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INTRODUCTION 

K.Ruebenbauer 
I n s t i t u t e of Nuclear Physics 
Cracow, Poland 

Pol i sh Llbssbauer Community Lteetings were organized by the In¬ 

s t i t u t e of Nuclear Physios i n Cracow since oar ly sevent ies ::.o£-

t l y due to the e f fo r t s of Dr» D.3,Kulsa;;czulŁ. They -.aero silked 

a t gather ing of the majority of domestic workers in tho Tie-Id 

in order to exchange information about the latest scientific 

and technological achievements and to establish informal tie: i 

between different groups scattered across this counii1?* '2z\i pre¬ 

vious .Meeting has been held at Mogilany near Cracow in Oc&oiaor 

1981. 

This L'eeting was held in the Institute of liuclea. i:ijfi< zz 

from Oct. 8th t i l l Oct. 10th, 1936. It was a ;;orc.,;:at particu¬ 

lar ..looting as i t coincided with the 25-th ar.:iivorsary oi: .he 

application of i-IUssbauer specti-osoopy in Poland. '_•: cn;£or>jtt a 

special session reviewing achievements aaa dev̂ icû oTvS or t: s 

aajor groups has been organised, "he i.eetiriij satiieroć auoai 

80 participants frosi 25 scic-iitii'ic esuabliałv.;oni;s. I; '.LVS ta 

be noted, that at present about 10 croups aro aur^uinj i?-.ivo 

corperinontal investigations by neans o£ ^Uasbauor spssii'j.roonv 

in this country, 

A Steering Domestic Coai;.ittee of the Polish .JBssbauer Com¬ 

munity has been forned during this .'.'eeting. Its n:ain air.3 ccs 

as follows: 

to pursue some kind of lobbying and advicing nostly concerned 



with the design of now equipment offered by domestic commercial 
companies( to advice and help newly formed groups, to coordina¬ 
te expensive and sophisticated exporinonts, to exchange isfor-

' mation between groups /mostly sof ware/ and last but not least 
to be a donestic representative of our Coimaunity to the ICAFSE. 
The Coranittee is open to all individuals interested in the 
Mentioned above activity and especially invites group leaders 
to cooperate with. The following people are the aeabez's of the 
Committee at present: 
Dr. L.Dobrzyński /Białystok/, Prof. E.Xrop /Cracow/, Dr. T.?a-
nok /Katowice - industrial relationships/, Dr. K.&uebeiibciuer 
/Cracow - software development and exchange, chairman/, Dr. J.Su-
.valski /Warsaw - KOssbauer sources, especially short-living/, 
Mr. J.Szlanta /Hadom - high- temperature equipment/i Dr. II.Szusz-
kieivicz /Wrocław - cryogenic equipment/, Dr. tf.Sych /V/arsaw -
suc-ctror.oters/# The Coraaittee asks to contact iieabers respon¬ 
sible for particular topics in ail matters concerned with a 
given topic > As far as the softs'aro. is concerned we isanfc to 
nuke a. complete list of available iteiss and therefore all ooo-
r.lQ iiJorested in exchange are kindly requested to send a iihort, 
but comprehensive description to Dr. K.Ruebenb&uer 
of Nuclear Physics, Cracovi/. Those interested in .MOSCLIB im-
pleaontation should nake a contact as sontioned above. 

Uext Meeting is to be organized by Dr. V<»Zych at .Varsa;; 
technical University in Sept. 1988 in cooperation with the 
whols V/arsaw !.i8ssbauer Comiaunity. 

Finally, I would lite to thank all the people and establish-
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nent;s who contributed to the organization ot the Meeting, i.e. 
the Board of Directors of the Institute of Nuclear Physics for 
a financial assistance and continous interest* for. 7/.No»ick± 
and his staff for their technical help, Dr. K.Ptak, r*r» .'.'.Bed¬ 
narz and their staff for printing all the necessary naterials, 
ŁIrs. CtSzklarz for her secretarial voric and last but not least 
ray colleagues from the Organizing Conaittee, i.e. Dr. D.S.Kul-
gawczuk who did most of the organizational v/ark, i!s» B»r!ics*K.o 
and iir. B.Sepioł. 

Cracow, Jan.. 5th, 1987* 
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BEGXMXXNGS OP THE MOSSBACER HTVESTIGATIOie E f POLANO 
- MOSSBAUER SPECTROSCOPT I X THE HfSTCTOTB OP KUCLEAR 
PHYSICS IN CRACOW 

D.5. Kul«awcsuk 
Institute of Nuclear Physios la Craoew 
Found, 31-3*2 Cracov, Radzikovskiogo 152. 

In araory of Prof. E. Xievodniczanski 
- first Director of the Institute of 
Huoleer Physics and Mr B. Keller -
first hsmd of Mechanical work-shop 
staff of that Institute. 

It was 25 years ago. In the »iddl« of 1961, three physicist:*, 
dr A.Z. Hrynkiewicz /fro* the Institute of Vuelcar Physics an'f 
the Institute of Physics of JagielIonian University/, D.S. Kul-
gavezuk /from ETP/ and H. Iizurej /from IPJU/ had an idea to 
construct an apparatus for „£e investigation of nuclear fluore¬ 
scence of gamma rays, the new phenomenon discovered by fl-I.. V.ISss-
bauor in 1959- For this /known at that time as the ?H>ssbaucr 
effect/ he was awarded the Nobel Prise at the end of that year. 

Our plans were interesting but we ideally did not know how 
to start. The Hośsbauer literature at that time was very scarce, 
mostly short papers in Phys. Letters. 

Our aain problem was how to prepare the source with nono-
v rm 

energetic line of 1<t.4i keV of J Fa and how to move this source 
relative* to the absorber or vice versa. 

One of us /D. S.K. / proposed a special can easy to sake on 
a turnig-latho. It consisted of two halves of left and right 
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•crow twirl. Such a ca» a* m i l as the rest of the Mechanical 

skeleton of this apparatus was made by aecbanical work-shop staff 

in our Institute /Fig. 1/. 

Fig. 1. The cam for changing the rotative movement 

on two-directions linear Movement /from £0/. 

• 

The first MOssbauer source by direct activation of stainless 

thin foil was made in cyclotron of INP in Cracow. From the acti¬ 

vation by deuterons with about 7 MeV energy and after nuclear 

reaction, 

we received radioactive * Co, but unfortunately in a magnetic 

matrix. /Six line MOssbaucr pattern with stainless . atoeI absor¬ 

ber/. Demagnetisation of such a source was achieved by heating 

/in quartz tube/ and next by rapidly cooling it. After that a 

single oonoenergetic of tk.lti keV line of *'Fe was soen. Ours 

was not a very good source, but at that tine in Poland it was 

a success. At that time a young student J. Bara joined our snail 

group and he calibrated the apparatus as his diploma work. 



The schoae of this new Mechanical apparatus can b« soon in 

Pie. 2. 

Counter 

CD 
A S 

X 

P 
sp 

Preamplifier 

'*^«*gw«g 235 
I i •-

Amp/ifiei* 

analyzer 
£+ 

Sealers 

Fig. 2. Die schematic view of the new apparatus 

/rrom 

Generally, the operation of this apparatus was the folloi/img. 

Camma rays from the source S passed the absorber A and then were 

detected by scintillation counter (with 1 an thick KaJ Tl) cry sta 1. 

Pulses from the detector due to Sanaa MBssbauer line after pre¬ 

amplifier and amplifier were selected by a single channel ana¬ 

lyzer and rcgistred by sealers S and S . At tiie save time a se¬ 

cond pair of sealers /L+ and L_/ counted the standard pulses 

/from pulse generator/ for the pulse time calibrator. All sealers 

were operated by. a controlling device for positive and negative 

relative velocities of the source-absorber. X should like to add 

now that later we used three pairs of settlers-third pair for lone 

time measurements as a noriealization. 

In the years 1961-1968 /in 1968 DTP bought nodem ?:.S. with 

((.00- multichannel Intertechnique analyser/ ire had only that M9ss-

bauer apparatus to uae. 

It is worth noting that the first Report referring to our 
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ncv apparatus appearod in December 1961 \J\ , »e© Fig. 3. 

POLSKA AK ADCMIA NAUK 

msrnur nzvw JĄPROBCJ W KKAMMME 

pouaw ACAOtMrer SOOKXS 
HSTirVrC OF NUO£AR 

APRARATVS FOR THE HVESHGATION 
OF THE M&SSBAUER SPECTRA 

AT ROOM TEMPERATURE 

in a. «.M»»«i 

CRACOW 

3. The firat report /from 

The first lecture on the MOssbaucr iiiveatigation by A.Z. 
Hrynltiewicz and D. S. Kulgavcssuk was given by nyself at mibna 
Mttssbauer Conf. /1962/. The paper presented prclininary results 
of MDssbauer measurements in siderite /FcCO^/, lepidocrocite 
/ ^ / goethite /eC~FoOOll/t and tivo others iron compounds 

Just after the conference D.S.K. made a new and more noclern 
JWssbauer source Co/Pt/ by direct current-heating of thin pla-
tinutn foil with a drop of J CoCl solution. Tliis pionecrir..~ ciethod 
/at that time/ for MSsstaaucr source preparation is illustrated 
in Fig. h. 

That ner: and nuch better source wade serious Mflssbauar inve-
stications possible. /Monoenergetic ganra line of Ik.hi Uc". cf 
57Fe with vf" about JO'fo and ZPsO.^h BB/S vas published toy J. Dnru, 
A.Z. Ilrynlciewiez and J. Stro/iski 



thin Ft: foil .vith %'r.o 
ovaporaSi 
solution 
evaporated drop of -''Co' 

vacuum 

Fig* **• Current heating for tho MGssbaucr source prcp.1r.1tj.cn 

Then D-S.K. could more accurately repeat Mflssbaunr'a study in 
lepidoeroeite and goethite at roon temperature. Unfortunutety at 
that time we could calculate the Mflssbauer spectra by a "by han't" 
method only. The time needed for those calculations vn.s rauch 
longer as compared with modern computer techniques just now. 

In lepidoeroeite only a doublet of quadrupole interact Ion 
appeared but in goethitefso complicated that at first ay coo»or!,-
ers said it had to bo a mistake")— a double Zeonan Splitting -;r. i 
found. 

All the same these measurements were published as Hepo: I 
INP /May 1963/ and Aota Phys. Polon. /1963/ £'•] , see FIG- " 
Today we know that in some samples of gocthite /as troll in ou;-s 
fron Poland/ a continuum of internal raacnetie fields cxista. ':••.••: 
at that time and with that method it could not have been caici-
latod. 

In t963 in cooperation with Dr J. Kubisz fr-ou the Acaiiorjy 
of Mining and Metallurgy in Cracow the MGssbauor BoasuroBDntw 
at room temperature were porformod in iron sulphatos of the Ja.:-o-
site group /six samplos/ and published [5]. Also in 1963 in coo-
pora t i on with Dr X. T-ezsi from Central Research Institute for 
rłiysies in Budapest /Iluncary/ the MOssbaucr spectra noasurrrt at 
room temperature were performed in CoFc,(V, |.6J . 

Hie measurements of the JttJasftauor spectra made at room tem¬ 
perature only were not sufficient, so I decided to measure the 
MOssbaucr spectra in goethite vs. temperature. Tothis aic /n. .c '< ' 

H m a s and 
I 7 



W 

Fig. 5. MOssbauer apectra tn lepidocrocite /a/ and 

in goethite /b/ taken at room tonpcrature 

/from [%"]/• 
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a simple aewar /for LW2 temperature/ and also * siaple furnace 
.'without -v&ctxua/ vere Had*, **e Fig. 6. 

i 

3 
| 

: • • " 

Mi 

m 
'ik 

';>• 

•M 

U: 

\ . 

m 

••s s ;V:7^;.:; 
\ / 

Fig. 6. A simple dewar for LK, temperaturę measurencrnts 
/left/ and a aiiaple furnace with mercury eont̂ .cct 
thermometer operated in flip-flop node /right;/, 
/from £io)/-

This additional equipment simple and easy to operate has 
worked up to now /temperature measurements with accuracy - 0.5 
dee./. 
The MOssbauer measurements vs. temperaturo of hij£ structure in 
natural goethite /from Poland/ from LJI, up to about 500 K have 
been performed. Those measurements vere murdcroua, because twelve 
spectra /about k8 h of nonstop for each one/ wore needed, which 
involved practically no sleep for all that time, and T still 
remember It. 

After the measurements I began the calculations by the sane 
method as before. After elaboration the results /Fig. 7 and 
8/ were publi-shed in the Report JSP /May 1965/ and /a Tittle 
change of the text/ in Phys. Letter* 1965 [Tj-



Some of the Mflsabauer spectra in goethite 

taken at different temperatures /from 

In spito of bad resolution /at that time I had no other 

possibility/ of our spectra it certainly was the first discovery 

of antifcrrocngnctism of goethite /below their T N temperature/In 

controversy to earlier monographs /Solwood t95<5/ \fij which trea¬ 

ted gocthitc as a paramagnetic compound. 

In our paper in Xtays. Letters £7J there vas a problem as to the 

existence of four antiferromasnetic aublatticca in elementary 

cell of O£-Fe00K according to a hypotheses of Naish and Turov 

jjpJ. The authors of this hypotheses have proposed a "cross struc¬ 

ture" for Dgh space group /goothito structure belongs to that 

one/ but it was not confirmed in later papers. 

In 1965 D. S.K. vas the first to receive a PhD In the Mosaba-

ucr Spectroscopy in Poland, for * thesis entitled "Temperature 
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Traperniurc, *X 

Fig, 8. Temperature dependence of the effective 

internal magnetic fields in goothitc /fron 

frjand {to]/-

dependence of internal magnetic fields in gaothite 

by means of MOssbauer method effect". This thesis also p-.osonr-s 

the results of the temperature dependence of isostor shift :n.i 

quadrupole splitting from which the ancle between the cagnctic 

and electric field gradient direction in goethite was calcu¬ 

lated [io]. 

Almost at the same time in our library two papers iir.porturvf 

for that problem appeared. Fhys. Letters with our paper (_7j ;-.rt<i 

J. Phys. Soc. Japan with a' short /ono page/ notice by T̂ kact; rt 

al. |]M1 about Mossbauer goethite measurements.The Japanese )'flar,-

bauer group observed only one internal magnetic field in their 

goethite sample, see Fie- 9-

Since that time a considerable problem has appeared: why 

had different results been obtained in the same minernl compound 

known up to that time in mineralogical tables as goethite" 

the and to different speculations and comments /very unpleasant 

for mm/ was put by a Hungarian Mossbauer group L12J. 
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« t e n «*«•.*• mi r-MOHat 1M« awl 10OTC. Pif. 1. 

Fig. 9. Japanese MSssbauer group raeaaurementa in 
soetblte at 110 X and room temperature 
/from [li]/. 

Deźsi and Fodor /I966/ from Central Research Institute for Phy¬ 
sics in Budapest in their laboratory, on their Mffssbauer appa¬ 
ratus measured both Polish and Japanese asunpl&a and their results 
confirmed both previously obtained results, those by both the 
Polish and those Japanese group. 

Moreover, Deźsi and Fodor made additional measurements by 
DTA method y2J. Xn our goothite sample the authors of j_12j found 
crystallization water but in the Japanese sample no water i«as 
found. It became clear that at least two different minerals of 
goethite exist, not to be differentiated by a rentgenographic 
method. 

In the same year /1966/ the "Mflssbauor Effect in 0C-F0OOI]" 
paper appeared QjJ* Van der Voude and Dekkor in their clean; 
vorlc on the temperature dependence measurements of hpf strvsti-'-a 
in goethito /from Losovithiel/ also observed one internal oa&--.c-
tic field. Th»ir conclusion drawn from the Mflssbauer and other 
methods was that there is a whole range of goethites that can be 



divided Into two classes: A - goothite showing two internal 
magnetic fields and tvo peaks in OTA, D - goothites showing one 
internal Magnetic field and one peak in DTA method. 

Comparison of the most important /at that tine as well as 
modern/ measurements data toy MBssbauer Spectroscopy method can 
be soon in Table 1. 
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It is intcrostinc that tho internal magnetic fields in the 
natural as well as in synthetic s- r.ples of eoethite* reach al¬ 
most tho samo value for T-»0 (K)|I:J. 

Tlio Mflssbaucr group started by us grew very quickly and it 
was Gammated according to tho rule of evolution. Later other 
young1 MOssbauei* groups Korę fornod. Those groups generated aro¬ 
und J.Bnra /the first MOssbaucr diploma work/, around J.Sawicki 
/the second one/ and K.Toaala /the third one/. 

After D.S.K. had defended his thesis, he spent one year 
/!967-1968/ at tho Central Research Institute for Fhyai.cs /Buda¬ 
pest/. There, together with a Hungarian MSssbaucr croup, they 
carried out the Mtfssbaucr teriporature dependence r.ca cur cmonts of 
hpf structure inft- FeOOII an-3^ -PoOOH D£), see Fig.10 and Fij. 
1 1 • 

V * 
*Łi.. 11 a n HI 

Fic-10. Variations of tho isoreer .slilf t 5 > tho quadrupo' 
tine ' € and internal lnacnotic field II as a fissir 
tenperature in ffl-Fconn, /froiv. [isj /• 



-11. Variations of $ , 2€ and II vs. tonporature in £ -FeQOI 
/from CTsl / -

Therein, the Mflssbauer measurements for a group of JSl, . n 
6J. 

Later, in 1969 \»*e studied iron chel&te coaplexes/eleven sam¬ 
ples/ by the ??flssbaucr effect method [i7j-

In cooperation with the Institute of Iron MctallureT of the 
Academy of Mining and Metallurgy - Cracow, there was performed 
and elaborated a very interesting work /at room temperature/ of 
hpf structure for a- group of nonstoiohionotrie iron oxides of 
tHa Fe. 0 type /eleven saaples/ with 0.002 j< x jf 0.250 Jî Q» ' 
see Fig.J2. 

In the same collaboration the Mflsabauer measurements in cal¬ 
cium iron olivineafFo^^Ca^SiOfc with O-fi-TO.65 vere performed 
at room temperature and SOOK | i ^ » Also from that collaboration 
resulted yet another work on the Hflssbauer study of calcium vmg-
notitoa of ^jj^a.x0^ typo with 0^x^0*55 /nineteen samples .-
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- spoctra taken at room and L3fg temperatures 

Fig. 12. Sorno of the Mtfssbauer spectra for Fe. O samples taJcn 
at room temperature, /from [i8j/-

In 197'ł, in cooperation with a Xftsshsuci* group of the J. V. 
Kurehatov Institute of Atomic Energy, Moscow, the MSssliauer :r.ra-
surements in three samples of jarositc group /frc:n I- II. up to 
IA'2 temperature jsij-wore performed, at low temperaturę. 

Xii addition to the problems mentioned =t>ove, D.S.K. v.-as in-
tcrostefl in laoleeular biolOQ*. Soao collaboration with ror-poe-
txvo groups from the Chemical Department of the Vroclaw Univci--
sity and the Medical Aeadeny in Cracov was started: witli a croup 
of Prof ,B.Jeżowska-Trzebiatowska /to ChDr:X'/, the synthesis of 
nucleic acid fragments /adenina, guanine/ with iron Fe was stu¬ 
died |22J. Also with a group of Dr H.Przyvarska-Doniecka /to 



ChDWU/ catałase model complexes /biological enzyme/ Qi^as veil 
as the synthesis of horaoelobine /synthetic hem + natural eloM-
nc/ vcre investigated. 

With a. £roup of dr.J.Frendo /to MA Cracow/ ve started the 
investigation by Mttssbauer Spectroacopy or a sulfhcmoglobine 
/hemoglobinę eonnoetcd with sulfur/. 

In 1976 /in collaboration with the Institute of Geology and 
Mineral Deposits of tho Academy of Mining and. Metallurgy, Cra¬ 
cow/ research was performed on the problem of the nature of iron 
compounds in voll-cncrasting scdinents C2'1!* Also in collabora¬ 
tion with the Chemical Department of the JagielIonian University 
the Mdssbotuer measurements of the reduction of iron catalysts 
for amonia synthesis {25J were performed. 

Last but not least D.S.K's paper entitled "Problem of mag¬ 
netic dilution and particle: superparaiaagnction in iron oxides 
investigated by tho MOssbauor Spectroscop>-"0!6J)appeared in the 
Report of ETP, No 132't/PL /August 1986/. 

