
ol +\\\ ' F ]
P Y N
/"{—'i‘-- é 1
." .
a0 Gz aw d-x

FIGURE 4 Coutant of Fe®* ions daduced from MiRbauver data and from chemical
analyois,
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THE Wo8BAUER STUDIES OF THE NODEL IRDE CA[ALYSTS FOR AMMOKiA SYNTHESIS

A. Baranski, E. Pyrczak and A. Patteh-Janczyk
Department of Chemistry. Jagiellonian {rniversity, 30-060 Cracow, Poiand;

K. Ruebenbauer and B. Seplcl
lastitute of Buclear Physics., 31~342 Cracow, Poland,

IETRODUCTIOR

Amronia, opne of the most tmportant products and halt-tinisbed profucts
in the inorganic chewical industry {s obtaip=d in tbhe catelytie synthesis
from nitrogen and hydrogeer (in a determised coniitlons o! temperature and
pressure). This synthesis {5 carried out ©a ihe Jdrce <atelyst. The iron
catalyst for ammonia synthesis 1s producec in two steps 7Firsi, ircon oxides
{magnetite ore) are fused with the unreducible promotsre {(the appropriate-
oxides of mowa-, di- or trivalent metals) at high *empermtures, The obtained
spinel-type structure is then reduced giving the active cataiyst., Ia the
active form of the catalyst the important role play such promoters as Al.Os,
which improves the texture of the contact and K. which 1s called tha
chemjcal promoter becauvse it influences the catalytic activity. The gquality
of the active catalyst depsnds on the composition of the catalyst in
unraduced form as well as on reduction process. In unreduced form the
catalysts contain magnetite, wustite and promoters. Because of the presence
of jron ip different pbases in the catalyst, the NsBbauer spectroscopy is a
good tool for a characterization of the catalysts [l-‘-l].

EXPERINENTAL

Thi investigated samples were of the same type as the industrial irom

catalyst- ior ammonia synthasis containing magnetite, wustite apd prometers.

Elzht modal catalysts e.g. ubnpromoted, singly promoved {wita alumina or
pctassium dxide? aad doubly promoted {(with alumina and potassium oxide? each
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=f then ccntain'ing larga (about 39 wt %) or smell (about 9 wt %) amcurt of
wustite have bteen studied by MoBbaver spectroscopy. The -ompesition of the
samples s given in TABLE 1.

TABLE 1 VYariation 1n Composition of Sapples

Cooient of Copntent of Content of

Sample FeO (wt%)  AlxOa (wt%) K=O {wt%}
v amoted traceas D.36 -
v unprome 32,85 0. 26 -
ALY s traces 2.90 -
ALY premoted with AlzOs 21.15 4.28 -
K¥ “troces 0.32 0.87
K pramotad with X.0 21.71 0.27 2.26
Kalv o 9.09 a.71 1 40
kaly P omoted with AlzOa & EzO 28 43 3 06 i.78

Symba! ¥ denotes a smel) amownt of wustite
Symbol W derotes a large amount of wustite

The MKo8bauer memSurcaents were perfcrmed at rook temperature vsing a
canveniicnal specirometer. Spectra were analyred within the tracsmissian
iuviegral approximation. A model af two sextats attiibuted to magmetite and
i one doublet and ome simglet attributed to wustite was used for calcu-

lations.
RESULTS & DISCUSSiON

Some exumples of MiBbauer specira of the model catalysts are shown irn
FICGURE 1.

In view of the results of the apalysis of all spectra the following
conclusions may be drawe:

3 Isomer shifts of both sites in magnetite do not depend on the
promotar content.

& jddition of poit.assium oxide to the catalysts does bot clhange the
magnetic field in both sites of magnetite.

* Addition of alumina to the catalysts decreases the magnitude of
magnetic field in both sttes of magunetite - approximately there is m linear
correlation between the magretic field end alumina content {see FIGURE 2)

¥+ The scRkaver parameters of wustite phase do bot depend on the
presence of alumlpna and patassium oxidg.
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FiGURE 2 Dependence of magnetic fieid on alumina content for 4 and b sites
subspectra io megnetite,

In order to determipne the percent contest of wustite and magnetite
phases in the catalyst their stoichiomatry must be first calcu:ated.
For wustite Fe.-.0, perameter x was calculated according to the

expression:

where 8 and D are the MNzBbaauer spectral areas of sipglet and doublet
respectively.
For magnetite Fes_.0., parameter z weas caleulated according to the

expression [5):

T S B/A + 8
where A and B are the areas of the A site and B site subspectra
respactively.

If the stnichionetry of both irot pheses is known the percent content of
two iron oxides may be calculated fron the equation:
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whare gn determines the weight concentration of a component k fn a mixture
of 1 compooents containing Moébaver nuclei. The :Iu are the sreas of the
different XNo8baver subspectra, B: are the stoichlometric factors of the comr
ponents and €% are the relative f-factors. The ratios of Debye-Waller fac-
tors, €1 = fu/f, where determined in (3], apd the same values were used for

calculations in the present papar.