Nowadays the MBssbauer Spectroscopy in the Institute of Nu--
clear Physics in Cracow belongs to the Applied Nuclear Spectro¬ 
scopy Labaoratory as a part of the Nuclear Spectroscopy Divi¬ 
sion. The Mflssbaucr Spectroscopy staff in our Tnstitute have in¬ 
vestigated after different problems, Among then /Mr•R«Kciieć and 
Mr.J.Kraczka/ rare-earth with 3d, Ud and 5d /elements/ alloys 
wore studied. Hiis group also perforncd the investigation of di¬ 
luted alloys impurities like Sn in coppor and silver icatrices 
alloyed with some d-elements, and carried out a research of na¬ 
tural minerals. This group cooperates with a MOssbauer group of 
Nuclear Radiospectroscopy Division of the Institute of Physics 
at the Jagiellonian University as well as with Ors-Strasbourg 
/France/ and with Kernforachuncszentrun - Karlsruhe /FUG/, 

Tho second problem in which Dr.K.Huebenbauer, !{r.B.Sepiol 
froia EJP and Mr.B.Micako from ChDJU are interested is the high 
ton-.porature diffusion and the lattice dynamics via the ?!flssbauer 
Spcetroacopy. The group works in close cooperation with both 
the demos tic and international centers /domestic - The Depart¬ 
ment of Chemistry of the Jaeiellonian Chiveisity, the Department 
of niysics ot the Technical University in nadom, tho Institute 
for Materials Science of the Academy of Mining and Metallurgy, 

27 



Cracow; international - >!c?Ł*ster University, ILL - Concordia 

University/, 
The group i s especially concerned with tho development of 

hiG'ii tercperaturo equipment, single-crystal sources and ot last 
but not lonst with tho development of hichly sophisticated Mdss-
bauer software• 

The third issue n.S.K. has lately been interested in i s tho 
Mdssfoaucr studios of drugs. In the middle of 19&5 /the starting 
dato/ and in this year in cooperation with Dr K.nucbeiifc.-3.uer and 
?Ir. 15- Sopiol front TVP the mcaaarcrrcnts of tcaipcrature dcpcndoncc 
of hpf structuru in conu.ioroial <lrtics containin/j iron v;ero psr-
formed. Tlio detailed studies cf ferrous ^yluconate - raiin conpo-
ncnt of anemia druys /at !."„ tcn^craturo up to about 'lOOK/ wore 
also carried out. :Vftor the elaboration of the obtained results, 
the paper was written and sent to tho Ilypcrfirie Interaction Con¬ 
ference /rxincalore, India 1986/ [27]. 

Apart from that D.S.IC. has uliaost finished his habil ifca tion 
thus i s . 
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MOSS8AUER SPECTROSCOPE IN AGH 

K. Krop and J. ZuKrowski 

Solid State Physics Department, IH, AGH, al. MlcKiewicza 30, 
3O-059 Kraków, Poland. 

Móssbauer Spectroscopy (MS) in AGH exists in the Department 

of Solid State Physios of the Institute of Metallurgy. The begin¬ 

ning of this activity dates back to the term 1969/7O when one of 

us (K. K. ) as a Leverhulme Fellow at Physics Department of Shef¬ 

field University was intensively worKins in this field. After 

coming back home MS was being initiated in the Group.of Bulk 

Magnetic Materials in the above mentioned solid State Physics 

Department. 

I. Laboratory - past, present and future. 

Our laboratory was started with HOKIA-Electronics (Finland) 

Mossbauer spectrometer based on multichannel analyzer with 800 

channels. It was only in 1972 that the first Hóssbauer spectra 

were measured. Shortly after our Mdssbauer laboratory was equiped 

with continuous flow cryostat and a cryustat with superconducting 

magnet (3T) of Oxford Instruments Company to initiate measure¬ 

ments at liquid helium temperatures. At this time the activity of 

Hossbauer Group was mostly directed to enlarge our measuring pos¬ 

sibilities and to collect computer programs to fit (interpret) 

the measured spectra. So then, vacuum Móssbauer furnace was con¬ 

structed to measure spectra at elevated temperatures (above RT up 

to Curie point of iron ( 1050K)) and vibrator to measure spectra 

in the moving-absorber geometry was also constructed. Computer 



• programme to fit static and dynamic (relaxation dependent) 

Móssbauer spectra was brought into operation. 

To collect gasous helium from the operating cryostats 

Leybold's helium recovery system was installed. 

The actual measuring possibilities allow to measure trans¬ 

mission Hossbauer spectra on Fe, Sn and Eu nuclei at temperatures 

1.7K -*. 2K ( pumped cryostat J, 20K - 300K { continuous flow 

cryostat), 4. ZK - 300K (top loading.cryostat) and 300K - 11OOE 

( Móssbauer furnace ). 

The spectrometers are connected on line with HEPTUH mini¬ 

computer Jrtvich is afterwards connected with IBH-AT one. This 

enables to fit every measured spectrum. 

The nearest future of our HS is to introduce "in situ" CEMS 

in UHV on oligoatomlc Pe films, and additionaly measurements on 

some rare-earth nuclei with the possibility of simultaneous cool¬ 

ing of the source and absorber. 

2. Projects 

The first subject of Móssbauer investigations (still in 

Physics Department, University of Sheffield) was an ensemble r.f 

p-Co particles in Cu-lZCo alloy. The scope of this studies was to 

determine the spin-lattice correlation time of magnetic moments 

of B-Co particles.including the range where cobalt particles ex¬ 

hibited superparamagnetism. Thermal excitation analysis of very 

small Co particles which sises di4 not. exceed too atoms per r--> 

particle, was atso the subject .: f investigation in th* newly 

c-pened MS laboratory. 

One of the first studied subjects were also magnetic 



properties of disordered Fe-X ( X =Cr,Si,3n) alloys for which th«r 

influence of X-element on hyperfme field, spin and charge trans¬ 

fer were studied. 

In the second half of the seventies our Hossbauer laboratory 

started new problem I.e. magnetic properties of mtermetallie 

compounds of rare earth - 3d transition metal. This subject is 

studied with good results until 1 now and hydrides of these inter-

metal lies were also included. 

Our laboratory made also some contribution to the knowledge 

on physics of amorphous Fe-B and Fe-Zr alloys. 

The MS Group got recently valuable results on magnet n-

properties of ollgoatomic and monoatomic iron films (until I now 

in the cooperation with Technical University, Ctausthal-

There are several problems which were tacKled by our group 

due to contacts with people and other laboratories that willingly 

cooperated with us: 

- cation distribution in tltanomagnetites (subject brought by the 

post doctoral fellow from Australia), 

- phase analysis of tin oxide thin films (also doped with indium 

and antimony) in cooperation with the Group of Thin Semiconduc¬ 

ting Films, IM AGH, Kraków, 

- lattice dynamics of europium-tungsten bronzes (in cooperation 

with the Laboratory of Magnetochemistry, Warsaw University), 

- phase analysis of minerals (in cooperation with the Instituts 

of Geology and Mineral Resources, AGH, KraKdw). 

In the frame of listed subject 73 papers were published; two 

habit i tatLons (another two very advanced), seven Ph. D. thesis aivi 

twelve diploma works were completed. 
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3- Staff and international contacts 

At present the MS Group counts ten people including three 
• staying actually abroad. The Group cooperates with following 
foreign and domestic laboratories: 
l. Physics Department, University of Sheffield, England, 
a. Mining Academy, Freiberg, DDR, 
3. University of Saarbrucken, FRG, 
4. KFKI, Julleh, FRG, 
5. Technical University, Wien, Austria, 
5 Freie Universitat, Berlin West, 
f 'technical University, Clausthal-fcellerfeld, FRG, -

.institute of Nuclear Physics, Świerk, Poland, 
stitute of Solid State Physjcs, University of Cft-ts, Poland. 



MoSSBAUER SPECTROSCOPY LABORATORY AT ŚWIERK 

by J.Suwalski " 

I. Introduction and general description. 

Twenty years have already passed since the creation of the 
Mossbauer Spectroscopy Laboratory in Świerk. I-f one takes into 
account that the discovery of Mossbauer effect took place 285! 
years ago and the Nobel prize was granted to R.Mossbauer only 2i.S 
years ago, the anniversary of our laboratory seems qui<te 
impressive. 

In early stages of the development of our laboratory thse 
activity was directed towards the construction of Mossbaiver 
spectrometers for our own needs and to fulfill the increasi; rig 
demand for this type of equipment from research and university/ 
institutions. Few simplified spectrometers were constructed als/o 
for industrial use. In the same time cryogenic techniques an A 
cryostat constructions were developed. 

Initially the measurements of " F e resonance were carried 
out but other resonant nuclei were consecutively introduced, 
nsmaly **"»Sn, taoTe, 1IslEu, ialSb, *lNi and ***Dy. The studies 
of the latter two were made possible due to existence of 
accelerators and reactors suitable for the irradiation of 
=hort-life isotopes. 

The research carried out in our laboratory combined the 
construction of spectrometers, the methodology of Mossbauer effect 
studies as well as basic research concerning magnetic and related 
properties of ferrites, iron based metals and more recently 
synthetic metals. The application studies on the demand of 
industry or other research centers were also carried out. 

Department of Solid State Physics, Institute of Atomic 
Energy, 05-400 Otwock, Świerk, POLAND. 
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T*-,e ] ftbcretcj.-y staff have published more than 100 scientific 

papers froa which ca 4OX were published in the most prestigeous 

:nt-:rnatianaJ journals, the rest being published in international 

conference proceedings or in technical and popular science 

journals. Several nan published technical reports and expert's 

reports -for industry were also performed. 

Four MSc theses, four PhD theses and two nabilitati on theses 

were completed in our laboratory. Several researchers from 

Poland and abroad finished Massbauer spectroscopy courses and 

trainings which lasted from 1 month to 1 year. 

II. Present staff: 

Five employees including two highly qualified technicians, 

two senior assistents completing their PhD and one associate 

professor. Beside the permanent staff the laboratory employs 

si so MSc candidates and traineers on the temporary basis. The 

number of permanent staff has been reduced, as compared to the to 

the level at early stages of the laboratory, from 8-9 to 5 

positions. 

III. Equipment. 

Home-made constructions: 

a/ Mossbausr spectrometer SM—4 working in the velocity range 

+25mm/s. It is used to the studies of the following isotopes: 

iron, t:n, telurium and nickel isotopes. 

b/ MSssbausr spectrometer SM-6 working in the velocity range 

+600mm/s. It is appJ ied to the studies of rare earths 

isotopes, 

c/ Gammaresoraetsr ie spectrometer of v-constant with automatic 

registration in two arbitrary applied velocities, 

d/ Austeni 1:meter ie spectrometr far quick determination of the 

retained austenite content in construction steels. 

The e-ame spectrometers were bu i l t for Si lesian University 

••£-« Wroclaw University (a) and University of Leipzig (b). 

GsiTi.Tiaresometers (c) were applied in several coal mines, namely: 



KWK Wujek in Katowice, KWK Brzeszcze in Qcwiecim, OBR-EMA6 in 
Katowice and in heating power plant Siekierki and Etefchatów as 
meters -for the determination of the content of sulphur in coal. 

Other important equipment: 

e/Superconducting solenoid combined with a cryostat in vertical 
geometry. Magnetic -field up to 6T. 

f/Microcomputer IBM-PC-XT 

It must be stressed that we are -fortunate to have i_n 
Świerk a unique opportunity to r-srry out the research requiring 
the existence of nuclear reactcrs, accelerators "of particless, 
high speed computers, cryogenic systems and radiological 
protective service. T. -a fact greatly facilitates tine 
undertaking of difficult and non-typical experiments. 

IV. Research interests and major scientific achievements. 

In the early stages of the Mossbauer laboratory the researr.h 
interests were focused mainly on the construction of scientific 
equipment and the initiation of Mossbauer Effect (ME) measurement* 
involving various resonant nuclei. In addition to ME studies, 
neutron and X—ray spectroscopic and diffraction techniques wers 
applied in order to obtain complementary results. In particular-
spinel type ferrites, garnets and iron—uranium, iron—telurium 
intermatallic systems were studied. 

A series of theoretical papers were also published at that 
time. The papers were devoted to the calculation of hyperfine 
structure parameters from Mossbauer spectra in the presence of 
magnetic and electric field influencing simultaneously the 
resonant nucleus. Interestingly these papers remain, till now. 
frequently quoted in the literature. 

The results of the studies concerning magnetically, ordered 
state and spin microctructure in diluted ferrimagnstic oxides 
turned out to be extremely interesting. Spin canting and spin 
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flipping predicted by theory ware observed. A method of 
distinction between different spin alignment processes in 
external magnetic -field was developed. 3d" shell 
deformation of Fe3- ions in some spinel ferrites were 
determined. The distribution of iron cations betHeen octahedral 
and tetrahedral positions was Measured. The substitution of 
magnetic cations by the nonmagnetic ones (ł*łSb, »ł<rSn) 
in spinels enabled us to calculate the supertransfered hyper-fine 
-field at these nominally diamagnetic ions. The results o-f the 
above studies created significant interest in industry and as a 
result large portion of this research was financed by POLFER. 

Another important part of our research was devoted to the 
investigations of atomic order and disorder in alloys. It was 
shown that ME is a suitable method for such studies. For example 
in alsi-fer alloys which arm routinely used for the manufacturing 
of .nagnetovisual heads perfect ordering and a preferential 
occupation of alloing elements were discovered. Alloys 
exhibiting large segregation of components and amorphous alloys 
were also investigated. Spinodal decomposition occurring in 
vlnico alloys due to thermomagnetic treatment was traced. In the 
materials used for the fabrication of permanent magnets a te;:ture 
was observed as a result of column crystallization. Early stages 
of crystallization in amorphous alloys were investigated as well 
as their magnetic anisotropy transverse to layer plane. A siir.ple 
method of the determination of retained austenite content in 
steel was elaborated. High temperature corrosion studies in 
electricity power plants (Konin, Turoszów) and atmospheric 
corrosion of the body cars wers carried out. 

In the seventies several investigations concerning the 
methadology of ME studies i~. rare earth were undertaken. Far-
this purpose a special spectrometer was constructed tsee section 
3.3). An original technology of preparation of shc-r- -1 i ve 
l*'Dy isotope in reactor was developed. It must be stre&i='. 
••-.?t despite a large interest in r&re earth chemistry ancj physics 
ths ME studies of material containing RE elements are extremely 



The research interests were -focused on RE-TM intermetallic 
compounds due to their interesting Magnetic properties and their 
potential application. This part of work was carried cut in 
collaboration with Solid State Physics Laboratory of AGH and 
Institute of Physics of UJ. A series of experiments involving 
intermetal ic compound* of Dy, Sm, Y, with Fe, Co, Pd and Al or B 
were par-farmed. This part of research resulted in several papers 
published in rmqular journals and conference proceedings. 

In early eighties in collaboration with the Department of 
Chemistry PW our laboratory initiated the application of ME 
spectroscopy to the studies of synthetic metal ie organic 
compounds exhibiting metallic conductivity. It must be stressed 
that the first ME studies of conducting polymers was carried out 
in Świerk. The discovery that ."IE can be applied with success 
to the characterization <-_•; organic conducting materials 
containing Mossbauer nuclei y.imulated a large research interest 
all over the world. Very quickly several research groups from 
MIT, Tsukuba University, Max Planck Stuttgart, Free University 
Berlin, GTE, and University of Strassburg followed the route 
initiated by Świerk. However till now the Warsaw-Swicrk 
research group still holds the largest contribution to the field. 

The ME technique enabled us to determine the chemical nature 
of the intercalated species and tha charge transfer between the 
host matrix and the intercalate. From the temperature dependence 
o-f the recoil free absorption. Debye—Waller—Mossbauer lattice 
temperatures of several intercalates were calculated. Finally, 
careful ME studies enabled us to differentiate between the "true 
intercalates" and degradation and/or contamination products which 
helped to resolve several controversies existing in the 
literature. 

V. Domestic and international collaboration. 

As it has been already stated important scientific 
achievements were accomplished through collaboration with several 
research institutions. Similarly some industrial applications wert 



mads possible through the cooperation with research and 
development centers of the industry. The limited space of this 
activity review does not allow to mention all institutions tiith 
which Me collaborated over twenty years. For each of them 
important and sometimes crucial Mossbauer studies were nade. 
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Our Contribution to the IWssbauer Spectroscopy 
J. J. Bara 

Institute of Physics, Jagellonian University 
Reymonta 4, 30-059 Cracow, Poland 

A short review of our 26-years scientific activity in a field of 
MOssbauer spectroscopy, based on selected publications, ie given. 
My adventure with the JSKJsabauer spectroscopy began in 1960 when 
at the Jagellonian University I started to prepare my masters 
thesis „Apparatus for the Investigation of the Mflssbauer Effect 
at Room Temperature" /1,2/. This, fully automatized /3/, con¬ 
stant velocity Mflssbauer spectrometer is being used till now for 
special purposes /4»8b,8d/» In the second half of the first 
decade a constant acceleration LMfssbauer spectrometer was bought-
and located in the cryogenic building of the Institute of Nucle¬ 
ar Physics. This creates low temperature fascilities for the 
MWssbauer effect group. In the middle of the second decade two 
new departments were established at the Institute of Physics of 
the Jagellonian University. As the result of this the MSssbauexr 
effect group was split into three independent groups. Sooa eftei? 
two new MSssbauer laboratories were organized. Our laboratory, 
organized in 1976 at the Science Teaching and Methodology of 
Physics Department, is equiped with two constant acceleration 
JvI8ssbauer spectrometers of the Polon type. 

In the first decade of our Mtfssbauer effect research we stud¬ 
ied microdynamical properties of Co-57 impurity atoms. It was 
found that the force constants for impurity atoms are almost the 
same as for host atoms /5-7}11a/. 

In our new IKJssbąuer laboratory two scientific research pro¬ 
grams, mainly methodological ones, have been developed. She 
first one, which became our speciality, is concerned with un-
cj- ontional aspects of the nuclear resonance scattering of 
^-rays. It was started with detailed analysis of Mtfssbauer 
scattering spectra recorded in a single scattering geometry 
/8a/. This analysis was then extended for spectra recorded in 



double and multiple scattering, geometries. The nuclear resonance, 
Rayleigh and Compton scattering processes were taken into con¬ 
sideration. First of all the integral and analytical exprea-

.sions were derived for a shape of a background corrected single 
resonsnce scattering line /8a/, Jaflssbauer filtration /8b/ and 
lilSssbauer dispersion /8c/ spectra, time independent selective 
excitation double resonance spectra /8d/, as well as double /8e/ 
and multiple /8f/ scattering spectra. The integral expressions 
were then used in numerical evaluation of the spectra parameters. 
Samples of various thicknesses and having various abundances in 
resonant isotope were analysed. The influence of an excitation 
energy setting on 'the shape of the «10ssbauer filtration and time 
independent selective excitation double resonence spectra was 
also studied. 

The conclusions derived from theoretical considerations v;ero 
experimentally verified. I t was found that the magnitude of 
^tfssbauer effect derived from the single resonance scattering 
line has i t s highest value for very thin samples for which the 
linewidth is the smallest one /7c/» The use of carefully de¬ 
signed the low noise scattering geometry gave the high xagaitude 
of iiflssbauer effect both for enriched and non-enriched samples. 

The double resonance MJIssbauer experiments are Jiuch sore so¬ 
phisticated tha-i the ones performed in the transmission or scat¬ 
tering geometries. However, some of them enable one to uti l ise 
in one experiment all unique properties of LIBssbauer spectroscopy 
such as high energy resolution, short observation time as well 
as large value of the nuclear resonance cross section. 

The high energy resolution i s the raost widely utilized prop¬ 
erty. In order to improve i t a Mflssbauer line narrowing has to 
be achieved,. The narrowing of on-resonance filtration and on-
resonance time independent selective excitation double resonance 
lines aa well as the narrowing of double and multiple resonance 
scattering lines was theoretically predicted. Redaction in line-
width to the value of nearly one gamma may be obtained by appli¬ 
cation of the source and scatterer filtering method /8f/. Using 
a specially designed transmissional-scattering geometry narrowing 



of Mdssbauer line and amplification of its amplitude were ob¬ 
served /8b/ for on-resonance excitation. Moreover, dispersion 
phenomena were observed /8c/ in HUssbauer spectra recorded in 
similar geometry by detecting scattered ̂ -rays, conversion X-
raya or conversion electrons. Very small difference in resonance 
energies of absorber and scatterer were indicated by thespectra* 

Due to sufficiently large recoilless fraction of scattered 
forays and very low noise geometry used, selective excitation 
double resonance spectra were successfully recorded /8d/ both 
for the enriched metallic iron foil and for the non-enriched 
magnetite scatterer of a natural origin. The results of these 
experiments are in good qualitative agreement with the inter¬ 
pretation of time independent selective excitation spectra. 

An attempt was made to observe a double resonance scattering., 
process. The double resonance scattering spectrum was recorded! 
/8e/ by detecting conversion X-rays following resonance absorp¬ 
tion in enriched hematite of forays which were previously re-
coilless-recoillessly scattered by enriched metallic iron foil*. 

A more detailed analysis of scattering and transmission ge¬ 
ometries have resulted in new interesting findings /9»10,12,iy.'» 

The experimental conditions suitable for observing a line 
inversion in Mtfssbauer scattering spectra were predicted by the 
numerical analysis of the Rayleigh and Compton contributions 
to MSssbauer scattering spectra. The line inversion was obser¬ 
ved /9c/ for beryllium scatterers with small iron impurities. 

The performance of the X-ray-e~ coincidence technique for 
recording depth selective Pe-57 CEMS spectra was investigated 
/1Oa,b,d/. The technique proved useful for selection of the 
i'e-57 K-shell conversion electrons from a beam of back scattered 
electrons. This makes it possible to observe depth sensitivity 
of CEUS spectra recorded with an He/CH, proportional counter. 

The compensation conditi -ns were utilized for observing in¬ 
terference effects in HSssbauer scattering spectra recorded, for 
the enriched hematite scatterer placed in front of beryllium 
plates of properly chosen thicknesses /11e/« The method for 
absolute calibration of the intensity scale of Mffssbauer spectra 



was proposed /11e/, a distorsion of Ifflssbauer spectra caused by 
geometric effects was studied /13a/ and a comparison of spectra 
simultaneously recorded in transmission and scattering geome¬ 
tries was performed /13b/. I t was found that in some cases the 
scattering method predominates the transmission one as far as 
line quality parameters and linewidths are concerned. 

In some scattering experiments already described a pulse 
shape discriminator composed of commercially available electro¬ 
nic blocks was used /14/. I t efficiently reduces a detector 
background, produced in proportional counters by high energy 
jprays, and a tine interval of storing ilflssbauer spectra. 

Our second research program is concerned with studies of 
ferrites /9b,iOc,i5/, interssetallic compounds /16/, aaorphous 
materials /17/ and vanadium oxide bronzes /12,18/. Papers pub¬ 
lished in thet field by our cov/orkers during their stay abroad 
were not included in this report* 

The results of our investigations were presented at the In¬ 
ternational Conferences on Application of ŁMJssbauer Effect: 
Varna-1967 /6b/, Tihany-1969 /11a/, Dresden-1971 /11b/, Cracow-
1975 /11c/, Bucharest-1977 /11d/, Portoroż-1979 /9a,b/, Jaipur-
1931 / H e / , Alma-Ata-1983 /12/ and Leuven-1985 /lOb.c/. 

One habilitation report /19/, three doctor's thesis /20-22/ 
and 30 master's thesis were prepared in our MOssbauer laboratory. 

A few review papers on application of the Hflssbauer spectro-
scopy have been published /11a,23-25/. 

We were actively engaged in organization of ICASiE-Cracow-1975 
/11c/ and of the Winter School on Physics-Zakopane-1985 /26/. 

Let us hope to have a prosperous future. 

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

Michał Kopcewicz 
Institute of Experimental Physics, Warsaw University, 
00-681 Warszawa, Hoża 69, Poland. 

The Laboratory of the Mossbauer Effect was founded in 1966 as 
a part of newly organized Chair of Nuclear Methods of Solid State 
Physics in the Institute of Experimental Physics at the Faculty of 
Physics in Warsaw University. Hence,we have now double occassion 
for celebration: 25 years of M3ssbauer spectroscopy in Pol and and 
20 years of our lab. I joined this laboratory in 1967. In 198T our 
lab was attached to the Department of Solid State Physics where it 
belongs till now. 

The begining twenty years ago was similar to that in other 
laboratories. We had primitive home-made mechanical • v-const. spec¬ 
trometer with the velocity range up to -3 mm/s, and LN cryostat. 
Using this equipment we studied phase transitions in KNO, and pu¬ 
blished m 1968 the first paper fully made in our lab /if. In 196£3 
we received spectrometer purchased in DDR - v-const. Carl Zeiss Jce-
na MS-1OK. This spectrometer,, which from the begining was obsoletce 
and unreliable had a velocity range up to ±12 mm/s, so we could 
study magnetic interactions in iron compounds. The situation imprro-
ved very much in 1973 w ten we obtained new spectrometer of Bnrope.-an 
standard - Nokia (Finland). The spectrometer, later developed in. oiur 
lab, is our main tool till now. In the same time we constructed! ano¬ 
ther spectrometer based on Polish CAMAC units (V-spectrometer) arnd 
400 channels analyser developed at Technical University in Warsaw.. 
In 1975 we bought modern flow cryostat CF-100 from Oxford Instru¬ 
ments (England). Unfortunalety due to permanent shortage of liquid: 
helium we use this cryostat for the temperature range 70 - 3OO K. 
In that time we constructed new spectrometer working with Nokia-Po— 
Ion analyser, which parameters are similar to the original NoJcia 
spectrometer. So, 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 
Mossbauer spectroscopy. In addition since 1979 we have in our lab 
Polish made minicomputer Mera 4OO. 

In this twenty years our scientific effort was concentrated 
on three main topics-: proton irradiation effects induced in iron 
compounds, study of atmospheric aerosols, and investigations of 
the influence of the radio frequency (rf) fields on the properties 
of ferromagnetic crystalline and amorphous materials. 

In 1968 we started investigations of effects induced in iron 
compounds by energetic protons. Using the Mdssbauer effect it was 
possible to study radiation damage and chemical decomposition of 
the materials caused by protons of energies varying from. O.3 to 
2 MeV. We investigated dielectric iron compounds such as: 
FeSO4.7H2O, K4Fe(CN)6>3H2O, K3Fe(CN)g, NH4Fe(SO4)2.12H2O, 
(NH4)2Fe(SO4)2.6H2O, FeCl2.4H2O, Fe(C5H5)2. It was found that as 
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a result of local chemical decomposition due to proton irradiation 
new chemical compounds appear and that the final products of decom¬ 
position are magnetic compounds such as Fe2O3, Fe,O., Fe3C and me¬ 
tallic iron. In several cases, depending on the proton energy and 
dose, magnetic compounds were formed in the form of ultrafine par¬ 
ticles exhibiting superparamagnetic behaviour. Using the "thermal 
spike" model it was possible to estimate the size of regions con¬ 
taining magnetic fractions formed by proton irradiation. The agree-
•en.t of the experimental data with such simple model was good. We 
published 14 papers on this subject (see e.g./2-7/ and refs. there¬ 
in). In 1977 we extended this subject to other materials and stu¬ 
died proton irradiation effects in Fe-Ni metallic alloys /8/. 

In 1969 we employed the Mossbauer spectroscopy to study at¬ 
mospheric aerosols. This was the first and unique application of 
the MOssbauer spectroscopy in atmospheric physics. Mossbauer effect 
proved to be a powerfull tool in the investigations of the proper¬ 
ties of iron containing particles in atmosphere. We could estimate 
the chemical form in which iron appears in thejatmospheric aerosol, 
concentration of iron, and the size of iron containing particles 
/9/. The method is accurate, enough to follow the seasonal varia¬ 
tions of the concentration of iron in the air /10/. These results 
threw some light on the origin of iron in the atmosphere, it was 
possible to study the relation of iron concentration in the atmo¬ 
sphere with the radioactivity of the air /11/, and th«* process of 
washing-out of the pollution from the atmosphere by rain /12/. 
The influence of industrial pollution on the properties and total 
concentration of iron containing aerosol was investigated /13/. 
The Mossbauer data were found to be sensitive to the circulation 
process in the atmosphere.8 papers were published on this subject. 
This study is performed in collaboration with the Institute of 
Geophysics, Polish Academy of Sciences. 

Since 1973 we study the effects induced in ferromagnetic ma¬ 
terials by an external magnetic radio frequency fields. Our scien¬ 
tific effecrt is concentrated on this subject till now. The rf power 
generators constructed in our lab allow us to study two kind*of 
effects: (1) the modulation of the Mossbauer gamma radiation due 
to vibrations of Mossbauer nuclei induced by the rf field via mag¬ 
netostriction as a result of which the sideband lines appear in 
the spectra ("rf sidebands" effect), and (2) the effect of the 
fast magnetization reversal forced by the rf fields in soft ferro-
magnets 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 sidebands" effect the mate¬ 
rial must be magnetostrictive. We studied this effect in detail 
for metallic iron /14/ and as an accompanying effect to the " rf 
collapse" in various iron containing alloys /14-18/. The "rf co¬ 
llapse" effect occurs when the frequency of the rf fi..ld is larger 
than Larmor precession frequency and when the intensity of the rf 
field is larger than the anisotropy field, so that the switching 
tiac is comparable to the period of the rf field applied. The fi¬ 
rst paper from our lab related to the "rf collapse" effect was pre¬ 
sented on the International Mossbauer Conference in Krakow, 1975, 
and published in 1976 /15/. A detailed study of the "rf collapse" 



effect in Fe-Ni alloys was performed /16/. It was hown that since 
the collapse and sideband effects can be separated their origin is 
different: sidebands are of magneto-acoustic origin and collapse 
is a purely magnetic effect of relaxation origin /17/. The influe¬ 
nce of the spin pinning on the "rf collapse" effect was demonstra¬ 
ted /18/. 

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 materials studied. The application of the rf field to amorphous 
alloys of high magnetostriction (e.g. Fe40Ni4oB20) induces the irreversible effect - the crystallization of tnę amorphous system 
at temperatures much lower than normally observed crystallization 
temperatures. This new effect was studied as a function of the fre¬ 
quency, intensity, exposure time to the rf field for various amor¬ 
phous materials of different magnetostriction constants. The results 
show that magnetostrictively induced vibrations frf sidebands" effects 
destabilize the amorphous structure and cause the crystallization 
/19-21/. 
For many amorphous alloys it is possible to observe the "rf colla¬ 
pse" effect, which, because of averaging to zero the magnetic hy-
perfine field experienced by Mossbauer nuclei, allows to separate 
the magnetic dipole and electric guadrupole interactions in the 
ferromagnetic state of amorphous alloys. Hence the guadrupole 
splitting distributions and isomer shifts can be studied directly. 
This unique method, first introduced in /22/, makes possible to 
follow changes of the short range order (SRO) in amorphous metals, 
which are inaccessible by other methods.SRO in Fe_n Si B 1 n, 
Fe84-xSixB16' F*^i75-xSl1OB15' Fe75SixB25-x a n d g ? 5 i r * e* ? B a n d 

FeB amorphous alloys was studied /23-26/. The results obtained we¬ 
re in good agreement with the structural model for' FeSiB alleys 
(see also M.Kopcewicz, 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¬ 
pse" 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 collaboration with the University in Saarbriicken (Fachbereich 
Angewandte Physik), F.R.Germany. 
We published 30 papers related to the rf studies. 
More conventional studies of amorphous metals were also carried 
out /28/. 
Moreover, the "rf sidebands" effect was studied for Ni samples 
implanted with 57pe. xhe composition of the surface layer formed due to implantation and the range of 57Fe ions implanted was de¬ 
termined. 
The affect of the Mfissbauer magnetoacoustic echo was observed in 
Fe-Ni alloys using pulsed rf fields /29/. 
In collaboration with the University in West Berlin the investiga¬ 
tions of relaxation processes in milikelvin temperature range we¬ 
re performed. 



The results, of our studies were presented on many internatio¬ 
nal Mossbauer, Hyperfine Interactions and Amorphous Conferences. 

During all that 20 years besides scientific activity we were 
-involved in teaching. About 2O M.Sc. thesis were done in our lab 
and a large number of students became aquainted with the Mossbauer 
spectroscopy during the course of IHPhysical Laboratory and semi¬ 
nars. 

Scientific degrees were obtained by the members of our group: 
M.Kopeewiez - Ph.D. in 1973, and habilitation in 1981, 
A.Kotlicki - Ph.D. in 1974, and habilitaion in process, 
B.Kopcewicz - Ph.D. in 1974. 

In conclusion I think that despite rather limited and diffi¬ 
cult conditions we marked our presence in the international Moss¬ 
bauer society. We.hope that next 20 years will not be worse. 
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The BEGIKHING of MOSSBAUER SPECTHDSOOPI at.thm IISXIIDSB 
Of FHXSICS Of the WARSAW EBCHHICAL OMITBHSIir 
M.Peryt, W.Zych 
Inst i tute of Physics, Warsaw Technical University 
00-662 WARSZAWA, ul.Kossykova 75 

The history of Mtfssbauer spectroseopy at the Warsaw technical 
University began i n the year 1982 after we bought the JRfosbau-
er Spectroaeter froa Hungarian Inst i tute OKI equipped with mi¬ 
nicomputer TPA-70. Our interest i n the MBasbauer Spectroscopy' 
was rather natural, because of sc ient i f ic profi le of our Ins¬ 
t i tu te , where Solid State Physics plays aain role and there i s 
also a group of physicists working on nuclear physics. 
Mo'ssbauer Spectrometer was important for' us froa few points 
of view, f i r s t l y , we could extend the subject of research 
devoted to solid state physica. Secondly, the work concerning 
substances based on iron enables us to collaborate with our 
theoretical group working on magnetic properties of sol ids . 
I t was also important, that Mo'ssbauer Spectroscopy i s very 
useful thema of diploma and doctor -works, what after orga¬ 
nisation of the Faculty of Applied Physics and Mathematics 
at our University,has essential aeanning. 
Our main subject of in teres t are measurements of Mtfsabauer 
spectra of amorphous alloys based on Fe. This i s connected 
with a more wide research1 of magnetic and structural proper¬ 
t i es of amorphous metallic alloys of the composition: 
Pe80-x™xB20' w h e r e ™ ' transition metal : Ti,V,Mn,Cr,Co,fli 
and x - atom % of metalloid, B - boron. 
Temperature range of measurements i s from 4.2 K to about 
1000 K. The Mo'ssbauer effect studies are performed in the 
transmission geometry by constant acceleration technique. 
The source ^Co (Cr}of act ivi ty about 100 mCi was used 
in a l l experiments. The spectra are calibrated at room 
temperature by iron ARMCO spectrum. The numerical analysis 
of the obtained data i s carried out by the magnetic field 
distribution method developed by Window, and computer 
program based on Hesse and Rubartsch method. 
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Let us sow describe our spectrometer and- his M i n features. 

The equipment is mainly used in constant acceleration node,but 

.in the tingle-channel MSssbauer spectrometer assembly it also 

works in constant speed operation node. The spectrometer is 

suitabl« for the simultaneous control of 2 analysers of diffe¬ 

rent types and two independent, measurements can be simultane¬ 

ously carried out under the same movement conditions. One of 

its advantages is the direct.coupling to TPA/70 computer 

produced by K K I . The electronic unita are build of integrated 

circuits and Si-transistors, thus ensuring long lifetime and 

reliable operation. Mechanical construction bases on module 

units in CAHA.C system. Corresponding to the kind of the samples 

tested.the plane of the measurement is horizontal or vertical. 

The samples can be investigated over the temperature range 

from liquid N2 to 1000°C. The evacuated and heated ovens can 

be slid into rack, while the sample reaches the required 

temperature enabling, other measurements to be carried out in 

its place. The construction of the rack and the special vacuum 

oven,facilitates the investigation of the sample in a magnetic 

field, the HD-220 Scintillation Detector is capable of detec¬ 

ting low-energy gamma rays, thus it is suitable for M&ssbauer 

spectroecopy measurements. Telocity is adjustable by a switch 

between the values 0.1 - 0.5 - 2.5 and by a helipot in the 

2 - 1 2 cm/sec. The Velocity Control Driver controls- the multi¬ 

channel and single channel- analysers and drives the velocity 

transducer. The functional error- of the actual velocity 

indicated by automatic error indicator- is less than 2%». 



The data stored in the memory are transferred to the tape per¬ 

forator* or- other peripheral device connected with DATAWAT thro¬ 

ugh the. peripheral driine unit. The result stoned on punched 

tape i s printed by the teletype in a convenient fonuTorWalua-

tion. The X-Y recorder also records- the data belonging to one 

point of the MSssbauer spectrun. Sine* 1986. year we have 

"IRTELLIGEHI Mt5sSBAUER ANALYSER*.Ihe Intelligent- KSssbauec-

Analysers i s a microcomputEitoasedL data processing systeat wchich 

is: capable of displaying, the data stored in the spectrum me»o-

ry, recording them on different data carriers, and of perfor¬ 

ming operations with them. I t Is built, of. a programmable 

microcomputer coupled to a measurements, data collecting-

and control system. She advantage of this construction i s 

that the computer peripherals Berve not only for the input, 

and output.of digital data but they also control the measure¬ 

ments and fuHfil spectial tasks. In contrast with ordinary 

Mtfssbauer analysers which are usually universal.multichannel 

analysers, the Intelligent. Mtfesbauer Analyser , while opera¬ 

ting only in externally controlled multiacaler and simple 

amplitude analysis modes, can be programmed to carry out 

complicated operations for spectrum evaluation. Rather than 

simply displaying the spectra i t also displays results of 

computations, programs and alphanumeric information essen¬ 

t ia l for the user. The Intelligent Mtfssbauer Analyser i s 

produced by EHCI-Budapeat.. I t i s a pleasure to thank on this 

pxace to Dr.I.Pawlak for his very essential contribution in. 

organisation of Mb'ssbauer Laboratory at the Institute.of 

Physics -Warsaw Technical University as also to Ing, Swi-
narski. 
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Development and Achievements of the MBssbauer Spectroscopy 

Laboratory in the Institute of Experimental Physics of 

Wrocław University. 

J.Chojcan, A.Ostrasz and M.Szuszkiewicz 

Inst i tute of Experimental Physics, Wrocław University, 

Cybulskiego 36, 50-205 Wrocław, Poland. 

The paper contains a short history and review of achievements 

of the MBssbauer Spectroscopy Laboratory in the Instytitute of 

Experiraental Physics of Wrocław University. 

The MBssbsuer Spectroscopy Laboratory (MSL) in the Insti¬ 

tute of Experimental Physics of Wrocław University ini t iated; 

by prof. S.Rozenfeld was es tabl ished in the mic' sevent ies . 

The management was committed to a s s i s t an t professor '.'.. SzuszUi: -

wicz. Two s c i e n t i f i c workers dr. 3.Chojcan snc' KQV. (-..Cstcsiz 

are the members of h is group now. 

In the beginning the MSL had s i i t s disposal the f'.flscL-so^r 

spectrometer SM-4 produced by the Experimental csi .aj! izhr.tr-.i 

for Mon-Serial Equipment of the I n s t i t u t e of flucli-ar Rsseaj.-::: 

at Śv;ier!< (Poland). For three ysars the device babe has icon 

enriched by the KSssbauer spectrometer cf POLCK production AT! 

by the Hungarian electronic device for registration and e l sLci i 

tion of the experimental data. 
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T.'ie subject matter of the investigation carried out by 
::;L is subordinated to the long-term plans of the Nuclear 
Physics Applications Department of the Institute of Experi¬ 
mental Physics of Wrocław University, which the Laboratory 
belongs to. The attention of the MSL workers was initially 
concentrated on the investigation of the electronic structure 
cf binary alloys of 3d-transition metals containing Fe [l-fi]. 
Thij range of investigations has been next (since 1980) exten¬ 
ds ć to the hydrogenated alloys of iron and vanadium [7,8J. 
Expsrinents were also performed for some tin compounds 
[9,20]. 

Sasing en the results of the first experiments it v/as 
noticed that the simultaneous investigation cf a substance by 
r.s&ns of positron annihilation snd the Mfissbauer effect can 
supply additional information on the electronic structure of 
the substancs under investigation. In particular, for binary 
^-transition metal alloys containing Fe one is able to 
ustinate the distribution of valence electrons. This idea has 
'..;.;.'! UESC ""or the estimation of the electron distribution in 
c:~s V-Fe, Cr-Fe and Fe-Co alloys as well as hydrogenated V-Fe 
-Hoys. It was done by using angular correlation data iron po-
£ i •Iron annihilation experiments and isomer shift data frar, 
'. :J;s.j5Li3r sxfect measurements. The obtained results for Fe-Cc 
Ly.:lu.!i nave appeared to be at variance with the neutron diffrac-
tirr. ds.tŁ concerning the magnetic monents cf Fe atoms in those 
clljys. Kurecvsr, for paramagnetic V-Fe, Cr-Fe and hydrogenatec; 
V-Fe alleys the obtained results seem to be in contradiction 
Kith information on their magnetic properties resulting froir. 



magnetic susceptibility measurements. Finally, for most of the 

examined specimens the obtained results differ essentially from 

those expected on the basis of the cellular"atomic model cf 

alloys by Miedema. First of all for concentrated alloys the 

determined direction of electron transfer between different 

atoms is opposite to the one predicted by Miedema's model.T 

This is surprising in view of the fact that the model is seraiem-

pirical one and its. predictions remain in agreement with a large 

class of experimental data concerning particularly the binary 

alloy formation heats. 