The ¥nowledge of pbase composition of the catalysts makes possible the
calculations of Fe®  and Fe** ions content deduced from NéRbauer spectra and
cooparison of those values with the results of chemical analysis. Resultis of

such comparison obtained for three catalysts are shown in TABLE 2.

TARLE 2 Comparison of the iron and oxygen cootent deduced {rom the
M3Bbaver spactra and obtained fro® the chemical enalysis

Content of total Content of Content of
Sample iron Fez+ oxygen
spectrum chemlical spectrum chemical spectrum chemical
analysie analysis analysis
L 72.35 T2.62 35.97 34.80 25.97 25.70
ALY 68.83 69.75 31.66 32,96 25.31 24. 48
KAlY 69.23 69.37 34.97 34.72 24.74 24.60

In view of the above pregented results one may see that the NoBb uer
spectroscopy can be used, among the other techniques, as a too! for
cheracterization of the pbase compasition of irom catalyst for ammonia

synthesis.
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PRESENT ATICN OF THE MOSSBAUER EFFECT SPECTROMETERS GENERATION
DEVELCPED IN THE INSTITUTE OF RAUICELECTRONICS CF THE WARSAW
UHIVERSITY OF TECHNOLOGY, LonlllV

.

Marek PAWLOWSKI, Adam PIATKOWSKI

Warsaw University of Technology

Institute of Radicelectronics

Nuclear and Medicel Electronics Divisicn

00-665 Warsaw, Nowowlejska 15/19, tel, 21007345,

SUMBARY

The CAMAC based MBssbauer spectrometers aystems generation is
described, Principsl technical cheracteristics, types of CAMAC
modules and block diagram of the system 1s presented,

The first MOssbauer eflect spectrometer system was develo-
pec in Nuclear and Medical Electronic¢s Division of the
Institute of Radiocelectronice in 1974, The origins of this
spect rometer were strictly connected with the beginning of
applications of the CAMAC system in Poland,

The basic assumption was to bulld a multieccesible MBssbauer
effect spectrometer system, based on CAMAC system, that woul:
e able to collect the spectra simultaneously from four
detectors, placed on both sides of two electrodynamics vibre-
tors.

The first version of the spectrometer included two vibreters,
four analog signal tracks, multiscaler adaptor module, wavelorm
generator, drive systems for vibrator, display driver and crate
controller., Spectrometer worked in constant acceleration mode.
There was only one type of detectors used in this version of
the spectrometer: xenon filled type PXXeBe proportional coun-
ters, As a displey unit worked usual escilloscope with external
X input. 0Oscilloscope was very helpful to adjust the proper
parameters'or the anslog tracks /gain end shape of the pulses/
and than it was used as a display unit to observe the tollected
spectra.

The first version of the MBssbauer effect spectrometer was
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controlled by the very simple 8 bit, Bk byte RAM, type

MERA 300 polish microcomputer with the help of the type 105
crate controller module, Microcomputar collected the spectra
in the real time mode,

Eiaborated software enabled:

1. four spectra collecting, every in $12 or 256 channels,
maximum number of pulses 1n every channel was 22 - 1,

2, displaying of spectra,

3. printing of spectra,

4, every spectrum drawing on the line printer,

5., adding, moving and reverslng of spectra.

The exchange of the data collected during the experiment by
the MERA 300 microcomputer and some bigger computers to process
the spectra was able only by the paper tape.

Several Mdssbauer effect spectrometers in the above configura-
tlon work successfully in Poland due to the reljabllity of the
CAMAC modules and MERA 300 microcomputers,

Futher developments of the spectrometer system concerned with
three main subjects:

1. t0 enlarge the veriety of the possible physical experiments
by developing new types of detectors and new types of CAMAC
modules,

Zs to automiZe the dets acquisition within the CAMAC systenm,
to nake possible off-line computer controll during the
spectra collection,

3. to enlarge the variety of computers controlllng the spectro-
meter syaten.

In the first of above subjects were develcped two new types of
detectors eg,!

- type WLP=2-gas flow, very fast-up to 106pulsea/sec,
multiwire proportional counter,
-~ type LEK-Z2«gas flow, conversion electrons detector.

The deacription of the sbove detectors can be found in the
paper /1/. To collect the epectra from WLP-2 counter, the fast
anaiog amplifier module type 110194 and fast single channel
analyger module type 1202 were designed,
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Due to the Interest of the M8ssbauer spectrometer system users,
the constant velocity generator module type 1406 was build,

In the second of above subjects- two CAMAC modules were
designed: autonomous crate controller type 163, described in
paper f2/ and autonomous display driver module accompanied

with display unit presented in paper /3/.

Any computer comnected to the autonomous spectrometer system
can be used to other tasks during the data acquisition and data
displaying.

MBssbauer effect spectrometer system can be generally controlled
by computers from PDP-{l«compatible family eg.: SM~3, SM=4,
SM=1300 and MERA~60, Existing software operates under RSX-11
and RT-1% operating systems and is written in FORTRAN,

After designing the crate controller module type 111 the
autonomous version of M8ssbauer system effect spectrometer
system could be also controlled by IBM PC compatible computers
undep MS-D0S operating system.

Block disgram of the system is presented on fog.1.