Considering the above, the possibility was assumed that 

there is an essential inaccuracy in the interpretation of the 

analysed parameters of positron annihilation snd/or nuclear 

gamma resonanse absorption. In particular the attention was 

paid to the relationship between the MBssbauer isomer shift 

(IS) of Fe and the electron surroundings of Fe nuclei in 

iron alloys. Basing on the results of positron annihilation, 

nuclear gamma resonance absorption and neutron diffraction in¬ 

vestigation for Fe-Ca alloys it was shown that in the first 

approximation IS is proportional to the total number of elec¬ 

trons transfered between Fe and Co atoms due to alloying, inde¬ 

pendently of the character of the electrons. The experimental 

result is at variance with g'enarally accepted interpretation 

of IS based on theoretical estimations and many scientists 

doubt its correctness. The latter is somswhat surprising if it 

is noticed that other experimental data are in agreement with 

the result. Watson and Bennett, for instanee, showed that for 

dilute binary alloys with iron as a solute the Mfissbauer isower 
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shift is proportional to the matrix electronegativity parameter 

or to the total electron flow on/off iron atoms. Xoreover in 

the Miedema's and Van der Monde's model for the isonur -.:-.lft 

in binary alloys, it is assumed that the IS is proportional 

to the total electron transfer between different atoms. It is 

interesting that the model is widely used by many authors and 

the assumption is not criticized at all. Eventually, applica¬ 

tion of the assumption for determining the valence electron 

uistributions in V-Fe, Cr-Fe and hydrogenateci V-Fe alloys on 

the basis of positron annihilation and MOssbauer effect data 

yields results which are in agreement with magnetic properties 

of the alloys and Miedema's model predictions. 

Along with the studies of the problems mentioned above 

the V-Fe-H system was examined to explain the role of H in the 

creation of permanent magnetic moments at Fe atoms in the alloys. 

It was noticed that dependences of MSssbauer parameters on H 

concentration change their slopes when concentration of electrons 

in the alloy reaches so-called "critical" concentration at which 

local magnetic moments at Fe atoms occur. For instance width of 

the KBssbauer spectrum increases essentially on passing the 

concentration. It was shown by low-temperature measurements 

(at 5 !<) that the effect is not due to magnetic splitting of the 

spectrum but thanks to the quadrupole interaction. The result 

was supported by X-ray measurements which have revealed tetra¬ 

gonal deformation of the crystal lattice of V-Fe-H alloys with 

electron concentration greater than the critical one. 
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SURFACE HAGHETISH OF Fe(UO)-FILKS STUDIED BY l it SITU 
COHVERSIOH ELECTROH MOESSBAUER SFECTROSCOPY 

Jozef rorecKi 

solid state Physics Department, Academy of Hining ana 
Metallurgy. Cracow, Poland 

ABSTRACT . 

The magnetic properties of epitaxial atomlcally f lat Fe(ilO) 
films were studied using in s i t u Conversion Moessbauer 
Electron spectroscopy. The submonolayer detection limit of 
the method was applied to follow the local structure of the 
magnetic hyperfine field. The Frledel-type oscillations of 
BHF were detected near the free Fe(UO) surface. The tem¬ 
perature dependence of the film magnetization, probed by 
BH P i s discussed. 

1. IHTRODUCTIOH 

First applications of the Hoessbauer spectroscopy (MS) 
to the magnetism of u l tra t h i n films come from early 
s i x t i e t h 1 ) . The applied f'-transmisslon geometry set a 
serious limitation of the minimum absorber thickness used in 
Moessbauer experiment. Informations about properties of 
films consisting of few atomic layers were available only 
from measurements of sandwich probes of total thicKness 
ab.ove 10 nm, in which magnetic layers of 57Fe or i ts alloys 
were separated with nonmagnetic ones1"3'. This technique 
(which originally was a mean compensating imperfections of 
the experimental method and later developed in advanced form 
to the "Multilayered Films with Artificial Superstructure" -
problem*') led inevitable to i l l -defined films. Intrinsic 
magnetic properties of films, surfaces and Interfaces were 
dissembled with complicated, impossible to define real 
structure, affected by island forming or alloying. The near 
ideal films are obtainable in process of epitaxial growth, 
especially for some chosen systems preferring layer-by-layer 
growth mode5*. This type of sample preparation for 
Moessbauer measurements was applied for the f i r s t t i » e by 
Duncan et al.e>, who measured in transmission mod* the sys-
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tern of Ag(lli)-Fe(ilO)-Ag deposited on mica substrate. To 
increase the thicKness of the absorber, avoiding the 
"sandwich-procedure" the samples were cut into pieces and 
stacKed together. Although the authors . claimed the flat 
growth mode of Pe(llO) on Ag(lil), i t is Known from the paper 
of Snyman and Olsen7) that iron grows tree-dimentionally 
forming small, uniformly oriented microcrystals, which size 
distribution depends on preparation temperature. The ob¬ 
served linear, instead of T3/2 - dependence of the magnetic 
hyperfine field Bjjp on temperature (T < 300 X) already for 
films thinner than 7 nm is probably due to film 
discontinuities. 

The described above some pioneer thin film application 
of MS as well as the conclusion of Bayreuther in his review 
paper8) show clear the main experimental difficulties: 

a. - achieving the monolayer detection limit of MS in 
the wide temperature range in reasonable time of 
measurement (acquisition time of few hours) 

b. - using of atomlcally flat single crystal thin .films 
with the well defined structure. 

Only fulfillment of these two conditions allows to use 
probably the most attractive feature of MS : its local 
character of analysis. Already applying of scattering 
geometry with detection of conversion electrons {conversion 
electron Hoessbauer spectroscopy - CEMS) profited with con¬ 
siderable improvement of detection limit by using of effi¬ 
cient H/CH4 detectors and offered some depth selection. The 
small penetration depth of electrons in matter {about 100 nm 
for 7.3 keV conversion electrons from 57Fe) gives the pos¬ 
sibility of local analysis useful for corrosion studies or 
for non destructive surface analysis in material science. It 
is of course insufficient for probing of surface magnetic 
properties, where the disturbance connected with lacK of 
translational symmetry ranges • few atomic layers only. The 
depth selectivity can be considerably increased performing 
the analysis of the conversion electron energy, as their 
energy loss is related to the depth • at which they were 
originated. This type depth selective CEHS (DS-CEKS) applies 
different types of electron spectrometers9"13'. High oi' 
ultra high vacuum is combined with this' technique (which is 
necessary to perform the electron spectrometry) and gives 
then possibilities for ' the sample preparation, structural 
and chemical' analysis and the Hoessbauer experiment in situ 
unfortunately, t h i s solution is used oni? 
occasionally11'12'. The applicability of the DS-CEHS system 
in the surf ace - studies is limited by the long tims of 
measurements resulting from the low transmission of the higłi 
resolution electron spectrometers. The Hoessbauer spectra 
have to be deconvoluted, considering the distribution of the 

6k 



possible escape depth for- electrons of the given measured 
energy. 

The local Hoessbauer analysis can be realized also in a 
simpler way1*'15). In a thin film, prepared of non-
Hoessbauer 56Fe isotope, at the certain distance from the 
surface a probe layer (few atomic layers) of 57Fe is placed. 
Varying tne position of the probe lay.er leads to tne depth 
profiling of the hyperfine parameters. This type of measure¬ 
ments performed in Walker's group1*) suffer of the insuffi¬ 
cient sensitivity of the Hoessbauer analysis and separation 
of technological and measuring procedure. 

Recently16,?, -fcfte literally local analysis of the hyper¬ 
fine parameter-s with the monolayer 57Fe probe in epitaxial 
Fe(UO) films on V(iiO) was achieved using in situ OEMS com¬ 
bined with UHV molecular beam epitaxy and standard methods 
of surface characterization (LEED, AES). In the present 
paper the application of this method for studios of magnetic 
phenomena in oiigoatomlc (consisting of few atomic layers) 
iron films is presented. Section 2 describes the apparatus 
and its possibilities, section 3 contains the details of the 
sample preparation and some methodological aspects of the 
experiment. In sections 4 and 5 the depth profiling of the 
BJJF near the surface and interface ana thermal excitation of 
magnetization are discussed. 

2. APPARATUS 

The leading line by the construction of the experlmen-. 
tal system was the possibility to combine the molecular beam 
epitaxy in UHV, providing structurally well defined single 
crystal iron films with the in situ CEHS, offering the sub-
monoiayer detection resolution. W(liO) chosen as the sub¬ 
strate for a good epitaxy of iron (see the next Section) in¬ 
troduces in the CEHS experiment a very high non-resonant 
background due to photo-, Compton and Auger electrons. To 
minimize crucial signal-to-noise problems, they have to be 
separated from 7.3 keV conversion electrons using some 
energy filter. Its transmission and resolution should be op¬ 
timize to give the shortest acquisition time of the 
Moessbauer spectrum wit-h the sufficient signai-to-noise 
ratio. 

The experimental system is shown in Flg-l17^ The UHV 
chamber was evacuated by the turbomolecular pump Turbovac 
560 H and the titanium sublimation pump with the cold trap. 
The base pressure better then 3KIO~9 Pa was easily achieved 
after baking out. The chamber is equipped with tfce standard 
techniques of surface analysis: four grid LEED optics and 
cylindrical mirror Auger electron spectrometers. The .sample 
(1) is mounted on the 10 cm long arm on tr.e VG manipulator. 
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Klg. 1. Schematic of experimental setup17' 

l'or i in- iiWlii fxi'i-i-1 uuMil. ( t i n s S J lii.iLii-.il lsi ::hovm i n l-'l n. 1 > 

(.Hi- ::i>i'v-iim>n in U'au.-: f u r r e d i n I r o n t o f t h e s m a l l a r e a , Uii'h 

activity 57Co/Rh Moessbauer source (5), vibrating outside 
the vacuum, f-rays, collimated with the tungsten shield (6), 
irradiate the sample through the beryllium window at a graz¬ 
ing angle of 15°, what increases the sample effective thicK 
ness by factor l/cosl5°. AS the mentioned energy filter the 
iO6°-spherlcal condenser16' (7) is used. Because of its 
axial symmetry, the nice geometry for sample manipulation in 
almost field free space is provided. The condenser ( mean 
radius n.75 cm and the gap spacing 3.5 cm) is made of Al-Cu 
alloy, Thft dimensions and geometry of the condenser yield 
the value . 609 V/eV for the ratio of tne focusing potential 
to the electron energy, what results in about *. 5 kV for the 



T.3 KeV electrons. The combination of A12O3 balls, used as 
centering element* and mica spacers provides the electrical 
insulation for about 12 KV, what means that the spectrometer 
can be used also for 119Sn CEHS. After passing tne 
condenser, electrons are detected with tne channeltron (o), 
which detection efficiency and tne effective entrance radius 
is increased by placing in front of them a stainless steel 
tube, coated with HgO. The parameters of the spectrometer 
were optimized using a thin 57Co source, simulating the 
Hoessbauer scatterer. Transmission of 7Z of 45tat the energy 
resolution of 4Z for the pass sneigy 7.3 KeV was achieved. 
Due to a very low non-resonant background of electrons 
originated by the 122 KeV rays the resulting Moessbauer 
spectra show the total resonance effect of 3oz per one 
monolayer of 57Fe in a film evaporated on the Al substrate. 
Replacing Al by tungsten reduces this value to 12Z, but 
nevertheless, with a 100 mC source the spectrum of one 
monolayer of 57Fe in a film consisting otherwise of 56pe o f 

the total thlcKness of about 4 nm can be recorded in IS 
hours with the signal-to-noise ratio of 20 for the most in¬ 
tense lines of a Zeeman pattern. Table i. reproduced from 
the paper of Toriyama et al.13' and completed with the data 
of the system presented in this paper {referred as ciausthai 
Technical University) gives the comparison of the several 
electrostatic electron spectrometers, constructed for CEHS. 
The quite acceptable parameters of the electron optics, com¬ 
bined with the high signal-to-noise ratio and the unique 
combination with the advanced molecular beam epitaxy (HBE) 
system (see below), make the Ciausthai apparatus the power¬ 
ful tool of the surface Koessbauer analysis. 

The W(lio) single crystal, 0.3 mm thlcK, 10 mm in 
diameter is mounted as the substrate (1). It can be operated 
at temperatures between 90 K and 2500 K using a standard VG 
cooling module or combination of thermal irradiation and an 
electron bombardment. The temperature is controlled with a 
W/W-Rh thermocouple spot welded to the crystal. 

The HBE system consists of six BeO crucibles heated by 
-ungsten spirals, surrounded by Ta radiation shields and 
placed in the water cooled cooper housing (2). With the 
shutter (3) a one single 'evaporator or certain combinations 
of two (for alloying) can be chosen. The deposit thickness 
is controlled during the preparation independently for each 
evaporator with the six water cooled quartz crystal oscil- • 
lators (4). The seventh one (4') can be moved exactly to the 
sample position, giving the geometrical calibration factor 
for t..> other oscillators. With this arrangement the film 
tine.:ii..-.;s can tie reproduced within ±0.1 monolayer (ML) and 
measured with the absolute accuracy of i5Z. For a typical 
evaporation range of a few A/min. the pressure during the 
deposition of 56Fe, 57Fe and Ag. which were used in the 
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00 TABLE 1 

Comparison of electron spectrometers for Hoessfcauer Spectroscopy 

Institute Type Energy 
resolution 
at 7. 3 KeV 

Detection 
efficiency 

m 

Sample 
dimension 

Signal-to-
noise ratio 
for enriched 
5TFe absorber 

StocRholm 
university?) 

Rutgers 
University10* 

Duisburg 
University1'-) 

Frele 
Universitaet 
Berlin 1 2) 

ToKyo Inst. 
of Techno¬ 
logy13* 

TU Claustna: 
(present) 

cylindrical 
mirror 

spherical 
condenser 

a. 5 

a. 0 

150° spherical 
sector a. 0 

ellipsoidal 
mirror retar¬ 
ding grid 9 

spherical 
retarding 
grid 2 

.106° spherical 
condenser 4.5 

13 

0. 27 

35 

S. 5 

5 mm f 

10 mm f 

10 mm*4 mm 

5 mm f 

4 mm / 

10 mm ^ 



experiment, remains below 1«1O~8 Pa. 

The tungsten substrate was cleaned by Heating i t in 
oxygen at the part ia l pressure t«10~5 Fa.The contamination 
level of C and O below 17. of a monolayer was achieved, as 
checked with ABS. similarly, fast atomically clean iron sur¬ 
face was obtained for freshly deposited films of 5 7 Fe or 
56Fe. This was achieved by a careful thermal treatment of 
the i n i t i a l materials and the perfect UHV- conditions. The 
extreme d i f f i cu l t i e s to get a free from impurities bulk iron 
surface were eliminated by using the th in film technique. 

3. SAMPLE PREPARATION AND METHODOLOGY OF MEASUREMENTS 

Atomically f la t ferromagnetic single crystals prepared 
in the epitaxial growth can realize fas t ideal structure, 
used for theoretical approaches. The epitaxy of Fe(UO) on 
W(iiO), studied extensively by Gradmann and Waller5), gives 
to some extent th i s type of the model structure, some doubts 
ex i s t only for the t h i n n e s t films (up to four atomic 
layers), which grow probably as pseudomorphic double layer 
is lands a t 500 K and i n layer-by- layer mode a t room 
temperature . The two f i r s t atomic l ayers remain 
pseudomorphic, then the periodic lat t ice distortions, due to 
interaction with the misf i t t ing w(UO) substrate, appear. At 
about 10 ML the distortions fade out and the visual inspec¬ 
tion of the LEED pattern reveals the features of the undis-
torted Fe(llO) face. The monoatomlc s teps separated less 
than SO nm can be excluded. The optimum temperature of the 
epitaxial growth for films thicXer than 10 ML was estab¬ 
lished as 5TO K. 

For the purposes of the local Moessbauer analysis the 
monolayer probe of 5TFe should be placed at the defined dis¬ 
tance from the surface of the film consisting otherwise of 
55Fe. This must be done in- a way excluding 5 7 Fe- 5 5 Fe 
interdiffusion1 6 ' , which could occur during the time period 
needed for the preparation at elevated temperature. The buivc 
and the surface self diffusion data yield 520 K and 420 £ 
respect ive ly as a high temperature limit for these 
processes. The samples for OEMS experiment were prepared 
following th is hint. First, the base layer of Dt ML of 56Fe 
was deposited at optimum temperature 570 K. The following 
probe layer of Dg ML of 57Fe (usually i ML) and the upper¬ 
most layer of D3 ML of 56Fe were prepared at nzo H. The iron 
film was coated with about 5 nm of Ag, resulting in the 
sample denoted as "Dj-D 

Examples of the room temperature CBMS spectra for films 
of the total thlcKness of £1 ML, with the probe layer m the 
center of the film ("8-5-8/Ag"), in the second and in the 
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Fig. a. Conversion electron Koessbauer spectra of Ae-coated 
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first monolayer counted from tlie top of tlie iron film ("ig-
i-i/Ag" and "ao-i/Ag" respectively) are snown m Fig. a. For 
all spectra, revealing the magnetic hyperfine spllttine, the 
ratio of the line intensities for the Zeeroan pattern is 
closed to 3 : O. 11 : 1, indicating that the magnetization 
lies in the film plane In [110] direction (which is also tiie 
J"*lrra<uatlon azimuth). In contract to \\\<: bulK, T/IH-IH- I in 
easy axis is of a £lOO)~type, xor the iilins lliinni-i1 tii.m 
about 10 ntn, the magnetization switches to [no). The reason 
is tfte In-plane surface magnetic anisotropy, as discusseci 
elsewhere19!.. The fitted values of the liypei'fine interaction 
parameters: magnetic hyperfme field Bfjp, lsomer shift li" 
and quidrupole splitting are given also iii Fig. Z. For the 
c*ntcr of the film and even for the second layer they are 
cios» to the bulk values. The unique feature of the top most 
l*ytr la the non vanishing quadrupole interaction, which 
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disappears in bulK iron because of cubic synmetry. Its ex¬ 
istence at the surface ana interface of cubic crystals is 
the natural consequence of tne broken translationai 
symmetry. The rapid screening of electrical fields in aetals 
causes, that £ vanishes already for tne second monolayer, in 
accordance with tne FAC measurements for In surface20'. Tnls 
observation provides tne excellent proof, that interlayer 
diffusion does not taKe place under tne proper preparation 
mode. Tne variation of the preparation and annealing tem¬ 
perature gives tne 450 r as tne temperature, at which lnter-
diffusion starts, as shown in Fig. 3. 
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3. nuointi-r fusion between the first and the second Fe 
m. 111 .1 "i'O-i/Ati" sample, analyzed by a thermally 
tiuluct'd cli.uu'es of the quadrupole splitting 
First, one series of samples (open circles) was 
prepared at preparation temperatures as indicated. 
::<>«-on<llyt one sample, prepared at «£0 K, was an¬ 
nealed at temperatures given (filled circles) for 
a period of about to h. Obviously, interdiffusion 
starts only above 45O X 1 6 ) . 

The essential limitation of the Moessbauer measurements 
for the free surface is the long acquisition time and 
consequently, the contamination of the sample surface from 
the residual gas atmosphere. Although it was possible to get 
a reasonable CEMS spectrum for one monolayer in few hours, 
.the adsorption of residual gases could not be avoided. O. 1 
monolayer of C and O could be detected with AES on the iron 
film surface one day after preparation. The same amount of 
hydrogen can be supposed, taking into account .the composi¬ 
tion of the residual gas atmosphere and the sticKing cóeffi-
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cient of hydrogen. Consequently, the increase of BJJF in time 
during which tne subsequent spectra were measured for the 
"20-1" film (as shown m Fig. 4. ) should be interpreted 

Flfi. 4. 

-6 -4 -2 0 2 i, 6 VELOCITY/(mm-s1} 
Moessbauer spectra of 1 ML 57Fe on the top of 
a 20-1ayer 55Fe{ii0) film on W(iiO) recorded 
in fl hours immediately after preparation (a) and 16 
hours later <b)*7). 

in terms of contaminations. To get data for tne clean 
surface, the CEHS spectra for the uncoated films were re¬ 
corded for a sequence of time periods, and the hyperfine 
interaction parameters were determined ł>y interpolation of 
slowly varying values to the time immediately after the 
preparation. As the lowering of the sample temperature 
favors gas adsorption, this type of measurements were per¬ 
formed only at room temperature. 
4, SPATIAL DISTRIBUTION OF THE MAGNETIC HYFERFINE FIELD 

In contrast to bulK ferromagnets, some lnhomogenelties 
of the local magnetization are expected in thin films anci 
near the surface and interface. According to the band 
calculations21-2e>, the spin densities are modified by t!va 
surface, leading to the enhancement of the ground state mag¬ 
netic moments in the outermost layers of iron and nickel. 
From the other side, the existing phenomenological ap-
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proaches of thermal excitations (spin-wave theory23), Monte-
Carlo calculations2*) or Green . function calculations25)) 
predict the thermally induced monotonous decrease of the 
magnetization toward the surface. Experimentally, the situa¬ 
tion is more complicated. Different methods, which are a&le 
to probe the local magnetic structure involve different 
physical parameters (spin polarization, magnetic moment, 
magnetic hyperfine field) and have the different spatial 
resolution. Any comparisons between them 'and with theories 
must be very careful. 