LITERATURE:

/1/ W.Cudny et all - "Detectors for MBssbauer effect spectro=
scopy designed at the Institute of Radiocelectronics of the
Warsaw University of Technology", thias proceedings.

/2f M,Pawlowski et all - "Autonowous controll of data
aqulsition in M8ssbauer effect spect—cmeter®™, this
proceedings.

/3/ ¥.Cudny et all - "Data visualisation system for autonomous
MBssbauer effect spectrometer in CAMAC system”™, this
proceedings.

Editor’s iote: _
RefTerences /1/ and /3/ have been not received in due timc,
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PRINCIPAL TECHNICAL CHARACTERLISTICS:

Modes of operation constant velocity or cons-
tant acceleration

Yelocity ranges 0 « 200 mm/sec for a=const
0 = 100 mm/sec for v=const

Yelocity nonlinearity less than 0,1%

Nunber of measurement traks up to 4

Number of multiscaler channels 256 or 512

Maximum frequency on the 6

multiscaler input 0,5 x 10" pulses/sec

Typea of detectors:
Proportional counter type PXXeBe

= supply voltage 1200V « 2000V
- gas xenon
- FwHM gamma energy 6,5 ke¥ 18%

17,5 ke¥  13%
Conversion electrons detector

type LEK 2
~ supply voltage approx. 1200V
- gas mixture 95%He +SHCH
= type of detector gas flow caunter
- beryllium window diameter 35 ma
Multiwlre proportional counter
type WLR-2
- supply voltage ' 1808 - 2500V
- type of detector as flow counter
- gas mixture 10
- FWHM
/14, 4keV, 500000 pulses/sec/ less than 12%
- window dimenaions . input @ 50 am
output 80 x 50 mm
- maximum frequency 10°pulses/sec
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THE SYSTEM INCLUDES:

Type _ Module Quantity
2010 CAMAC crate 3
1904 High v2ltage supply 4
1104 Spectrometer amplifier 3
11044 Fast spectrometer amplifier 1
1201 Single channel analyser 3
1202 Fast single channel analyser 1
13014 Linear integrator . 1
589/ 1 Lrive gystem 2 Jcf
669/1 Waveform generator 1 /¢/
1406 Constant velocity generator 1 /¢/
163 Autonomous crate controller 1 /C/f
Display driver Vv /C/
Diaplay unit 1
106,109,111 Crate controller 1 /C/
10054 Charge preamplifier 4
PXXeBe Proportional ccunter 5
LEK 2 Conversion e¢lectrons detector 1
WLP=-2 Multiwire preportional counter 1
GM - 2 Electrodynami¢ vlbrator 2
L=1 Manipulation table for vibrators,

3%

detectors and samples

The modules indigated by the letter /C/ should be placed
in digital crate, together with the main crate controller,
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AUTOROROUS CORTROL OF DATA ACQUISITION
in BMOSSPAVER EFFECT SPECTROMETER

SUMMART,

The CAMAC moduie type 1863 t3 described in--this
Paper, This module is uzsed to control data acqgusition
process in HOSSBAUER EFPECT SPECTROMETER 1n full autonomical

way.

In the earlier versions of HNOSSBAUER EFFECT
SPECTROHETER ( MES ) all data processing, including data
acqusition, were controlied by the main microcomputer. In the
HES proAduced by POLOH f{t was SH-4 ( PDP 1740 }. Thi>s
precessor, during data acquaition, could not do anything
else. It would be very useful to transfer control of data
acquziticen to the other processor, using the main one for
anaiyse of Aata ceollecied earlier. This iz the origin of
designing an AUTOHOHMUOS CAMAC COHTROLLER for this purpose.

This controller was dezigned in HUCLEAR & MEDICAL
ELECTROMICS DIVISION Ln WARSAW UNIVERSITY of TECHNOLOGY. The
earlier versions of apparature for HOSSBAUER SPECTROSCOPY
were constructed in the same place.

The CAMAC type 163 module Ls a kind of processor,
collecting data from HES and storeing it in an external
memory ( CAMAC 203 module 2048%2484 bitsz RAH ). The Dblock
diagram of this module is presented on figure i. The central
control unit sends s2ignals to Lnternal counters, internal
CAMAC addpress generator, CAMAC HAF generator and the internal
adder. The CCU is controlled by the CAMAC HNAF decoder, which
«-a turn on and off data acqusition process, and 1is
synchronised by the start, stop and channel advance signals
from module €89 ( the triangle voltage generator to control
vibrators ). The ¢CCU realises a nicroprogram which

flow-dlagram iz shown on fig.2.
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CAaMBAC CATAVWAY lines F, 4, 8,X,G and ACB 1ipeas

: LN 1 AN
t BAF ! X, G ! F.A 1 B,BG, G}
v ! ! START ! for ACH
.............. ! ETOFP - = ——
t CAMAC HAF ! ! CHARHNEL ADVABCE ! CAMAC HAP !
! DECODER ! ! aignals: irom ! GEBERATOR
------------- ! CAMAC €98 module  -------ceaa-n-
! ! AN
¥ v !
................... !
! CERTRAL COBTROL '------c-n-- Bommmmmmn .--
! URIT ! '
------- E N ]
! H t
! ! R} - R2R CAMAC lines !
] * L e ————— - H
I mwmu= Pm—mmmama ] &
v H v v
! ' ' ' ! 1
Al ->! IETERHAL ' ! 24 BIT ! ! C.\MAC MEMORTY !
H ! | ! H !
A2 ->! COUBTERS ‘! ! ADDER ! ' ADDRESS !
! tavmdant ! ' H
B1 ~>»! ! ' ! GENERATOR H
' ’ ! ! !
B2 - ! ' ! meserssceaea-
! ! ! t 1
______________________ !
! !
! !
v v

Wi - W24 CAMAC lipes Wi - W2 CAMAC lipes

fig. t.

17h



AW A AR AE AT st s A A S B e n A T R mie aek s e A e e

¢ STARY H

A e e L e R A A A

------------ W v ————

! WEITE DATA TO CAMAC MEHORY !

+ YES -

fig. 2
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Bignal START sets the internal addiress register for
data area in CAHMAC memory consisting collectea data for
tracks At and Bi. The 1input counters are initialized and
started to count signzls from detectors. The channel advance
signal stopes one pair of counters and starts to send input
asignals to the second one. Next, the CCU generates 3 { & for
colecting 4ata in areas A and B ) CAHAC cycles. The first one
13 CAMAC function F{IT)A(D} which set an address in CAHAC
memory. The second one i3 F(OJA(DO) - read data from CAHAC
memory to an internal register. In this register data are
added to data counted in the last channel and send back to a
CARAC memory by fTunction F{l6)A{0), This procedure is the
same for the negt channel advance signals.

Receiving the stop signal CCU changes addressz register for
data area A2 and B2. The procedure is then the same as it was
written above.

The CAHAC module 163 has the following
possibilities:
f.Data collection in four areas called A1 A2 Bi,DB2.
2.Data are coliected in 2%6 or 512 channels
depending on module 889,
3.Data collection in normal mode (multiscaler mode)
or with * ipnversive summation * {(Ai+A2),(Bi+B2)

List of CANAC commands accepted by thls blockK is as
follows:

i. F-26 A-1 - collect data In areas Al and A2
2, F-26 A-2 - c¢ollect data 1n areas Bi and B2

3. P-26 A-0 - collect data in both areas

&, F-25 A-1 - sztop data acqusition 1in arcas A

5 F-23 A-2 - stop data acqusition 1in areas B
6., F-284 A-0 - stop data acqgusition in both areas

The design of the autonomous controller for MES in
CAMAC system was the simplest way +to¢ give the new
possibilities of data analysis for all HOSSBAUER SPECTROMETER
users. Data <ollection always needs a long time, So using the
main processor to do 1t 15 a waste of 1ts possibilities.
Using CAMAC 163 module, the maln processor Serves only to
start data acqusition, to stop 1t apnd to analyse collected
data. This system connected with the avtonomous dasplay
module ( which is described in the negt paper } gives a very
useful, for physiciasts, spectrometer with a wide
Possibilities of data processing and analysing.

176



H
REMOTE MO35DAUCR DATA TULANSHISSTON TO THE COMPUTLR
SYSTEM ODRi-130% /ICL-1900/; TMPLEMENTATION OF TG
MOSSLID LIDRARRY UNDER TilE GEORGE-3 SYSTEM

P. Leo‘niowski®, B. Miczko', K. NMucbonbauer™, B. Sopiot™
XInstituto of Nueclear Physics, Cracow, Doland

*inboratery for Physico-chemical and Trace Analyscs
Dept. of Chonlstry, Jaglellonian University,
Cracow, DPoland

1. Introcduction

A remote lidssbauer dato transafer to -ho powerful mainfratoe
computer boing operatod on the around the clock hHasis atill of.-
fors somo adventages as compared to the data evaluation by ceams
of some local micreocomputer of the PC family at lonst as long
as the sophisticated Softunro of the MOSSLIB class is required
[1]. On the other hand, cmltichanmol analysors are best suited
for accumlation of the Méssbausr data due teo tholr [lexible
dwell times, woll designod memory buffers and last but not least
high quallty and fast converters bolng indispensable in thc bacik-
ground noasurements. Unfortunately, many otherwlsc high quulity
analysers like our NTA-102k do not havo serial data outputs of
tho RS=-232C standard and many mwainframos like ODRA-~130%5 /ICL-190:0/
are poorely deslgned as for as the remoteo communication 1s con-
sidered. ’

Ylere wo uescribe a romoto data link we have dosigned and
put in eperatien in our laboratory betweon the NTA-1024 amalyser
ar.’. ODRA=1305 computor, a mainframe in the Institute of Nueclecr

Imysica.