Tyson et ai.26) reported as the f irst the depth 
profiles of BHF for epitaxial Ag-coated Fe(UO) films ..on 
Ag(lll). They detected an increase of the ground state B^F 
at the Fe(iiO)/Ag interface. Applying the usual interpreta¬ 
tion for a bulk solid, that the Byp is proportional to the 
local magnetization, they claimed the surface enhanced mag¬ 
netic moments, as predicted toy Wang and Freeman22' for the 
Fe(lOO) surface. This interpretation had to be verified, 
when Ohnlshl, Freeman and Welnert27' showed, that the con¬ 
tribution to BJJF may be significantly different at the sur¬ 
face and in the bulK. They discuss only the Fermi contact 
term, being the largest contribution to the hyperfine field 
for 3-d metals. In the bulk ferromagnets like Fe and Nl it 
results from the large negative polarization of the core s-
electrons (proportional to the local magnetic moment) and 
from the polarization of the conduction electrons, which is 
also negative. At the surface, the conduction electron term, 
depending on the local environment, can become even 
positive. The total BHF is reduced in magnitude as compared 
with the bulk. Additionally, Bayreuthera> pointed out that 
at the boundary of a cubic ferromagnet the dipolar fields, 
vanishing inside a spherical sample, can contribute con¬ 
siderably to the total 

Using the experimental procedure described in the pre¬ 
vious sections the detailed analysis of the spatial dis¬ 
tribution of hyperfine magnetic field in 21-layer Fe(HO) 
films on W(11O) were carried out28). The temperature depen¬ 
dence of the &HJ? was measured for a series of Ag-coated 
films, with the ^TFe probe layer placed at the different 
depth, varied from the iron film surface to the center of 
the film. The results for the two chosen films are shown m 
Fi£,'.5. The plot reflects the described above aspects of spa¬ 
tial lnhomogeneities of BHF: thermally induced reduction of 
Bj42? (pronounced at the magnetic surface} and an increase of 
the ground state magnetic hyperfine field for the Fe(HO)/Ag 
interface. While the first effect could be analyzed in 
agreement with the spin wave theory23), the second one, al-
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Fig. 5. Temperature dependence of Byp in Fe(HO) films 
coated by Ag, for the topmost layer below Ag 
("2O+1/Ag") and for the centre of the film 
("9+3+9/Ag"). BulK dependence is given for 
comparison. All data are fitted by BHF(T) = 
BHp(O)(l-b*T

3/2) <from[2o]). 

ready reported by Tyson et al.26^, contradicts with only 
available calculations of Ohnishl, wemert and Freeman29' 
for the Fe(ioO)/Ag interface. However, beside of the rtif-
ffi-ont orientation used In the calculations, tlio pssont i .il 
f ' "• 1 « * I I I I III :: ,11 : : . » K I ' < M ' I M ' H l (".111 J > ! . i y .ll.-:-> i\»- o i i u t l i - . t I n I I n -
l l u ' i . r y o i | » ! I . i r I ' i i - l t l : : . m i l L l i o L l > U r U n i T . : : H I I lit- A c . i v i - r 1 . i y < r 
taKeu for calculation <only 1 ML). l^obably, Llie i'rt'i; iron 
surface is more convinient for comparison between theory and 
experiment. Instead of a monotonous behaviour, the 
calculations29) predict huge "Frledel-type" oscillations of 
B H F for the Fe(iOO) surface. The oscilatlons, amounting 11 T 
for Fe(liO) surface .and "reduced" . recently30' for the 
FV(liO) surface to 7 T, are localized In the three outctinoni 
l.iyiTii. linli'cil,. Uw room lomperatupf moasurtMnctiti: of llu> Jim.-
spritla'l distribution m uncoted 21-layer Ke(liO) films on 
W(H0) confirm experimentally the non monotonous character 
of the surface structure, as shown in F.ig. 6. To verify the 
reliability of the experiment, the measurements for two 
series of samples, with slightly different preparation mode 
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Fig. e. B H F near a free Fe(liO) surface at 3O0 K, taKen 
fi'om two series (a , o ) of Fe<H0) films-on 
W(liO), consisting of ei layers. Epitaxial growth 
started at 570 K for tootn series; tne 
temperature was lowered to 420 K for the probe 
layer and all following layers (o) or for the 
11. layer and all following layers (<?)2S). 
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O Theory for 9-tayer Fe{110) 
. O Experiment for 21- layer 

Fe(110)/W(110J 

Fl«. 7. 

7 6 5 4 3 2 1 
- — NUMBER OF LAYER FROM SURFACE 

Ground state Byp calculated for 9-layer 
I-'e<llO) film30' (O) and compared with the ex¬ 
perimental values, obtained near the surface-of 
the 2i-layer Fe<iiO) film on W(llO) <•). 
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were done. The ground state properties are obviously over¬ 
lapped with the thermally induced decrease of magnetization, 
which should be of the same order as for the Ag-coted films. 
The results for the free Fe(liO) surface,extrapolated with 
this assumption to 0 X, are compared schematically in Fig. 7 
with the band calculations30). The qualitat ively similar 
character of the experiment and theory should stimulate the 
farther activity in th is field. 

Up to now the magnetic structures near the free and Ag-
coated Fe(UO) surface were discussed.. Intensive CEHS 
studies of the W(ilO)/Fe(liO) interface were also carried 
out31'. The room temperature CEHS spectra for the 21-layer 
Pe(iiO) films on W(iioj, with the 5 7Fe monolayer probe 
deposited just on tungsten are shown In Flg.d. The top 
spectrum was taKen for the sample prepared at room 
temperature, but the. similar were obtained also for the 
standard preparation mode. They could be decomposed in a two 
six line Zeeman patterns: the more intense one,with the BHF 
similar to the bulk value, and the second one, yielding much 
smaller Byp of about 22 T. Obviously, the deposited amount 
of 57Fe does not remain in the first layer (counted from the 
tungsten side) but mixes with following 56Fe. When the 
preparation temperature was lowered to 90 K, which should 
depress thermally activated mixing process and "freeze" the 57Fe atoms in the f irs t monolayer.the drastic reversal of 
the intensities ratios of the two Zeęman components was ob¬ 
served (compare the bottom spectrum in Fig.8). Additionally, 
a change of the magnetization direction, as Indicated by the 
ratio of the line intensities, took place. This originates, 
probably, from the changed film structure, which is degraded 
by the low preparation temperature. 

Obviously, the Zeeman component with the small BHp ac¬ 
counts for the W(llO)/Fe(«O) interface. Whereas at the 
Fe(iiO)/Ag interface and for the free Fe(liO) surface only 
minor inhomogeneltles were detected {maximum about t.5 T), 
for the W(H0)/Fe(«0) interface the reduction of the BHF by 
over io T is observed. Possibly, the tungsten 5d electrons 
are responsible for this phenomenon, similar to that, ob¬ 
served by Hosoito et al.*) for iron at the interface with 
another d-metal - vanadium. Some role can play also the 
structural factor - pseudomorphle of iron with tungsten in 
the f irst atomic layer causes a slightly modified lattice 
spacing. 
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Klg. 8. The room temperature CEHS spectra for tlie 21-layer 
Fe(UO) films 'on W(11O), wltn the 57Fe monolayer . 
probe deposited Just on tungsten, tte preparation 
temperature was 300 K and 90. K for films . . 
corresponding to the top and bottom spectrum, 
respectively31'. 
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5. TEMPERATURE DEPENDENCE OF THE SPONTANEOUS 
MAGNETIZATION, PROBED BY HF-MAGNETIC FIELD 

What type of temperature dependence does follow t h e 
magnetization of the ultra thin film? Is i t linear, as pre¬ 
dicted by the spin wave theory32' for the film consisting of 
few atomic layers or deviates from linearity even for the 

. thinnest films as suggested by Bayreuther In his review 
paper8'. Different types of' behaviour were found 
experimentally. The magnetic measurements of Gradmann and 
Mueller33-3*', which In contrast to the previous experiments 
concern flat, monocrystalline films, suggest for the Co(iii) 
and 48Hl/52Fe(lU) films nearly perfect agreement with the 
spin wave theory32'. This results in the strong decrease of 
the spontaneous magnetization *ls with the decreasing film 
thickness. Simultaneously, for the thinnest films (below a 
ML), the change of the magnetization direction to the film 
plane occurs. It is accompanied by the change in the charac¬ 
ter of the magnetization temperature dependence from non¬ 
linear to linear one. If is plausible, that for the thinnest 
films an additional anlsotropy (surface anisotropy) causing 
the magnetization reversal, is involved also in tne Ng(T) 
dependence, as indicated ay the theoretical calculations of 
Levy and Motchane35'. The argument of decreased effective 
anisotropy (for example by the island liKe film structure) 
can explain the linear HS(T) dependence even for thicker 
films26). The Fe(llO) films on W(llO) form a suitable system 
for the Moessbauer analysis of the mentioned problems. They 
are free from structural imperfections and homogeneously 
magnetized even for thinnest films. The average hyperfine 
magnetic field measured as the function of temperature can 
be used as the probe of the total film magnetization36'. The 
normalized to Bup(O) values of the hyperfine magnetic field 
for Ag-coated 5"Fe films of thicknesses ranging between 3 
and 20 ML are shown in Flg.9. For all films the data could 
be fitted by BHF(T) = BHF<O)*(l-bxT3/2) with the b values 
ranging from 7.7K10~6 K~3/* for the 20-layer film to 
2,S»10"5 K"3/2 for the thinnest consisting of about 3 atomic 
layers (compare with b b u l K s 5.6*iO-6 K"3/2). Whereas the 
20-layer film shows nearly bulk behaviour, for the thinnest 
one the BHF dependence on temperature is much stronger but 
definitely non-linear. The results of theoretical calcula¬ 
tions of Jelllto32' (spin-wave theory - SW) and Haubenreis-
ser et al.3T' (Green function calculations - <3F) for some 
chosen film thickness are shown also in Flg.9 as the dotted 
and dashed lines, respectively. The calculations were done 
for model systems to some extent different tjia; that used 
in the experiment: <3F results, concern the bcc .attice but 
with (100) orientation, SW theory used the spin of 1/2. 
However, the surprisingly good agreement with the theoreti¬ 
cal GF curves is to be noticed in the wide temperature 
range. 
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Fig. 9. The tenfeerature dependence of tlie average ^F-
normalized to BHF<O), for the

 57Fe(il0) films on 
W<ltO) (•, 9, o, A for 3.2 ML, 5.1 HL, 8.5 ML and 
19 HL films, respectively). T3ie solid lines are 
the best fits to BHjrCn/BHptO) :l-b*T3/2. THe 
dotted and dashed lines are the results of the SV 
GF calculations, resp. 

The aim of this paper was to demonstrate the ap¬ 
plicability of the developed experimental method to problems 
of magnetic surfaces and ultra thin films. The capabilities 
of the Hoessbauer experiment have reached the level enabling 
the reliable comparison with the developing "an lnltlo" cal¬ 
culations and the common interplay of theory and experiment. 
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« 
Studies of Fe-Al and ?e-Si alloys have a long history £i-sJ . ID. 

recent years considerable attention has been paid to Fe,Al and ?z~Zi. 
alloys with the EC..-type of structura. The part icular interest is s••;•*-
dying the T50--type ordered ire,Si-based alloys stems froa the 
t i a l s i t e occupancy exhibited by 3d inpuri t ies in these alloys £4] .. 
Tłiis effect co.n be (.-:<plained cual i tat ively basing on the band stsae*rj-
ro of Fe..Si £ p j . Surprisingly, the s i t e preference which, accorciar; 
to band structuco calculations, should be the sane in Pe,Al, is by 
no means so clear in this alloy £fij . Moreover, the unusual proper¬ 
t i e s of Pe-Al alloys of the composition 3?eQ ^AIQ _ which can be ex¬ 
plained qualitatively using competing interaction reodsl, are to the 
best o? our knowledge-not obser'/ed in similar Fe-Si al loys. This fact 
is ~.ost probably conn«cted with a strong dependence of effective e;-_-
changs inter?otion on the distance betv.-aon iron atons £?J . 

The samples have been prepared fro a 99.8̂ -5 purs iron and 39.339J"' 
pure t.lurdniu- and sil icon. Tlie nietals have been nsited in aa inductios 
furnace, honojeoiss«d and annsailed so to ensure tha j30,-typ3 of order. 
The sample co-positions ova shown in Table 1, 
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Tafcie 1. 
Composition of the sanples 

saaple Ho At % Al At % Si 

1 2.9 . 23.5 
2 5.9 23.4 
3 7.2 25.4 

The distribution of atosis araong different cryntallocraphic s i tes 
has been studied by means of neutron diffraction. The intensi t ies of 
neutrons scattered froa powder saaplas non-magnetised an<? -agoetia-ii 
along the scattering vector havs basa .measured. ?rc.T. these t-.'c inten-
s i t i es the .-nagaotic and nuclear parts of the scattering have been ob¬ 
tained. 

The conclusion from the studies of the nuclear part of the neutron 
scattering is that the excess noo-ferrous atoas locate preferentially 
at the B-site. In accordance v;ith s t a t i s t i c a l errors of -aasure-ents, 
the possible content of these atoms in A(C) s i tes should not bo larger 
than 1 a t . %. Hov/ever, we have not found any syste™.atic trend in tha 
distribution of -aluminium ato.tis asong B and 5 s i t e s , 

rbnehow independent confirmation of such an atomic distribution 
cor.os from the magnetic part of neutron scattering. I t i s v/ell-knr.vn 
that iror. "nor.ents are very sensitive to their environments, ?rc-r. -cho 
rasu?uts of measurements on ^ i ^ . ^ S i [3J , where T donotes vanadium or 
nanganese, one knows that the substitution of one ix'on atom at tha 
A-site by an impurity atom causes a decrease of the magnetic r.onsnt o* 
the 3-site by 0,105 Bohr magnetons (3M). On tha contrary, if iron 
aton at the 3-site is substituted by another aton, the mosent at the 



A-£ite decreases by as much as 0.34 BK. In addition, Burch et a l . [9J 
found no essential difference between the behaviour c£ rragnetisatiya 
distribution in ' ^ „ y ^ 3 * a n d ^ e i_x^- a : i loys* k̂® aagnetie p-oziwts de¬ 
termined fro.?, the magnetic neutron scattering fit well to this picture 
if the atomic distribution detrained Ercn the nuclear part at scatte¬ 
ring is taken into acount. 

The MSssbauer spectra were recorded in transmission geosstry with 
a standard constant acceleration spectrometer. Th3 source •..•as ?'Co itn 
a chrosiiun natri*. 

The spectra have been found to consists of two parts: a liscar 
combination of four Zee-nan sextets of the Lorentzian lines abbreviated 
by Ps(8), FeCS1), Fe(4) and Fe(3) and a low-field central part. The 
Pe(n) donates the iron site surrounded by n iron neighbours. The S K -
tat Pe(S^ is due to iron at B-site surrounded by 8 Pe atons ia fas 
first coordination sphere but with 11Fe+1 (Al,Si) ator:s in 13n third 
coordination sphere. 

Pig. 1 shows the MBssbauer spectra for various cor.posi'. .oas ceaisu-
red at roor. terra era tur e. The solid line is a fitted curve r.;ultins 
frors a combination of 4 Zeeman sextets and a low field p.irt jf tis spe¬ 
ctra. The difference between the e;<periraental points and fitted 4 Z&r.-
?.in sextets is also displayed. Note, that ia the case oi sarrals Sa. 1 
(the least aluniniusi) this low field part is vary snail. 

The :-.ost important e:q)eriaental observations are the folljvis-rl 
1) The KSssbauer spectra of the ordered ternary Fa- .A1..31 alloyc v:±i-
bit a low (belov; 30 kCa) nagnetic fiald corponsuts for ::>0.1. Th? ab¬ 
sorption araa. of this part of the spectra:.: depends or; the Al content 
and for xnsO.3 aaiounts to about 30% of ths total atsorption. 
2) "-agnetic fields corresponding to four Zee.-:an sextets increase alrjst. 
linearly v/ith decreasing tersperaturo. Vi thin accuracy ot jur results 
the r.asnetic field associated with til? lov-field central part oC tho 
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spectra remains unchanged. 
3). The lin ©widths of the 3ee.-r.an sextets increase drastically v.-ith ulu-
miniua content from 0.57 raa/s (saaple ITcrf) to 0.70 xz/s (sanplo Ho.3.). 
Assuming that distributions of hypsrfine aagnetic fields have the Lo-
rentaian shape, the widths f i t ted by the Zeenan sextets are within 
aearacy of about 20%, equal to 6, T2 and 16 fcOe far sanplss 1, 2, and 
3, respectively. The temperature dependence Q? the broadening measured 
for the sanple No, 3 i s weak, if any, in the temperature rango of 
30-300'K. 
4) In the temperature range of 80-300 K the re la t ive intensi t ies of 
the subspectra of the sa.̂ pl-3 richest in aluminium (x=0,3jdo not depone 
on temperature. 

For the concentration of ?e atons in the E-sublattice, Cg, close 
to 1, the relat ive intensit ies l ( i ) for soxtets ?e(i) can bs ac easily 
calculated assuming s t a t i s t i ca l distribution of impurities anon<; 
3-si tes . Por exar.ple, in the case of sample Uo«1 the bast ajrreonMt 
v/ith e:cperitaent i s obtained for Cg = 0.97 which is consistent v/ith 
neutron diffraction resu l t s . Contribution from Fe atoms with environ¬ 
ments different from those considered above is negligible (less than 
2YĄ. One can also show that the weak fields observed in HSsscauer spe¬ 
ctra cannot result from the interaction between Fe atorns s.nd their 
nearest neighbours (nn) having 2, 1 or 0 iron atoms, even whoa a strong 
short-range order at B-sites is assumed. 

An aluainiua or silicon atom when substituted for ?s in Fe,Ci 
v/»aksns ferromagnetic interaction by breaking oce ferrocasnetic bon.'. 
Because of cosnpeting.interactions known to e:;ist in Pe-Al systen [10 
and references therein] the concentration fluctuations can produce 
a distribution cf magnetic moments decoupled or v/eakly coupled v;ith 
the basic ferromagnetic l a t t i c e . The tota l volur.3 of such regions, 
v/hioh eao e:-±ib4it lov: hyper fine magnetic fields, should increase vith 
increasing Al concentration, resulting in the increase of the inten-



sity of the central part of the spectra. The magnetic tislds fitted t;' 
sextets iocrease with decreasing tenperature while the aeaa values of 
the central part is practically temperature indepeodent. This indica¬ 
tes that the low-field regions can be only weakly coupled to ferroma¬ 
gnetic latt ice. 

Ling et al . [ n ] who studied ? a 3 A 1
x

S i i - x alloys argued that an ex¬ 
cess Al atom deforms the unit cell and the appearing quadrupoie inter¬ 
action leads to the line broadening, because several different.orien¬ 
tations of the effective field with respect to the gradient of the 
electric field are possible. Por much the same reason as abcve, in such 
a case, however, we would expect to observe broadening of Pe(3) sextet 
only. As our data show, the broadening, is'observed for all the sex¬ 
tets . Therefore we find this e;<planation unlikely. 

The low fteld regions affect ferromagnetic ones and the resulting 
magnetic hyperfine structure depends on the "contact area" between 
these two Itiads of regions. The inhomogeneity of the distribution of 
low-field regions should in turn lead to the line broadening of the 
Zê nao sextets. The total volume of such regions and inhonogeneity 
should increase with increasing Al content and lead to the increase of 
b.th the relative intensity of the central part of the spectra and the 
line broadening. This picture is fully consistent with oar observa¬ 
tions. 
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Fig. 1 The T'TSssbauer spectra at roor. temperature. The solid line is 

the result oE the least-square f i t t in r . Difference betwsea 

experimental points end. Cour Zosaan sextets is also shov.-n. 