2. Hardwaro

A basle hardware configuration ia shown in Flg. t. The }'@ss-
bauer spoctrowetor has beon purchased frowm POLON fexcopt dotec-—



tors/, vhile ¥TA-1024 analysor, ..V recorder, pvi.ter and compact

cassette unit vith t%e cassctte tu; - rccorder .. . deliverod by
EMG. A remote terminal TUP-83502M aquipped with the koypad and
monitor has becon purchased from T~ IT. 3 ot printer DZM-180
is o product of 'IENA. A Computer Centre cyg iy, ! our wmainframe

/ONMA~1305, product of ELYRQ/ with the MPXSCAX sennner boing
able to operato at the mement up to 16 rentote stations. The pro-
tocols being able to operate IMP-8502M terminal and a remote
printer DZM=180 have been purchased from I{{COMD /produccr of
HIMYSCAN scanners/. A printer 1s operated At the ooment in the
synchroncous mode with the synohroncous protocol /b wires roqu-
ired/, whilec IMP-8502M can be operated either asynchroncously
/it has to be cquipped with the apecinl clock for this purposo/
or synchroneously. We havo found the aynchironcous mode much more
rcliable nnd at the mooont IMM=-8502M is operatoed synchroncousnly
/n1s0 4 wires regquired/. It has to be noted, that in ovder Lo
orerale a synchroneous mode, a ¢loek haw to he inataltled in the
appropriate MTUSCAY chunnel. A DZM=130 printcr bas to he cynipped
witlr the sorial/puralilel interfaco desiymed for either syurchre-
negus or asynehironoosus work. Sueh interfaces could be purchizerdt
Trom MICOMP and/or made by any clectronic wvorkshop. Tho printer
czn be also oporatcd as a hard-copy of the terminal /2131 neccos.
+4ry connectors can be purchased from IMPOI-I1T/, but this mode
i3 vory inconvenient in printing FORTHIAN outputs. Summonrilzlng,
at tho moment our Computor Centre 1s able to oporatc up to 8
sivations similar to the one describod above provided thoy are
wloser than 600 m frowm tho mainframe sito.

The main problem was to intorface a compact cassctte unit
with the terminal IMP-8502M. The intorface No 2 has been mado
by THPOL-TT on speclal request and extensively modificd by us,
While the interface Yo 1 kas been cntircly made by us. Tho data
are transmitted in blocks having tho following format 127{I6,
':j. I6§ using n terminal screen memory as o buffer. The Tile
Structure is a sipulation of a punchod tape input and could be
read by FORTRAN programs operatod under the GLORGR-1 system duo
to the cxeeptionally leng internnl record of the 1CI~1900 systcms.
Transmlttcd flles are stored in the mnss~storage of the systemn.

A tronsmission of 1024 channels (? charactersa/chamnol) takes
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about 90 a. For a remote link to the mainframe we have applied

existing phene linea /exospt for short non-extstent proviocusly
parts/, howevor they wero rewired to make them non-commutable.

start T P!'fnft‘!'
Mdssb. [ 1 "I NTA-1024
L L adv. —o X-Y rec
spectr. [ .q .
mp.
ampl. } ! ggss%tte
\ Unit -
(8 track] tape punch......._..__—rf""'
~10m__ ASClifparaliel) f werocy
~ 750 char./s —
|
. I
BE ~300m.2400b/5 V- 24 |
interf.No2 _._I 2400 Kl L]
Terminal V-24
e L0 [
-§502M "3 '
v [ozm-180 Prnt] | -
Keypad p g (LOGABAX)

IMPxXsCan ODRA

Fig. 1. Basio hardwaure configuration.
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3. Sofftwara

A MOSSLID software {1] is being continously adopted to be
operables under the GBORGE-3 system. Some modifications, cspeclal-
1y in strins variables were essentlal due to the peeculiarites of
‘eithcr operational system or FORTRAN cowpiler. Somo formats have
to he modifiod due to the lioitations in existing hardware. At
tho moment GMFPSS [t] 1s fully oporable ms well as ODRA-CALFTT-
an intoractive znd somewhat simplified version eof CALFYT, similar
in dosign to LCALF [1]. Free formats are extensively introduced
Ifor cither batch or interactive procecssing. The main dravwback is
a complete abscnce of a graphic library and therefore “PLOT can
not be transforrcd. At the moment datm for plots can bo transfcer-
red to CYRBCN-72 only by meana of non-s=tandard magnetic tapes.
However, the staff of ~ur Computcer Centre dovrlops a direct link
boctwoon tho two systems by means of a microcomputer.

The basic flow of data within the implemented *10S51.30 libro-
ry 1s shq:n in Fig. 2.

The exccution time for ONMA-CALFIT 1s about 150 3 as compared to
20 5 oen CYDBER=72. The turn-around timo is usually lozs than 10
Ein. GMFP5S exccution takes typieally 1000 s /150 5 on CYFI-727
and turn-around time should not excceced 3h in the worst cosc.

It has te bhe noted, that GMFPES requires abeut 280 kbvtes of the
central memery (B bits/byte), whilo ODRA«CALFIT is significantly
¢thiortor. The total system oporatiohal memoery is ut prescnt 758
kbytes. %We have found no need te use a double procision deaplite
the Tact, that CDRA operates on 18 hit reals, while CYnNmu-72

tas 60 bit roals. Tt sccms, that the arlthmetic of complet va-
wiables is much slower under the ICL FORTRAY as compared to the
CHC~-TTX.

A Jotailed list of the ¥MOSSLIN library content can be ob-
tained upon request as well as copics of the programs. Nine ver-
sienis of the Titting program, threc versions o the cnlibrating
mrogran and two versions of the plotting progranm zre available

2L piresent.



——1 Data Calibr |je———
-t Interactive
~— /nput/Output Data set
ODRA -CALFIT
-— |folded d. Output
 d
Input —‘ l
Fitting Program,eg.GMFP5S
l l to Cyber
Output Plot —» after
processing
Fig. 2. Flow eof doata within the implemented MOSEI TN librury.

Datn sat 1s used to store some frequently used Llrput
paraumcters. ODRA-CALFIT 1s an interaetive progran,
i.e. it oceuples o torminal link until the executlon

is torminated. Hewever, all the quostions to the ape-

rater are bunched 1t the beglnning of execution.
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THe CRUER IN ALLOYS STUDIED BT THE MOSSEAUER EFPECT

J.E. Prygcrowiak

In-titute of Physiecs and Chemistry of Metals, Silestan University,
£0U-007 Katowlce, Peland

A3STRACT
Some applications of the Mdsesbauer spectroscopy In investigaticns
of iron-based alloys are presented. In particuiar we discuss:
dcternination of order parameters and ordering process in Fejal

alloysa.

1. Introduction
The atcaic ordering ln substitutional solld solutions ¢f metals

is au example of collective phencomena. The distribution of atoms

in ordered ﬁxE1-x alloys {5 described by function wﬂﬁtlk) y which
pives fraction of A atoms in the k-th shell of an arbitrarvy 4 atunr.
“hile the classgical methods of studying ordering are in principle
capable of determining the average values ik' the Mbssbauer effect
tazed on the measurement of hyperfine interactions /hf/ is sen:iti-
ve to the w(;k) itself, in contrast, hf Interactions at nucle s
are determined mainly by its first fi/ and second [}/ neighbou:
atems, It restricts the Missbauer spectroscopy to the study of the
w(i,j} function,

Many attempts is made to determine the order parameters of al-
lcys from MBssbaver specira. In ferromagnetic alloys the influence
of ordering is first of all visible on the outer lines of Llhe ids-
sbaver spectrum., It is sometimes possible measure the w(i,j) for
a limited set of (i,j) configurations [1-ﬁ] . In the second siep
from these w(i,j) values the order parameters can te caleculated
ty using the eomputer simulation technigue [4] .

liBssbauer spectra of ordered and disordered z2lloys ofien differ
primarilly in the line width of the outer lines, The interpretaticn
of the line broadenlng is consequence of the existence ol a distri-
bution of atomlc environments for the iron atoms which forms a dias-
tritution of hyperfine fields. In this case use of tie ccrrect for-
mula for the w(i,J, is important for determination of the order pa-

rameters [5-}] .
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In this paper we presgent some chos~n applicatlons of the
“Mgsbzusr spectroscopy in the study of order in Fe-based alloys.
in the szction 2 we deseribe a method of deternining ihe lonpg-

rance order parameter 5 framhyperfine fields distribution P{H)
In the scction 3 the results of lMBssbauer measurenents on ordered

fe.al alloys are presented,
)

Datermination of the long-ranpge order parameter from hyperfine

fields distribution PL4} .

Foliowing many works, mainly on iron allays with dilute ippu-
rities, we can assume that in binary AxB1-x alloys, whersz A atcms
are Fe atoms, the isotropic and additive magnetic contirituticns
of only the nearest and succesive neipghbours are jmnortant, In
this interpretation, the hyperfine field th is a well=defined
Tuantity for a given atomic confipuration. Tt wag slown [?] that
tasing on the precedure for contiucting ihe u[i,J) fonurtion [E]

‘he wean value H and variance DF of hyperfine fictis alcbeiburion
H ) in alloys with L‘i2 and 120 superstructures ean he wplitten I

the form of - - 2

H=H - K&

d 2 324
D, = D, + &8 « B+S” ~ K& Far

it| d

where:

Ed is the mean value of hyperfine magnetic field in the
disprdered alloy,
Dd ia the variance of magnetic fields diatritution in the
disordared alloy,
K =A1{1(z1-3223‘|)/(160) for L1, strugture,
K = 55{1(3.}-2., A) fic) for 12 strueture,
b1, and b.m are the changes of the hyperfine fleld at the
centrai Fe atom due to nn and nnn iron atoms,
&~ b.‘"i?/b HEy + ¢ is concentration of Fe ators in the allov,
2, and z, are the numbers of nn and nnn cites respectively.
Jhe parameters 4 and B are square functions of the varazetier [?J.
+& have seen frem /1/ that the mean value of hyperfine fieils
distrgbutian in ordersd alloys is a linear function of the aarame-
er 3., This iinear dependencz kas been ob=erved in Ri,:e ;nd
eCo allovs L?] In Fig. 1 the relation between © and the value

LTy
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of 82 for NiaFe and PeCo alloys investigated in [‘?] 15 shown.
I 159 290}
—
&8 —/
=]
&, 345 L.§_| zash
- T
1 1 1 1 L i 1
02 04 06 08 10 02 0« 0B
52——-- 52—-

Fig. 1. The msan hyperfine field K as a function of the parane-
ter 5¢ for NiBFe and FeCo alloys.