89 



THE CORRELATION BETWEEN THE RESUET3: OF MAGNETIC CRYSTAL 
STUDIES DONE BY THE MC6SBAUER EFSECT AND B5T THE NEUTRON 

DIFCRAGTIONó METHODS 

Andrzej Siytula 
Institute o£ Physics, Jagellonian University, Kraków 

Ther results of studies of the properties of the magnetic crys¬ 
tals by means of the Mflssbauer effewtrand the neutron diffrac¬ 
tion performed" in Cracow and Warsow centers of physics are 
discused;. The special attention is given to the: completion of 
both methods; 

Magnetic properties of the matter can" be* studied by/ various 
experimental methods; Different: techniques provide complementary/ 
information; The present paper is- on the> comparison of the neutresn 
diffraction and the MSssbaues- spectroscope methods to: the inves¬ 
tigation: of the following subjects: 
1; cU-FeOOH /Goethlte/. is one of the polymorphic modifications o:f 

the* hydrated ferric; oxide /FeOOH/. The antiferromagnetism of 
goethite? was established" quite recently when A, Hrynkiewicz 
and D;. Kulgawczuk /1/ discovered' the zeeman splitting of its 
MBssbauer spectrum; Goethite has two internal magnetic fields 
and two critical points T ^ 1 ^ 340 K and T ^ » 370 K; The neu¬ 
tron diffraction data for ot-PeOOH /2/ Indicate that existence 
of antiferromagnetic collinear spin ordering below the Ndel 
point T,j » 362+5 K; The spins of iron ions are aligned paral-
lely to the b-axis. The results of neutron diffraction data do 
not agree with the Mdssbauer effect data. The collinear anti-
ferromagnetio structure excludes two values of magnetic fields 
and' two critical points; 

®» Heuslor alloys' are the metallic compounds crystallizing in a 
characteristic structure /121 type/; The orglnal Heusler alloys 
are ferromagnetic and based' on the composition XgMnZ# where X 
is a 3d metals, 2c is a B sub-group matal1 such as Al, Sb, Sn, 
Ga or In. The neutron diffraction studies of X2HnZ cospounds 



indicate- that the Heusler alloys a»e> ferromagnetics with high, 
values of then Gurie-temperatures /3/i The magnetic moment- per 
Jfa atom- is near- 4 pBi In the ease-o£ the Co2MhZ alloys the sat¬ 
uration of the- magnetization reaches- 5 Ug/atomi It suggests 
that the*magnetic; moment is:localized on bothiMn an* Go atons. 
The compounds Co2YZ, wherffi Y. ±s Ti, ZB, H£ air Nb are also ferro¬ 
magnetic: with the magnetic: moment localized? only: on the Co 
atoms /c*1 jog/ A / 5 
The experimental values of the hyperfine field at the. non-mag¬ 
netic: sites in Heosler- alloys; /SĄ, Sh, In, Cd/ and magneti©; 
site^ Mn were measured1 fair different authors /5/» The - obtained 
results; havs.1 been compared with the prediction of Garoli-Blandin, 
Campbell-Blandin and? RKKY models /6/i The plain dependence: of 
the- magnetic: fieldr value? on the magnitudes of the magnetic mo¬ 
ment localized' on the Ha or Co atoms' was; not observed. Till now, 
there= is no satisfying explanation of the mechanism of the mag¬ 
netic moment interaction* The majority of- the- authors that the 
interaction is of the; long-range character /7/» while the exper¬ 
imental results obtained foir the diluted Heusler alloys 
/Ni2Mn1i<{;TxSn» T«.Ti^ V/ suggest the shortwrange interaction /8/i 
FeSn is an intermetallic: compound of the hexagonal B55 type? 
structure; It is an antifenromagnet with Ne"el temperature at 
365 K; The combined MSssbauer Effect and neutron diffraction 
studies; on powder- FeSn sample /in the temperature range between 
ki2 K and! 4QCT K/ indicate the spin-flip effect at temperatures 
about 70 K; The observed phase-transition is due to the change 
o£ spin direction-, the magnetic moment is set along |i00] direc¬ 
tion for T <70 K whereas at 70 K < T < T N it is-directed1 along 
[210] /9/. 
Ferrites. It is the group compounds with the cubia crystal 
structure pf spinel described' generaly by the following formu:-
la M2*!^"^!" /H2* is a divalent metal, foxr example Zn2+, Fe2J" 
M 3 + - trivalent ion, for examples Fe 3 +, Al 3 +, X - 0, S, Se, Te/. 
The mixed spinela 2n-Nit Zn-Li-flPi have been investigated using 
Mossbouer Effect.and neutron diffraction method; For ZnOl£^!nQ 2 
Fe2°4 60aV°aaBi the neutron diffraction method indicate the mag-
netio ordering at 293 K» while the HSssbauec test measurements 



at 80 and 293 K indicate only.' a quadrupole doublet charcteris-
tic for tbe paramagnetic state; /10/; Similar effect is observed^ 
in th* ^a^* °*:z'^cLi^^)>5X

TiE''ei-oi5X
O4 compounds i The results 

of experiments Indicate the different value:of Curie point with 
Mossbauear effect and neutron diffraction methods; Forr3t»0 
1^-342*10 R» Tjf^O*? K, x»0;3 TJF-335±10 K, TJ^-ftSq+S Ki On 
the other hand in the-case? of ^ 
neutroir diftraction method does not indicate the' magnetic, or¬ 
dering up to 4j2 K, while Mdssbauer effect method give T ^ » 5 5 K. 
The^ obtained7 results indicate: thatr in the? case oil T ™ < T̂ r" the; 
sample is composed! a£ the clasfcer. oft »™«iflt dimension /-wiGQ "/' 
and it~ shows' a large magnet ©crystalline; anisotropy, white? in- the 
case Tg > T ^ the clasirers are of lartges dimensions /i~4000 &/ and: 
a small, magnetocrystallina anisotropy iss observed* 
KM*Ge Germanidea /M» M» —transition 3d metals:crystallize in 
the hexagonal crystal: structure of the? Nigln type; The: 3d metali 
atoms are distributed* in two sites; The MOssbaueir effect and 
neutron di£fractio»i combined experiment allows to determine' the 
magnetic structure' and the distribution of atoms* The pyramidal 
sites are preferred4 by Mn and' Fe atoms-, while: Co and Ki atoms, 
tend ta occupy tetrahedral sites /it/i 
RET2X2 compounds /RE is either lantanidsvor actinide metal, T is~ 
•~~~~~~~~~~~"~~~ a î id* transition element", X stands; for Si or 
Ge/ crystallize in the-tetragonal ThCr2Si2 type /space group 
Ikftwmf, with RE atoms in the 2/a/, T atoms; in V d / and X atoms 
in 4/c/ sites, respectively; In these compounds- from amongst T 
elements only Mn atom has: the1 magnetic moment. The rare earths 
moments ordeir usually antiferromagnetically.'or ferromagnetically 
at low temperatures /12/. 
The MSssbauer- effect measurements- showed that Fe and Ni atoms 
never have-magnetic- moments1 in thes* materials /13/. The 
Mfissbauer studies; of ' Euf *'Gd and Dy have the magnetic 
ordering at low temperatures:. /14/ In the case of EuT0X2 and 
GdTgXg compounds the orientation of the magnetic moments' rela¬ 
tive to the local fourfold axis /c-axis/ also was determined. 
It turns out that in the* Eu compounds: the easy, axis of magnet.-
ization is close- to the c-axis, whilltr in Gd: compounds it ia in 



the basal, plane? 
Orientation of the? magnetic- moments in the unit cell is connected1 
with signs of Bg coefficients; The crystal field hamiltonian foxr 
a rare eauth ion situated in the; site with the point symmetry 
•h/mvem ig 

where the O-OXJJB of the- tetragonal cell, has been chosen as a quan¬ 
tisation! axisi The operators cP and the coefficients B™ are like 
defined by Hutchings /15/X Q 
According to Greedan and Rao /16/ the positive value of the B2 
coefficient indicates that the magnetic: moment lies in basal plane 
or makes' 0 angle with the c-axis, while the negative value of- B2 
coefficient- indicates that the magnetic moment is parallel to 
c-axi&i 
The results of Mflssbauer effect and neutron diffraction studies 
suggest that increase in the number of ht and nd electron leads 
to change of the-^ value /see Table 1/. 
The comparison of the effective hyperfine magnetic fields /H e f f/ 
in Dyt2

X2 COBP01*0118 an<i °* *ne" respective magnitudes- of the or¬ 
dered magnetic moment /p/ observed in the neutron diffraction 
gives the relation Hcfy/kOeAv. 600 p /fiB/. This result is an evi¬ 
dence for a localization of 4f electrons; 
Table 1• The values of B | coefficients, and the direction of the 

• RE/r 
Ce 
Ęr 
Nd 
Eu 
(3d 
Tb 
Dy 
Ho 
Er-
Ta 

magnetic: 
. Mti 

-o;O7 

82° 
0° . 

-+,35 

moment for 
Ke 

-Oi63,O° 

84° 
-Oil, 
-1i8, 28° 
-0161,28° 
+0;67,90° 
+2J54 

RET^o compounds 
Co 

0° 

29° 
84° 
0° 

-i;o, o° +o;i 
0° 

90° ' 
90° 

* 
Hi 

44° 
31.5° 
0° 

7, 90° 
90° 

Cu 

-o;3 
0° 

52° 
90° 
90° 

+0.6,90° 
90° 
0° 

+0i'i2 

9k 
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MAGNETIC and STRUCTURAL STUDIES of. AMORPHOUS METALLIC ALLOYS 
with the HELP of MtfSSBAUER SPECTROSCOPY 
Włodzimierz ZYCH 
I n s t i t u t e of Physics , Warsaw Technical Universi ty 
oo-662 WARSAW, ul.Koszykowa 75 

Summary 
Mossbauer Spectroscopy i s used to study the magnetic and stru¬ 
c t u r a l p rope r t i e s of amorphous substances, whose composition 
was of the type PeQo-x™xB2O ' w h e r e ™~ t r a n s i t i o n metal . The 
spec t ra were taken a t teaperatur.es from 4.2 - to about 800K. 
The r e s u l t s were analysed using Window's method. The coeffi¬ 
c ien t s B in the Bloch's law were avaluated from the da ta . The 
influence of TM s u b s t i t u t i o n and temperature dependence are 
d iscussed . 

1. Introduction 
M&'ssbauer Spectroscopy is a very useful tool for the study of 
noncrystalline magnetic solids, because i t is microscopic 
measurementjand therefore became important method for investi¬ 
gation of the magnetic and structural properties of the amor¬ 
phous iron alloys (1,2,3,4), In ferromagnetic amorphous iron 
alloys, the magnetic moments of iron atoms are affected by 
nearby atoms, and therefore the internal magnetic field dist¬ 
ribution obtained from Mtfssbauer spectrum can be used to exa¬ 
mine the atomic arrangements in the amorphous structure. 
Especially, magnetic dipole interaction leading to the nuc¬ 
lear Zeeman effect is a measure of the internal hyperfine 
magnetic field. We have studied magnetic properties of the 
amorphous foils of the type yetjo-xIMxB2O' w h e r e ™ -"transit¬ 
ion metal : Mn,Cr,Co,Ni and x was 6, 10, 20 at %, B - boron. 
Great interest in the metal-metalloid ferromagnetic glasses 
based on Fe, may be attributed to their various magnetic 
applications, but also to the interesting theoretical aspects. 
The iron-rich alloys have very good soft magnetic properties 
combined with good mechanical strength and hardness. A number 
of studies concerning, the magnetic properties of Fe-based 
glasses have been reported , but there is s t i l l a need for 
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a more systematical research. We want to clarify the effect 
jf transition metal substitution on the physical properties of 
the Pe-based amorphous alloys with constant, value of metalloid 
(in our case - B20 ) . This report constitutea part of a broa¬ 
der research devoted to ?eRO TM Bon (x=6, 10, 20 )amorphous 
alloys, where TM = Ti,V,Cr,Me,Co,Mi and Pe80B20is reference 
substance (5,6). 

2. Experimental 
The amorphous substances investigated here were in a form of 
long ribbons with a nominal width of 5 nim and thickness of 
"'-• pm. The non-crystalline nature of the samples were checked 
by X-rays. All the spectra were recorded in the standard tran¬ 
smission geometry with a Co source in Cr matrix. The measu¬ 
rements above room tenrerature were performed using a vacuum 
cryostat with temperature stability of about - 0.2 K. Room 
'temperature Mossbauer spectrum of thin Armco foil was used 
a: a standard to calibrate the spectrometer. The results con¬ 
cerning measurements at 4.2 K were taVen from our earlier 
publication (5 ) . An appriopriate way to characterise Hb'ssba-
uer effect data of the Pe-based ferromagnetics is through 
their hyperfine field distribution and this will be the main 
point of our analysis. Information concerning the magnetic 
hyperfine field distribution were obtained by fitt ing the 
spectra 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 <&H . The spectral linewidth, 

number of Fourier coefficients N, and the intensity ratio 

3 : b : 1 were varied to find the optimum fi t , as measured 

by the chisquared criterion. In some cases larger width ob¬ 

tained is assumed to reflect the distribution of isoraer shift 

and quadrupole splitting that have been neglected in present 

analysis a3 the values of the second order. The influence 

of composition, particularly transition metals l-in,Cr,Co,Ki 

and temperature on hyperfine magnetic field and dispersion 

of this field is the subject of the report. Our experiment 



clearly indicates 

that ferromagne-

tisin may exist in' 

a wide range of 

composition, whe-i 

re Fe~atoms are 

substituted by 

TH-atoms. As an 
example, the Mo3s-S 

0 1 
bauer spectra 

the corresponding 

hyperfine field ~"-7-6 -5-4 -3-2 -1 0 1 2 3 4 5 6 7 0 150 300 

distribution P(H) Velocity (mm/s*| 

at selected tern- Flg.l. The Mttssbauer spectra and thr = 
peratures for hyperfine field distribution P(H) . 

amorphous Fe~,Mn,B20 are shown in Fig.1. I t is clear from th» 

overlaping broad line widths, that measured spectra io not re¬ 

present a unique hyperfine magnetic field, because o:" noncry-

stal l ine 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 environment, around the Kossbauer ab-
57 

sorber atoms of Fe. Because oi the prolonged heating at tem¬ 
peratures near T , the Mossbauer measurements are not adequate 
for determination of the Curies temperatures T for amorphous 
alloys. Amorphous state does not show a rapid transformation 
into crystalline state, but -the changes take place in some 
temperature interval depending on IK and composition. As we 
can see, the value of the hyperfine magnetic field distribution 
shows a slight decrease as the temperature increases, and i t 
was also observed in (9 ) . Fig.2. show_£s the dependence of the 
hyperfine magnetic field versus atomic number 2 (or ?d + 4s 
electrons) 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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Fig.3. The dependence of hyperfine 
magnetic field on T and x 

i'i. la .-; is increasing with number of Z ( 5d +4s electrons) rea-
c-ir.j- a .Tif̂ imum for Co and has lower value for Mi. This can 
b- a direct evidence that magnetisation of the Fe-based gla-
•:.:-oc :.? ic-ternined by the charge transfer between the cc.nsti-
- -r.4-.:. icsential changes in the case of Mn and Cr - could 
••;ril- fron drastic changes in the local structural order 
;- : : in- th-s tendency towards antiferromagnetic behavior. From 

: -.2. •••::• can se?( that the highest values of the hyperfine 
-'.:>; \r? observed for x = 6, T = 4.2 K / I / and also for x =6, 

/ I I / . There is not great difference between the cur-
/ I rsiij/ and /I7 and V/. On the other hand muĉ  greater 

:r- r.-.• in the value of H are found for the set of curves 
:i '.t roora temperature for x = 6 and 10 /T*300K, III and 
?hs values of H for x=20 that correspond to Cr and Mn are 

= " ' -. J , 



significantly lower. The alloys with Cr=2O atfi 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 versus Z , i.e.. transition metal 

content is seen to exhibit a maximum , which is contrary to 

the dependence of dispersion of hyperfine magnetic field dis¬ 

tribution H as a function of Z. I t i s already known, that the 

hyperfine field depends on composition and temperature. To 

observe this trend more closely, H-value is plotted against 

TM-concentration and temperature. The data points follow a COB-

sistent gradual fall with exception for samples containing 

Co and Ni , at room temperature. As we can see from Fig 3, 

H varies almost linear¬ 

ly with composition. 

Only the curve for Co. 

content sample show^a 

a minimum at To300K 

for x = 10. The values 

of reduced hyperfine 

magnetic field calcu¬ 

lated from our measu¬ 

rements ( 10) confirm 

the same temperature 

dependence as that of 

the reduced magnetisa¬ 

tion. Also higher va¬ 

lues of B~/2 coeffi¬ 

cients in Bloch's law 

for our samples than 

for crystalline , were 

obtained. Pig. 4 illu¬ 

strates the correlat¬ 

ion between hyperfine 

magnetic field and the « M H zs 26 zi 2a z 
. . . Tl V Cr Mn F» Co Ni 

mean magnet ic moment F i < M > T h e c o r r e l a t i o n b e t w e e n h y p e r f i n e J l l w . 
per Fe-atom (6) as the netic field and magnetic moment per Fe-JUon 

x-10 
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function of Z of the transition metals substitutedjfor Fe-atoms, 
The influence of TM-addition on properties of amorphous alloy 
appears to be very interesting problem for theoretical conside¬ 
ration and practical applications. The local short-range ato¬ 
mic ordering as well as the temperature of the glasses may con¬ 
tribute to the strength of magnetio interaction as i t i s seen. 
from our resul ts . But further systematical experiments are 
desirable to clear up various viewpoints. The author would 
like to thank Doc.Dr.J.Suwalski and Dr.H.Łukasiak for very 
helpful collaboration. The amorphous ribbons were produced in 
Insti tute of Material Science of the Warsaw Technical Univer¬ 
si ty. This work was sponsored by the Polish Academy of Scien¬ 
ces in the frame of the Scientific Program MR 1.4.II. and 
CPBP 01.04.11. 

References 
1. U.Gonser, Atomic En.Rev.Suppl. No1,(1981) 
2. U.Gonser,L.Preston, in Glassy Metals Vel.II. Springer V.1??; 
3.C.L.Chien in Nucl. and El.Res.Spectr.Appl.to Hater.Sci, 

Ed. Kaufmann and Sht.noy, North-Holl.( 1981) 
4.Ch.Janot in Proc.Nuci.Phys.Heth.in Mat.Sci.,Darmstadt (1961) 
5.M.Łukasiak,H.Maty;ja,W.Nazarewicz,J.Pluta, I.Sledzinska, 

J.Suwalski,W.Zych, Acta Phys.Pol.Vol.A68 (1985)199 
6.W.Zych, J.Milczarek, Phys.Stat.Sol.(a) ,90,K165 (1985) 
7.B.Window, J.Phys,E.:Sci.Instr.4(1971)4C1 
8.R.Moskalewicz,W.Zych, Phys.Stat.Sol.(a) 97.K4 3 (1986) 
9.C.L.Chien et a l l . Phys.Rev. B20,$979) 285 
10.J.Gwiazda,B.Mariańska,M.Peryt,:rf.Peryt,rf.Zych 

Proc,3rd Int.Conf. on Phys. of Magn.Mat,, Szczyrk-Biła, 
Sept.1986, to be publ. in Acta Phys.Pol. 

1O2 



KÓSSBAUER STUDIES OF ISOTROPIC FERROMAGNETS IN CRITICAL REGION. 

K. Brzózka, M. Gawroński, K. Jezuita,and J. Szlanta, 
department of Physics, Technical University, 
Malczewskiego 29, 26-600 Radom, Poland. 

Mossbauer experiments measuring the statical critical expo¬ 
nent & and the dynamical exponent W in the isotropic 
ferz-onagnets are reviewed. The results of our experimental stu¬ 
dies on the critical behaviour of Fe are presented and compared 
to that obtained by Kobeissi. 

1. Introduction. 
In the last few yfsrs the statics and the dynamics of isotro-

yic ferromagnets: Go, Fe, Ni, EuO, EuS, and nominally isotropic 
•r-.o c.d, around T has been of considerable experimental and 
theoretical interest. The critical behaviour even in such 
•;ii7.ule systems, which may be good examples of theoretical mo-
•Jels, is still an object of controversy. To obtaine a unique 
Picture all experimental techniques, especially Mossbauer 
spectroscopy, are important because measurements are performed 
over differrnt critical regions and give direct, information 
about various critical exponents. 

The N'osEbauer effect was used to test the predictions of 
ir-ignetic critical phenomena, both in the area of statics and 
dynamics, under the following not trivial assumptions ["13 . 

- The hyperfine field R ~ is proportional to the magnetiza¬ 
tion . 

Hkf(T; . MCT) IKt 
- The line shape is a Lorentzian and the line broadening 

A P is proportional to the spin autocorrelation time % 

AV(T) = 
V/crk supported in part by the Institute for Low Tempera¬ 

turę and Structure Research Polish Academy of Sciences under 
Programme CP3P 01.12-1.5.5. 
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Careful measurements of the statical critical exponent {3 
and a determination of the dynamical critical exponent z have 
been made using the scaling relations [2j 

l$f 
where t is the reduced temperature , & -dimension, 

V and h -the statical critical exponents. 

Table 1 
Mossbauer nuclei useful for critical studies. 

Isotope Trans- Parent Natural Excited St-ito Ground SV^te 
ition " hal.*- line-
Energy life width T nB T 
/keV7 /days/ /nra/s/ ^ A ^ 

1 8 1 T a 
5 7 P e 

1 6 1 Dy 

1 1 9 S n 

1 5 1 E u 

1*9Sm 

6.2 

25.6 

23.8 

21.6 

22.5 

140 

270 

7 

250 

120 

106 

0.0065 

0.19 

0.37 

0.63 

1.^4 

1.60 

9/2 

3/2 

7/2 

3/2 

7/2 

5/2 

5.1<» 

-0.15 

0.59 

0.67 

2.58 

-0.62 

7/2 

V2 

5/2 

1/2 

5/2 

7/2 

2.35 

0.09 

-0./.7 

-1.04 

3.''6 

-0.66 

Mossbauer spectroacopy has a number of significant advT.it3-
ges over competing techniques D , 3]. This method offers the 
ability to : 
-work in 2ero applied field below and above T , 
-observe the effects of critical fluctmtions below and nfcrw Tc 

-utilize samples of very small size, so that probler- fr-z 

temperature and compositional honogeneity are alnlrizoi. 
But there are the disadvantages of this method too: 

-limitation to local tr.agnotination effects, with no diroct 
ability to probe the size of correlated regions, 
-limitation to the wave number q - averaged correlation tire.-, 
so that the exponent or , not the critical exrone.it z , 

is directly measured, 

-limitation to a few radioactive probe atoras, listed in 
Table 1. [3 
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2. Review ni c r i t i c a l o••-.•:3v.1.7uT :.:: i.^o-rcpic '-•rrcr.agn^••'. 
The f i r s t Mccsbauer s tudies of rr.ri£T!ptic ~:-itica; ri.er.or.e'i,-. 

were done in Fe by Preston, Hanna ans Heberle [Ll . Hovev-r 
experimental determination of c r i t i c a l exponent? in f«:•-:::,;--
nets requires precise measurements vcry close *.̂  ?^ ti\~h g';od 
resolu t ion of Mossbauer l i n p s . Frora a l l Mossbauer eyperlrer;ts 
presented in Table 2 . , only re., -nt f-xo-?rinep.t.s it. '-'.•' »r..i :.'i 
verp disigned with suff ic ient a t t en t ion to .Tsrxie ar.-; f;!rccr2-
ture homogeneity to penr.iL decisive :cstc of :;od'?2 , r e^ ic t io r ; 

Table 2 . 
The c r i t i c a l exponents ji and z ior i so t ro r l c i-rrc.T>.jr,ptf 

^ ft-f*. re ; r<Tc Material Range in -t 

57Fe 
/•V 

EUO1 5 1EU 
Ni i 2 i Sn 

Theory: d.= 

-io 
10 
-1 
"2 

^7-T / ' • ' 

0.625-
Heisenberg system 0.365 

9 
10 
11 

T>T Material Range in-fe 

Fe 
Fe 
Ni 
Ni 

; F e 
57pe 
57Fe 
57Fe 

Theory: 

5 
5 

oC=3 
spin 

10" -5-10 
-i0"^-5-10 
•i0"^-5-10 
10^-5-10 

Heisenberg 

~2 0.62 
~3 0.62 
"? 1.0 
"2 0.71 
system 

/13/ 
[20f 
/v 

nonconserved svstem 

1.93 /18 / 
2.17 /Ź? / 
2.50 /1? / 
2.05 /3C/ 
2.5 

6 
1? 
13 
1u 

The dynamical crossover of the exponents C or z 
observed, contrary to other techniqes . 

was not 

3. Static and dynamic critical behaviour in Fe. 
Our Kessbauer data on Fe [7,12] illustrating determination 

of the statical and dynamical exponents, and the correction to 



scaling fora belcv T 

-re shown in F i g . 1 . and-Fig.2. 

n I 
850 

L_J U--1--l—l— 
690 930m.< 970 /OHO 40 

Fifr.1. Sc-ilinc and correction to scaling below T :'or 
c 

0.5 A 

Fig.2. Determination of the exponents above T for Fe. 
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In contrast to Kobeissi, we v.v ••:'. xhs óecend te.m in fa; 
as a correction tens to the asymptotic cr i t ica l behaviour/3/. 
The comparison of both results is shown in Table 3. 

Reference 

6 
7 

Correction 

T c 
1043.05 
1043.25 

Table 3. 
to scaling 

0. 
0. 

,367 

•365fixed 

below Tc 

552 
547 

for Fe. 

a 
-0.458 
-0.38 

0 
0 

A 
•55fixeri 
.52 
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MOSSBAUER STUDIES OF STATIC CRITICAL PHENOMENA 

IN AMORPHOUS FERROMAGNETS. 

K. Brzózka, M. Gawroński, K. Jezuita.and 0. Szlanta, 

Department of Physics, Technical University, 

Malczewskiego 29, 26-600 Radom, Poland. 

Mossbauer experiments measuring the magnetization expo¬ 

nent p in the amorphous ferromagnets are reviewed and our 

experimental studies on the static critical behaviour of 

Fe^gNi gSi.-jB- are presented. 

1. Introduction. 

The nature of the ferromagnetic-paramagnetic transition 

in amorphous ferromagnets has fascinated both theorists and 

experimentalists for more than a decade now. In the recent 

review . papers \1 t2j the present experimental data have been 

re-analysed by Kaul and compared with those previously repor¬ 

ted on crystalline ferromagnets and with the predictions of 

the existing theories. We focus our attention on the Mossba¬ 

uer studies of static critical behaviour of amorphous ferro¬ 

magne ts. 

Fe Mossbauer spectroscopy has been extensively used to 

understand ferromagnetism in amorphous structure [3j. The 

first Mossbauer measurements J.4J on amorphous Fe-P-C alloys, 

indicated a sharp transition at the Curie temperature T , 

were reported in 1968. However only' the few works [ji-ioj 

a quantitative analysis of the critical behaviour was carried 

out to data. There are many difficulties, especially the un-

desirobly large uncertainly in T and the poor spectral reso¬ 

lution caused by a progressive smearing of the already broad 

inherent linewidths due to the increasing width of the hyper-

fine field distribution P ( H ) as T-*Tc[l] •
 T n e t r u e asymptotic 

values of the critical exponents can be determine'd when • . 

the experimental data are fitted to the scaling relations in 

the asymptotic range of the reduced temperature t = ~ — < 2^0 

work supported by the Institute of Physics Polish 

Academy of Sciences under Programme CPBP 01.04.11.1*10. 
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I. rtagnetization exponent j$ of amorphous ferromagnets 
from Mossbauer measurements. 

The Mossbauer effect technique is one of the direct and 
accurate methods of determining the 9 ta t ic c r i t i c a l exponent 

5 characterising the deviations of the spontaneous magneli¬ 
bation M from i t s value at T via the scaling relat ion 

Mft) = Mot'5 / i / 
A linear relationship between the hyperfina field H ( T ) and 
the magnerization M(T) as T-»T is used to deduce M(T) from 
the measured H [ T ) . All ft values determined from Mossbauer 
measurements using the relation / I / are presented in 
T»blu i I i j . 

Table 1 . 

Til- c ' i . i ' i a ! "oponent jb for amorpn.-us ferron.agne s-

• . • j 1 in} Range i n v 

.••• . . a , , 5 5 ' 3 . . . - 2 a - i o ^ - g - i o " 1 

'"- , t \ •i.j 9- lO-2-^ '!©-1 

Fe7 5P1 5C ; 0 3-10-2-6-1O"1 

Fe0.65Mll0.3575Gd25 *" lO^-S-lO"1 

F e40N i40'l49b 3-10-2-6-10-1 
Fe32Ni36Cr14P1286 4 > 1 0 " 7 > 1 0 " ł 

Theory; 
d=3 f<fi.?onberg order system 
extrame disorder Jin-t 

P 
0.31 
0.34 
0.33 
0.42 
0.32 
0.40 

0.365 
0.50 

P-/ 
/ 2 / 

/w 
/14/ 
/W 
/ 3 / 

\iS f e t C r c c 

K 

6 
7 
8 

7 ,9 
10 

11 
12 

Kaul l'f>s concluasd ['. ' rhs • -
- width of the asymptotic c r i t i c a l region i n 3d amorphous 

t r a n s i t i o n meta\-metr ]Joid a l loys i s of s im i l a r magni¬ 
tude i n both cry.'.rnl"1 ine and amorphous t e r r c s c . ic- . ; 

- the values of 5 J." -svch a l loys tends to oe sJ iohtvy 
higher than t i 1 - \ r > i ; •••.•:? i;i c r y s ^ a l l i r e terro">po,»~: hs 
Heisenberc Tic-djl. 
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3. Stat ic c r i t i c a l behaviour in amorphous ferromagnet 
F e 40 N i 40 S i 13 B 7 ' 

A series of Mossbauer measurements was performed, in the 
temperature range 300-700 K , on the amorphous F e4oN Ł4nS i i3B7 
/VITROVAC 4 / in the form of continuous ribbon 10 mm wide and 
about 25/tm thickness f l 3 J . The sharp transit ion from ferroma¬ 
gnetic to paramagnetic phase is observed near T =509.6 K. 
The c r i s t a l l i s a t i o n process begins a long distance of T 
above T=690 K, This property ensures that aetastable amor¬ 
phous state is not disturbed while studying the c r i t i c a l be¬ 
haviour near T [ .2] . 

Mossbauer spectra of Fe 4 0 Ni 4 0 Si 1 3 B 7 at temperatures below 
Tc exhibit well-defined but broadened s ix - l ine patterns. As 
;i f i r s t attempt, we have f i t t e d the spectra to six Lorentziam 
peaks, characterized by a mean hyper fine f i e ld H *t/T/t with 
a Lorontzian f ie ld d is t r ibut ion P/H/ [ 14 ] 

I t seems that the formula / 2 / adequatly describes P/H/ in 
amorphous transition metal-metalloid alloys as T->T . The va¬ 
lues of H f f / V obtained from the Lorentzian peak f i t and the' 
values of the ratios A/H e f f (T ) are shown in Fig. l . 

The scaling relation 
H6H(ł)= H o t ' 

was used to deduce the exponent^ from the measured H e«*/</ • 
The values of the Curie temperature T = 509.6± 0.3K and the 
c r i t i c a l exponent (i = 0 . 55±0 .03 have been derived from a 
three parameter least-square f i t to a simple power law / 3 / in 
the asymptotic range t = 3-10 to 2-10~ . As was shown in 
Fig.2 . the width of the asymptotic c r i t i c a l region for the 
exponent C> is much wider than that in the c r is ta l l ine Fe [l5J, 
in agreement with the theoretical prediction £ l 6 j . The obtai¬ 
ned value of the c r i t i c a l exponent 5 " 0.55 is rather unex¬ 
pected. 

I l l 
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Investigations of Crystal and Ma/rnetic Properties 
of the (fexV1_x)3Al „lloys 

J . J . Bara, 3.F. Bogacz, T. Rendecki* and W. Zarek* 

Institute of Physics, Jagellonian University 
Reymonta 4, 30-059 Cracow, Poland 
xIn6titute of Physics, Siiesian University, 40-007 Katowice 

The new series of cold-worked alloys (Fe V -J-JAI were 
synthesized and investigated by the X~ray diffraction, mag¬ 
netometrie and Mflssbauer effect methods. I t was found that 
increase in iron concentration c&uses continuous transition 
from atomically disordered A2 type eryste} structure /x=0, 0.17 
and 0,33/ to ordered B2 type structure /~-0 67/ ?,nd then bacic 
to A2 tvpe structure /x=1.0/. The x--0f 0.17 and 0.33 alloyB 
are Pauli paramagnets above 4.2 K, while the iron-rich composi¬ 
tions /x-0,53 and 1.0/ are ferromagnets with Curie temperature 
502 K and 803 K, respectively. Broad line Mtfssbauer absorption 
patterns and distributions of hyperfine interaction parameters 
are consistent with crystal disorder within subletticea. 

1. Introduction 

The Fe-Al alloys, depending on the aluminium concentration and 
thermal treatment, may crystallize into three types of crystal 
structure: A2, B2 and DC, / 1 / . Each of these structures exhibit 
cubic symmetry bat differs froa each other in the degree of 
atomic ordering of the crystal lat t ice. 

The V-Al alloys prepared by arc melting from a solid solu¬ 
tions of A2 type crystal structure / 2 / . 

Up to now, apart from the Fê VAl composition /3/i no inves¬ 
tigations on Pe-V-Al alloys have been reported. Presented here 
are the results of investigations of the polycrystalline 
!Fe V, ,'̂ Al alloys performed by the X-ray, magnetometrię and 

effect methods. 



2. Lxperixental r.otai'r 
-'olycrystailinc (FcJ -.^Al alloys with / O c i s V were pre-
~ared ay arc melting from stoichionetric quantities of the 
:-tarting metals in argon atmosphere. They were quenched from 
liquid stati onto v.eter cooled copper plate. Investigations of 
crystal structure were performed at room temperature or. pc>v~ 
ćsreć samples by the Debye-Scherrer nethod. Magnetic meesure-
L-«ntr; wore carried out at taiperatures fror. 80 X to H O C K iv. 
n na^r.etic field up to 1,2 T using the Jaracay metnod. 

c 7 
J Fe iLScsbeuor p.bsorption spectra were recordea both t.t room 

57 and liquid nitrogen temperature using Co/Cr/ source ana a 
constant acceleritio:i iiflssbauer spectrometer. A hir.h puiity 

otelJic iron foil v.a.s usod for vel ic i ty calibration of iha 
.i'.aBB\'.e':ic: spect;:1. .et cr. The least squares coinout.'- :• ^rc :: JJ.; 
'.ere ur-:d to ocrivi from IJflssbauer absorpLion cprcvi'i cit-^rcic 
.•allies or j.i f51 ;-i but ions of hyperfine int ei'actioji p^r^r.eie; ,J. 

j . Hesults 

X-ray phase analysis have shown that all samples were 
aingle pn&cos of body centered cubic structure but differs frorr: 
each other in the degree of atomic ordering of the crystal 
lattice. I-ig.1 shows how many percentage- of re /V, Al/ ^tcx:; 
occupy the B-sites in the crystal structure. Tne x=0.C7 cc-.r.pe¬ 
tition it; nearly completely ordered. 'Ihe lattict conctant. of 
tnt invest! raleu alloys decreases nonlineariy with increase in 

! Fe concentration, rc-scninj 
* ° a minimum at about x-G.r.7. 

Fie . 1. Fract ion of the : e V, Al 
co.~.j..Oiitnt at the o-ci iec versus 
iron concentration :>:. I'jie l i nes 
are draw.-: cy hand i:. order to 
&ide the- eye. Tne unit ce i l of 

_ ;____ _iJt i ; the ii ' tyce DCC c:rL-cturc i e 
0? 0* 0.6 OB" 1.0 

IRON CONCENTRATION x inserted. 
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Magnetic investigations showed that in the measures temperature 
range magnetic susceptibility of alloys with x=0, 0.17 and 0.33 
is independent on temperature. This sugests that they are 
rauli paremagnets. At temperatures above 80 K magnetic suscep¬ 
tibility of the alloys with x=0.5, 0.5S and 0.67 decreases with 
increasing temperature, thus indicating the apparence of iron 
rrognetic moment, but does not obey the Curie-Weiss law. At tem¬ 
peratures above 30 K the x=0.75 alloy does not exibit a long 
.•łige riagnetic order but shows a strong field dependence of the 
magnetization, characteristic for superparamagnetic alloys. The 
nlioys with x=0.33 and 1.0 are ferromagnets with Curie tempera¬ 
ture T =502 X and 808 K, respectively. 

oome selected -"Fe iSflssbauer absorption spectra recorded for 
v Ft.,.7 ' Al alloys at T O O Q and liquid nitrogen temperatures 
a: . .• Lown in Fig. 2. Fig. 3 shows variations with composition 
o:1 i corner shift and quadrupole splitting. 

4. DiscusBion of the results 

structural investigations of cold worked ^ e 7 ) ..Al alloys 
have shown that increase in iron concentration causes the con-
t.i.-i:ious transition from atomically disordered structure of the 
A.: type /x=0, 0.17, 0.33/ to ordered structure of the 32 type 
/x-O.cl/ and then back to the A2 type structure / x = W / . This 
concentration dependent transition may be a result of competi¬ 
tion a~>ong the- Fe-V, Al-V, re-Al, i'e-Pe, Al-Al and V-V bounds. 

Analysis of the results of magnetic investigations -rr.ows 
that local enviroment of iron atoms has great influer.ee ox: T.ag-
neiic properties of (Fe.V, ) -Al alloys. Fcr low iron co::ce:i-
trations the iron atoms do not possess magnetic no.-eats since 
ii-jucber of magnetic nearest neighbours at a given iroa site is 
very sraall. The appearence of magnetic moment or. iro:: a tor. is 
a?s2ciated with its at least six iron nearest r.ei!_;..boi;rc. 
.:-.:L.~ is fully realized in alloys of hignest iron ccr.cer.tra;i:.".:. 
-.•.e presence of both rionmagnetic and magnetic iro;; ato.T.s in the 
crystal lattice of intermediate compositions results in Ciirie-
Weiss and band contributions to magnetic susceptibility. 
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The broad line Mdssbauer absorption patterns /Fig.2/ and the 

distributions of hyperfine interactions parameters are con¬ 

sistent with crystal disorder within sublattices. The line 

brosdering is due to the fact that at a given concentration of 

iron the values of isomer shift, quadrupole splitting and hy-
57 

perfine magnetic field for a particular Fe atoms depend on 

the number of Fe, Al and V atoms that occupy the nearest-neigh-
57 

bours sites. The Fe Mfissbauer .effect investigations confirm 

the magnetometrie data according to which all compositions but 

'x=0.83 and 1.0 are paraaagnets 

at room temperature. At 73 it 

the hyperfine magnetic field was 

found for x>Q.?5 composi tiono. 

M5K 

78K 

r~ 
1 ' p f \ 

h\v.'M 

/ 

\\r~ 

78K 

Si: 

VEtoaTY (mm/i) 

^7 
VELOCITY 

Fig.2. Selected •* Fe UBssbauer absorptic;: fceczrs. 



The MBssbauer absorption patterns recorded et 235 ̂  for 

5 compositions can be well described by quadrupole 

doublets. Variations with composition of rooc temperature 

isomer shift and quadrupole splitting values are smooth and 

very email /Pig.3/. The quadrupole interaction is observed in 

spite of the fact that the crystal lattice of (Fe V, ),A1 

alloys is norni; ally cubic. This is because random distribu¬ 

tions of Fe, Al and V scorns at the lattice sites cause depar-

lF».v,..JjAi 

i • 
£ C t -

3 J-
IKON COHCCNTIIATIOH t 

tures from exact cubic symmetry 

about the Fe atoms. It should 

be noticed, however, that both 

isomer shift and quedrupole 

splitting values are not sucn 

influenced by the degree of 

crystal disorder. 

Fig.3. Variations with compo¬ 

sition of isomer shift and 

quadrupole splitting. 

Ihe behaviour of Kflesbauer absorption patterns ae function 

of iron concentration gives some information on nagr.etic or¬ 

dering of (Fe V, _?-,Al a l loys . At Tó X magnetic orceri.-:^ 

see^is to s t a r t in x=0.75 composition and i s fully eviutnt ir. 

x=0.d3 and 1.0 ones. 

further investigations are in progress. 

Supported by project CPBP 01.12 
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MOSSBAUER OBSERVATIONS OF THE MAGNETOACOUSTIC ECHO SIGNAL 

A, Kotlicki 
Institute of Experimental Physics, Warsaw University, 

00-681 Warsaw, ul. Hoża 69, Poland 

An experiment to observe magnetoacoustic echo signals 
by the MBssbauer technique is described. The absolute 
value of the atomic vibration amplitude corresponding 
to the echo signal is measured. The simple model of 
magnetoacoustic echo effect is reported. 

This paper describes the first MOssbaue-r observation .if an ten--, 
r,i,-jnal [l]. It has been reported [2-4 J that in somt! caces thu 'en: 
si'inal is due to the magnetostrictivo czcitaticr. o: cisstic iv.v-- . • 
fhe material, ;he response of which ir, rion.Lvncar. T • i «= object c:' vli 
experiment was the confirmation of this sug^jes '. io'i ~n.i thu r, <_• .;• -. i. r r -.•• ' 
of the absolute value of amplitude of nuclear vibrations assoc: it<:" 
with the echo signal. An electronic systeir. was designed to stor t 
"i -ray counts detected in a preset time interval after the exc. .nr. 
r.f. pulses ir. the quarters of the memory of a multichannel an-, /cer 
(fig.l). The counts corresponding to the time i t . mere stored i 
the first quarter of the analyzer memory, the ones corresponds 
A t n in the second quarter, etc. The Mtissbauer drive \'.as synchrony-;: 
with the analyzer in the conventional way so that each quarter of the 
memory contained the full MOssbauer spectrum corresponding to the 

state of the sample in the chosen 
time interval after the exciting 
r.f. pulses. 

° It has been shown by many 
workers (see e.g. [5,6jjthat the 
MOssbauer spectrum of a sample in 

12 16 ZO W 21 B »•*• 

=f «... PUI.« and t * m - w h i c h acoustic vibrations in the 
spon<ii"q " ' " ^ "&"h*<"r 20-200 MHz range were e x c i t e d 
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cc:*...'ins sioebo'ids or satelitę lines separated from the main lines 
•r\ :.*•! energy T\a: , where W is the frequency of vibrations. The inten-
•~i'. of these sioebanas is well described by a modulation index 
!-,= x /X , where \is the vssvclength of the Y radiation over 2 II and 
.155 the value of 0.137 8, and x„ is the average amplitude of the 
nwcioar displacement due to magnetoacoustic vibrations. 