The stralght line calculated from /%/ satisfactorily deseriled the
experigental relation.

The value of parameter S can be determined directly from ,/1/
if the values of parameters K or AH, and AH2 are known. Un
the other hand, 1f A Hi are unknown they can bte determined by -<he
elimination of parameter S from /1/.

In Pig, 2 the dependence of H and Dy for disordered and orde-
red FPe-Co alloys as the function of Co concentraticon is shown,.

at %%

40 50 60 70 @ - 40 S0 60 70 &0

Fig. 2. B and DH parameters ve cobalt cencentration
for Fe-Co alloys [ 9] .

In the paper [9],the value of parameter ¥l was calculated using
relatlons ,f1)’. For the ¢, range /34=-50/atih the obtained value 3f
equals 0.9 while for ¢, f50-75/at% 1t is 0,8, The theoretical 1li-
nes /dotted lines in Fig. 2/ well fitted experimental points.
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T, Lebermirttion of order parameters of Feo Al alioys.
-

Tipary Fe-Al alloys in the range /22.4-25.2/ at.s Al were
investigated with use of I8ssbauer spectroscopy and X-rzy dif-
fracgiion techuique. The spesimene .ore prepared by vacaun induct-
don melsing uting eflestrelytic Fe and Al. A chemical analvais
fave 25,2, J4,% and 22,7 atili Ail. lhe ingot2 were filed inls pow-
der finur than 22 um. The powder specimens were annesled in vacu-

iy G0 for oo oh aud thea siowly coeled. In the second step the

rowder wa:s crushed by an agate mortzir., The particle sizs: were
-¢ss than .7 pm. The riled and cruched speiimens were used far
Ea

i e LAacc T ad X-rav Jiifraciion neasurumonts,
eramdanl M onaoer spectroneter operzt ooy i the Lonsian.
TErierttoooy s wiz deed. the Mllssbaacr vpccil o0l cenputler

dicalosel Yo LesodessiLees Titting preogram asstouirng Lorvintoian
CarL. ML owigngtice {elds distridution P(ﬂ) war alge jetermined
e Svrec-REbarteen meilhod J10,, In this ~alculati-n ihe liwea,

-

Tolation Leeiwen hyperfine fields th and toomer shaft 1. #as ac-

The ¥8sctauer spectra of ordered Fe-25.2, 24,3 apd 2.7 at,. Al
niloys as well as corresponding P(d) distributions are shown in

'SIV] i P{H)

o 2 e

5 &8 8

T T
o ©o
S o
T T

b) 190 250 310

T

H [kOe]

6 & 2 ¢ 2 & 6 190 250 310

slge 3. ‘Bezsbaver spectra of ordered a/ Fen, 24l

b/ Pe_~ ¢Al,, . alloys and corresponding D(h) curves



As we can see from Fig. 3. the peak distributions, characteris-
1ic for E(8), H(T,&).H(S), H{4) and H(ﬁ) iron enviroments arc vi-
gible. In this way, the corresponding fractions w(i} can be detcr-
mined as well as the average rnuwber N, of ¥Fe atomes within tre
first shell,

For comparison results of M8ssbauer and X-ray investigzatiens
we introduce according to [rﬂ an order parameter

L =(Mo ~ W)/ (Na-5.33)

where Iy is tne average number of Fe atoms witﬁin the an volume
“or random distribution. “he N(DOS) = 5.33 is the averapge nuzber
0f Tz atons in the first shell fer crdered Feaﬁl akrlcy.
The orier parametersfd calculated from w8scbauer spectre and Ll
parase-ers raloulated frow X-ray diffraction results [%2 are col=~
locr:t in Taklie I.

table L.

Crder Annealed sample Crushed
parameter 25,2 24,3 22.7 25,2 24,3 22,7

i p 0:99 0.96 0.16 0.35 0.60 0,12

Ry 0.9c 0,63 0.15 0,58 0,41  0.,0%

As we can see the order parametern-flufor annealed samples are
nigher thaen-fl; parameters. This resultls suggest once more that
the M8ssbauver effect is sensitive to the order within domains
whilc ¥-ray diffracilon averages over the crystal. For the crushed
alleys the plasiic deformations create large numbers of antiphase
boundaries across which inerease tne number of Fe-Fe palrs,
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THE FIFTEEN YEARS OF MOSSBAUER SPECTROSCOPY IN EKATOVICE

Tadeusz J. Panesk
Institute of Physics & Chemistry of Metals, Filesian University,
42-¢@7 Katowice, Bankowa 12

1. IBTRODUCTION

The main purpose of this paper ie a short precentation of re-
sulte f Mossbaver effect applications ta study the structure and
praparties of alloys. These applications were done in the Institu-
te of Phyaics and Chemistry af Metals by a group of physicists (now
S aclentific workers are woarking in thie area). Tha obtained ' re-
sults are our smanll contribution to the celebration of 25 years of
Masasbauer spectroscopy in Poland,

In 1971 we started with constructing a spectrometer with con-
stant accelaration of source (T.Panek, B.Jankowski, J.Frackowiak}.
The alectronic part of this spactrometer based on three electronic
elemants: tubes, semliconductors and integrated circuits (1, 39).
Hext we bought two other spectromelers produced by Institute of
Nuclear Research in $wier: and by POLOW {firm. In these spectrome-
ters the *7Co/Cr/ and Ba''*3Sn0, sources praduced by USSR are held.

The interest foci-ied on three subjects
a/ Methodology of the Méssbauer affect
b/ Phase transformations 1n allaoys, particulariy the atowic order-

disorder transition and the precipitation proceess 'n the super-
saturatad solid eclutions.

c/ The application of the MoSssbauar effect to the fast quantita-
tive analysis of iron content in c¢oal and other mining materi-
als. )

It can be mentionsd that in Katowice there are two other
smaller groups which applied Mossbauer spactroscopy to study the
magnetic materials (Drs E.Poplel, ¥W.Zarek in Institute of Physics
Silesian University) or to study madicines (Prof.T.W¥Wilczok, Insti-
tute of Pharmacy, Medical Academy Eatowice?.

2a. COETRIBUTIONS TO THE NOSSBAUER EFFECT METHODOLOGY

In the Mdeshauver effect spectroecopy {(ME) the complex spectra
as a result of the overlap of many near positioned individual
lines ara often obsarved. In this case the method of calculation
of the transmission integral e€{y> for an arbitrary number of
the ME spectrum lines has been proposed [6, 7, 42). The final
formula on the e¢(y> 1g given in the form of equations which are
very convenient in numerical calculations:

|
ely) T af T (=1)Pp—' I Ao C(Ky,..RD
p~1 Ky, kn

where y is gamma quantum energy in the excited level width units,
f~ emission recolileses fraction; o - constant; N - nunber of
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lines; A, is given by recureive relations {7, 42].

It i@ koown that botbh the sample with the non-homogeneity of
thickness and the dead-time of epectrometer influances on the de-
termining of the Debye—Waller factor. For the low activity of the
source the firet reason playes an important role and to obtain the
correct theoretical tranemi&sion spectrum it 16 necessary to take
into conelderation the electronic absorpiion coefficlant (p,) and
the term proportional to the second derivative of the transmiésion
integral €(y> which should be added to et(y> [22, 27, 42) :

L] 1

€Cy) = g, y) + Mithd 2 th
kL

whare <t>d=¢? 1s tbhe dispersiop of the grain size distribu-
ticn in eample and t=dt> (1- {?d),
This relation on ¢(y> intreoduced to the analysie of ME spectra
for pyrite tha Debye temperature and the anieotrophy of the Fe
atops thermal vivraetions allowed to obtain (23, 28, 427 Further-
more the computer programs in FORTRAN 1V were dope for analysls
of simple specira by the least aquare fitting procedure of single
loretzian shape linae, dublets or Zeeman patterns to the measured
spectra {2, 4, 39). The program for obtaipning tha maghetic hyfper-
fine fieid distribution by Hesse-Rlbartch mathod (13, 15, i6).
The program for modelling the structure of ordered crystallite
by the use of the Monte-Carlo method [ 8, 49).

Z2b.¢ THE STUDY OF PHASE TRANSFORMATIORS 1IN ALLOYS

The atomic pair interaction modal givaa the posesibility of a
unique thgoretical description the atomic ordering or clustering
in alloys. Assuming the near neighbours interaction in the binary
AB alloy the configuration energy of syetem 1s aqual E=skwNa.

Joe is the numbar of AB atom nalrs and »=2&am-Eso~RBae

& pairs interaction ensrgy.

But this experimental evidence is not enough to confirm this theo-
ry. Therefore, we have investigated by means of *“Fe Mossbauer
spectroscopy the binary and ternary alloys that show atomie or-
dering (w>®) or clustering phenomenon (w<®J.

The method of obtaining the long-range order paramster (3> from
the experimantally determinad mean value of the magnetic hyperfine
fieid and the variance D.. of hyperfine field distribution P(H)
was developad {20, 33]. This method was applied to the invaestiga-
tion of atomwic¢ ordering in Wi.Fe, NHi-Fe and Fe-Co alloys (3, 8,
24, 29, 30, 32, 4¢]. Using the ''~Sn Hossbauver spectroscopy the
study of influence of ageing effects on tha structure of CuZnSn
shape memory alloy was aleo performed (25, 34).

Tha Cu base Fe alloys were taken as good model alloys for study
af atomic clustering [19, 31). The influence of Sn and Be on Fe
precipitation kinetics and the dispersive hardening of alloy

wera carefully analysed (11, 12, 21). Also the precipitaticn was
studisd in more compliicated materlals a& for exapple in steel

[S, 13, 14, 16, 18). The correlation betwsen isomar shift and

a positron annibilation parameter S bas been observed in N1-Fa
alloye i@, 411.
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One of tha practical applications of the Mossbauer effect involves
the guantitative analyeile of iron in coal and some ores. The basic
description of this method and propoeal of analyser wag raported
in (17, 34, 37,38).
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