Toe natural iron 'oil samples v;ere cut from a sheet of natural 
_r •<•; rolled to h thickness of 15 pv\ and annealed at 1200 l< in 
VJr-'oen. These samples .vert used as the stationary absorbers and 

• ore winced in n helical coil which constituted a part of the re-
:-ri...-r circuiv oi t!-c- Generator. The r.f. field was applied in the 

IT O f «.:it 

''< . ;i U. '. 0 • • 

' •/ r .; c .-. I 
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•; ó r.i p 11.-. The ner. S;J rc-nen ' •". wero raadi. with a conven-
••,: -.iccei'.-ration fitsrjoucr spoc t roue t er, which u "• i iizc-d 
:r;-- _c nul [iGcsler analyzer in tho nulti^calor mede nnrl 
>C' "Ci of '' Cc in Cr. Lorontnisn Line nhapes ..era fit tec 
.r.i'ri'-!l points and the line intensities wore used to 

In the run which th. 

strongest echo signal 

was observed, ^ /J& r . f . 

pulces separated cv 

4 ŁJS in te rva ls were 
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tmq pulses, one with only the first pulje, and one with or.lv tn? 
second pulse. Such a sequence of rune- allowed the r.f. sideband 
effects originating from the acoustic vibration dr-cay fallowing soch 
pulse to be distinguished frox the real echo offset. 

Fig. 2A shows the Mttssbauer sp-oc t ruiv. obtained in the time -u^ior-
16-20 /us after the appli'.ation of >v,c 4 us r.f. pulses starting at L 
os and 8 ,us. The r.f. sideband modulation index for this spectrum is 
';.?4 - 0.05, as compared with 0.00 i 0.05 :jnd C.54 - 0.05 for the 
•pec.'ra obtained vtxth the first and second pulse only. cig.2B sho.vs 
t!"0 MOssbauer spectrum obtained in the time region 20-24 JJS. The r.;. 
M'Jcoand modulation index for thic spectrum is 0.2<i - 0.05, as cor-
p,.irod with 0.00 - 0.05 and 0.25 - 0,05 for the- spectra obtŁinc-d oi • 
rho first and second pulse only. 

It is clear that the spectrum observed in the time interval cc'--
T<_.'spending to the echo reflects tho actual incrensp of the amplitude 
of the atonic vibrations in the direction perpendicular to vh« sasn-
Die. This at.-iplitude of vibrations W3S measured to be about A i. ii.ies 
snaller than that observed while the r.f. pulses were applied. Tnic 
is consistent ivith the values observed using conventional MMS tcchni--
oues in lithium ferrite[3^]. 

From the point of view of future applications of this effect it 
is interesting to describe the formalism given by O.Mycielsi<ij one 
enn utilize in treating the problem(jSj. Let us consider the syste.n 
m which one con excite the vibrations in the broad frequency r?'rr, 
.e excite in this system vibrations the amplitudes of which are 
given by the normal distribution. 

^ fy » i and Jf (w) d<u= 1. 
In the case of experiment described above Cc is the frequency of the-
pulsed r.'. field and fl is of the order of pulse length. After the 
rwo exciting pulse applied at times t=0 ond t = '̂ "the amplitude of 

stotn corresponding to frequency k? +A&is given by 

]cos[(to +Ao?)(t -T)\ 
hs 



Li is describing the interaction of r.f. field with acoustic vib-

rc-tion and^C is related tr> the nonlinearity of the system and mea¬ 

sures how th«- gmplitjJe cf vibrations excited with second pulse dep-

enos ?r. the -jnpiituoe or vibrations existing in the system. The dam¬ 

ping cf vibration!" was le*t out in the first approximation. 

From the oxoerimental point of view we are interested in the ave-

'cif? value cf the vibrat: ons unplitu-no corresponding to all excited 

' '•''•• 'A d A. 0.) 

VOS 

; r.que 

rh.-

• \ 

ncies 

<x> 
l n t e p 

- f. 
--• t . J. 

" r.e \i-.-- :-

•. ibrr:-:: -.-•: 

Vhiv> ;••/••• . :. , e l y s'.r'::.'C ^ o d e l i n d i c t ! t uz tl.^i t h e o r h " .-•. „r'.ji or. r-

•..v ;JIVC? ro-.i.: i n t r r e s t i n n i n f orr;a t i o n a b o u t t h e n a n ! i '••::. r j ! y n •' t i •:• 

r;vsr..n and consequently of the interactions between tho .Koii'-.tic 

i'-,c- farthor i np rovcr.cn t of the r.odel port ici;lorly inclun-.n'- : ic 

'.. • .'.ni' or rii-"* vibrations rnijht be nece5f-:iry. 

:.<? ..uthor is indebted to Mr. S. Fi j aikevaki for the r'ss^Tibly of th 

..:.•".: i re nic '.:,:ven ano for technical assistance. Th:.s •:.or'<: war r-.upp: 
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SHORT RANGE ORDER IN AMORPHOUS METALS STUDIED USING 
THE RF COLLAPSE EFFECT 

Michał Kopcewicz 
Institute of Experimental Physics, Warsaw University, 
00-681 Warszawa, Hoża 69, Poland. 

The fast magnetization reversal induced by the magnetic radio-
rrwaency field causes the collapse of the magnetic hyperfine spli¬ 
tting and leads to the paramagnetic-like spectra in the ferromagne¬ 
tic state. In order to observe fully collapsed spectra the frequen¬ 
cy of the rf field must be higher than the Larmor frequency and the 
i r.t -r.sity of the rf field should be large enough to overcome magne-
t'c ;msotropy field, so that the switching time of magnetization 
c. ••-• > L-a.t will be comparable to the period of the rf field. Than the 
°~; a on otic hyperf.lne field experienced by the MSssbauer nuclei is aver-
ra'.red to zero /1-3/. This effect, called the "rf collapse", allows 
to separate magnetic dipole andplectric quadrupole hyperfine inte¬ 
ractions and makes possible to observe directly the guadrupole spli¬ 
tting doublet (QS) in the ferromagnetic state /4, 5/. Since the qua¬ 
drupole interaction provides more direct information about local 
structure than magnetic interaction or isomer shift, QS is a useful 
probe for the short range order in amorphous metals. 

The rf collapse effect was employed to study QS distributions 
in iron based amorphous alloys such as: FeQ._ Si B 1 Q /

 Fegd_ s i S^g 
Fe xHi 7 5_ xSi 1 0B 1 5, F e75 S i

x
B25- x

 a n d various FeB, FeNiB and FeNiSiB 
v'C-9/. The rf collapsed spectra were obtained with 62 MHz, 20 Oe 
rf field. They consist of an 'asymmetric broadened QS doublet. The 
distributions of QS were determined using the constrained Hesse-
Riibartsch method as described in /TO/. To account for the obser¬ 
ved asymmetry of QS doublet the linear correlation between isomer 
si11 ct and quadrupole splitting was introduced. The average values 
of QS and IS" were extracted from the distributions of QS. 

For the series of samples investigated the following -general 
trends were observed: (1) QS decreases with increasing Fe content, 
(2) isomer shift IS initially decreases with increasing Fe concen-
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tration than begins to increase again for iron concentration above 
about S0%, (3) for fixed metal concentration Ts decreases with in¬ 
creasing boron concentration, (4) QS decreases initially when boro, 
is replaced by silicon in F e75 S i

x
B25- x' *5^ asymmetry of the OS 

doublet increases with increasing Fe concentration. Furthermore 
Qi> shows clearchanges of slope as a function of composition for 
F<;SiB series (Pig. 1). 

QS 
imm/sl 
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-0 5C 
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Fig. 1. Variation of average cjuadrupole splitting QS (A), and 
average isomer shift IS (B) with iron concentration 

" Fe84-xSixB16' - F e9O-x S ix B!O ) 

For F e84_ x
S i

x
Bio t h e r e a r e "steps" at 73% and 81% of Fe, and for 

FegQ_ Si B ^ - at 76% cf Fa /7,8/. Such changes of QS are predic¬ 
ted by the structural model and reflect the changes of short range 
order in this alloys /11/. When Si is introduced to FeSiB it takes 
Fe positions with no boron nearest neighbours. When all such pla¬ 
ces are filled than the structure changes to create new-Fe sites 
without boron as nearest neighbour. This leads to different ica: 
symmetries and hence to different QS. When Si concentrat i or, is 
further increased the next structural change occurs, observe ! 'n 
the experiment as a second step in QS vs. Fe concentration -'.. . 

In the case of amorphous FexNi7- Si10B., alloys QS dr.-t.ses 
continuously with increasing iron content (Fig. 2.). This suggests 
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the gradual change of short range order from Ni-rich to Fe-rich 
compositions related to stronger chemical interaction between Ni 
and B than between Fe and B. 

0.6!-

0.(0 

ose-

I O.St 

t * ł 

Fie 2. Average quadrupole splitting QS against Fe concetration 
for Fe Ni.,» Siin^i5 ^° ~ determined from rf collapsed 
spectra, x - from paramagnetic spectra at room temperature) .. 

The results obtained show that by using the rf collapse effect 
reliable information about quadrupole splitting in ferromagnetic 
amorphous alloys can be obtained and provide valuable data about 
short range order. QS distributions are very sensitive to even 
small changes of the local structure which can not be seen in dif¬ 
fraction experiments. It is therefore important to use the QS da¬ 
ta from Mossbauer experiments when testing the structural models. 
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Comparison of A'-ray - e~ Gc-iricićoccc- a.r;d ,1or.o~incidence 
Conversion hlcctron jIL'sjw .̂-c-r I>i.ectra 

J . J . 3ara and B.P, Bogacz, 

Institute* of Phyaics, Jagellonian University 
Reymonta 4, 30-059 Cracow, Poland 

The performance of the X-e~ coincidence technique for recording 
depth sensitive Pe CEIdS spectra waa investigated, 

1. Introduction 

Conversion Electron ."ilflssbauer Spectroecopy /CŁMS/ i s in¬ 
ert n.d icjly being used, ;;G a nondestructive i^pth integrated 
oi depth aent.it.Lve ceo'., for th* irr.iyjifc- ::'.' :.-;e surftice 
layers. The depth if.tegra.ee.. tc:)~r.i nu;-. i .• :•',;„-aolo for the 
identification of the che:nic;.]. c-; r/ •.>j:;dc cc::\::ii:.x.. ; .^rf.-ict1 

Lfi '̂ors. In this ' ••"-ch-iiqae eioojL :.II cac.< : (••itiv:ied elfjctj-cna 
are detected by a.i :ia/CH.. flow nro;)or':-io"-r\2 r.L'untQi1. For :hc 
" '̂ i e isotope, tr.cas are the L-sr.o!!l / U - ^ .-:?V/ a.-;d K-shell 
/7 .J keV/ conversiof. electrons a.r. well ac; r.'.e rl-LL / ^ . i «ceV/ 
a .id L-..1.: /O.53 !:eV/ Aurjer eloctrons. Ths ir.:e.isity r&vico and 
the energy distributions of thesa originally mono energetic 
beams of electrons are charged during the electron interaction 
in the scat terer . The contribution of each surfsce I?.yer to 
the depth integrated CLiViS spectrum originates fron a few elec¬ 
tron bea.i;s of different energies and thus of different penetra¬ 
tion depth. Thio complicate interpretation of the aepth inte¬ 
grated CEIaS spectrum. 

In a more detailed surface analysis the depth sensitive 
technique i s us-.d. I t i s based on knowledge of on electron 
energy dintvijution u^ a function of depth in the crat terer . 
fhc K-shell conversion electron line i s usually selected by 
duplication of an electron spectrometer &nd the correlation be-
:vjcar. electron energy loss and the electron depth of tire origin 
it. ut i l ized in depth profiling MSesbauer studies. The depth 
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sensi t ive technique i s t ine consur»iing due to very low transmis¬ 
sion oi ?.:<. electi'cn spectrometer. Tnis l i :n i ts wide applica¬ 
tions of that technique. 

Tne use of the nc '̂CH, flow proportional counter and the X-e~ 
coincidence teennique in Ck.MS studies offers <?ome sort of cora-
procise between the depth resolut ion and the spectra storage 
time. The purpose of th is paper i s to inves t iga te the -.erfora-
a.ncu of the He/CH, flow croDortional counter and the X-e" coin-
cidence technique for recording a-epth s ens i t i ve ^'Fe Ct:'.:s 
.-pectra. 

... ixpe-a.^entai technique 

Ire -u,'Cn proportional counter has -.sldely been uisc-d it: 'ieptr, 
. -."c ;:-%t :•" CL,(L> inves t iga t ions , fhi;.; -j E r/ . inly due to i t s hi^r. 

. u.-.^v.is «.^Ticiency a::>i 2TT geometrv i"ur i C i t t e r c : cLectro.-e. 
>-•'•• :o :ijv. :;:e energy resolut ion of the Hc/«H, proportional 

• -..•-..-, t e r /.a.; shou^ht to bo very poor and therefore i t w a a not 
a.-:e:j into account in depth in tegrated CiiMS inves t i ga t i ons . 

However, the energy resolut ion of the He/CH, flow proport ional 
counter in about 17»7» for the 6.36 keV elect rons / I / . This 
allows se lec t ing at l eas t four nonoverlaping energy in t e rva l s 
,vi:i:ir. the 0 to 7.3 keV" energy range and studying deptn seru.i-
T.iviiy of vhe C'L-fiS spectra / 2 / . Iven i f depth s e n s i t i v i t y of 
;;:T- c juater i s not suf f ic ien t ly good for depth prof i l i :ic; C»...;o 
.:.'-.%• c^tije.ticr.s one should know how the experimental condition;:, 

• :ch a;: so t t ing of discrimination levels or i n s t a b i l i t y of .-cs 
-"..reaa, effect the r e s u l t s . 

J .1 order to improve depth s e n s i t i v i t y oi the :Ie/CH(. fiosv 
• r. cortior.rtl counter one should elirniiiatt. a l l conii-i t a l i o:jb ou» 
' ••• :;-^r ;cll conversion- electron o.-ic to tht. U„a s . i c i ru . , T:u^ 
-.u- r.c ac/.e, without a lui'Se dccieaoo in the cou^r i r j rt-tr-, by 
,; p l i c a t i o n of the &- e" coincidence technique. OJT c:<_vi 3 ~:r: •: t;• 

i't pcrf JM ::od at roc:T. temperature US\:';J; a ' 'Co/C:7 i,juKf a..i 
. ~ J ...:,-;..:. r.ccGltratiou ..flsocaucr spes.ti-oxi.tur. V.'. ...".-..i?uu>,r 
...u-. •:.; crs were :io6d in the experiments: Ł .i0.7; J ' n d-.r:Lc:.c c 
-•.u.'.ifcc: s t ee l fo i l and 5O.6;Ł t e enriched hiu-ietite and 
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magnetite layers on an iron sur.sirat<: . A r-;/-.\e~ I ^ Ł T of 
hematite and iriagnotite was produced ?y ,u: .i^ing an iron I 
at 623 K in 1013 hPa of air for 3.J n ^ w , Heaatite '*sc L 
top layer, magnetite was the second iayiri- and thr iron 
strate was the third layer of the :. ve::ti^ated scatcerer. The 
iron foil was neither polished :.o annealed prior :o oxidizing. 
An one-wire He/CH,, flow proportional counter was used for de¬ 
tection of electrons emerging from « scatterer surface. Con¬ 
version X-rays /6.47 keV/» produced inside the scattorer simul¬ 
taneously with the K-shell conversion electrons /7.3 keV/, were 
registered by an Ar/CK. propori.ior.al oau.-.ter wnj on was plactd 
j j s t behind the rescnant ecnttercr. T̂ u- ..L- ray p>lstti wire used 
for coincidence purpose:-: / 1 , ?./. 

' . Results and ai.scuco-f.:: 

In o r d e r to Bhov. the pvr£o::?.&:ic<: o . ::._• ..-'." col i_, Ji .;c• • i - cn -
nique for Ci..«ti inveslicationt. t'r.c. - J 
lion to the electron puiae-nc-.^h: jp 
sceel ocattcrer/ was determined / h -
and without application / 5 / of the C 
coinciaence spectrum /A/ originates 
version electrons. The intensity of the :\-;.-hell electron bee-
increaces with the iricrease in electron c.crgy /decrease in 
depth/ what should be expected. Appar: fro:?. t;:e .-\-Gncll con¬ 
version electrons, the L-cneli conversion electrons and the 
K-LL Auner electrons are sec; in th- nor.ccir.cidence spectru.r. B. 

c c i : ' - 3: ".;..' :;• airsiea. ' 
1/ n "--> ip; : i ic : ' . : ion /A/' 

' i . i : :no: :c i : :.echr.i--ae. l"r 
- . lv - ron ;hc K - a h e l l co'-; 

y 
A .•••:•• 

Ol- • V ' " ' 
UJ *- „ •*" * * " " 

.25 , S 

Fig.1. 1'r.e nuclesr resonance 
contribution to the bear, of 
back sccV-cred eiectror.s detei>-
mined for the " Fe- enriched 
stainless steel scattertr with 
/A/ and witnoiit /£/ appiica-

-"^- tion of the X-e" coincidence 
technique. 
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.-•.<:. i..-; coincidence / l e f t / and non-coincidtir.ct .ri^r.i./ 
.:: optevra r.l^.ultaneously recorded for the u;-:e: / ; • . / . two 

. .;ev:.:t:.::i:o / - and C/ and lower /iV energy intc-x^valc of 
,cc::on_ o^e: ̂ ing froa the duplex layer of hematite a.-: a 

.r.i.-r.etii'- J:I tne iron substrate. 

I.-. ziuży of tne depth sensit ivity of tne coincidence and 
.. -j'.ccir.ciaence Ci..is spectra we used the reponant sciittcrer com-
K'^c- of the duple:-: lavtr of hematite er.d :2agr;ctitc on a;i iron 
o;;Sj;ratt:. i.ijut /four coincidence and the correspond:.::^ i'cur 
: .,>c.~i::".i dence/ CLhio spectra were oiaaltaneoiisly lecordcd 

.-iy. <_/ for four energy intervals of the electron ^ul;e-neir;ht 
spectrum. The A spectra were recorded for electrons of highest 

132 



o.-trgy while the u oned for electrons of lowest __.e."gy. Łach 
Ci.Ma spectrum can be decomposed into four Zeeman sextets. The 
outer sextet corresponds to the hematite layer /top layer/, 
ine inner one to the iron substrate / third layer/ and the re-
r.rdning two sextets are due to the A and B sublattices of the 
magnetite layer /second layer/. The positions of the peaks 
srrising from various phases present and percentages of the 
tc ;.al spectrum area contributed by each phase are indicated in 
?:.£, 2, Prom their comparison the depth sensitivity of both 
cc.xncidence and non-coincidence Ca.MS spectra i s evident. The 
doprr. rensitivity i s also vizualiaed by changes of line ara-
i :

t ; ; i o ratios of verioub phases. The top hematite phase ie 
:"!o;; pronounced in the ii coincidence apectrurn while the deepest 
I c • -•::(: in the I one what should be expected. The L-shell 

. • '.ii'.p eie.;'-ro::;i a:.a" tae X-LL Auger electrons notocibl,. i*-.-
. . . ..iCvi tr.o noii-coi .o^oencc Ct.i'.iS spectra. The i roi: contributiorj 
• - • t:•• nan-^oincidt.-i;.'.. spvcirim A i s the Inrtjeot one whilfi the 
.-.. .'..ii :e co.-itz'ib'Jtion i.- the snalleot one. This C'£\]3 r,pectru.Ti 
•::.•;:..".;:tea mainly from ihe IJ-shell conversion electrons. The.ro 
: . .-.o corresponcii;ig one recorded by the coincidence technique. 

I:: conclusion, both the X-e~ coincidence and ncr.-ecincidencc 
C-... w. soectra recorded with the He/CK. flow DroDortionp.l counter 

ą 
ere depth ser.citive. This property should be taken into ac¬ 
count in the depth integrated investigations or may oc utilized 
in the preliminary depth sensitive surface studiec. The ji-e 
cri.:]ciaence tecimique improves depth sensitivity of Zi.:iS 
-..-y.(01ra recorded with the Ke/CK, flow proportional counter. 
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197 
High Ргеззигр M£ssbauer Study of Au in CtvAu-Cl. and CsAu 

Jan Stanek 

I n s t i t u t e of Fnysics f Jagie l lonian University, 30-059 Cracow, Poland 

Abstract 
197 "Gssbauer spectra of Au in Cs^Au^Cl,> Cs-AuAgClg, Aul and CsAu 

w?re studied up to 68 kbar. The pressure-induced changes in the 
isone г sh i f t , 5", and the quadrupole s p l i t t i n g s , A , of Cs„Au?Cl,, 
Cs,AuAgCl„ and Aul suggest a posi t ive sign of the e l e c t r i c f ie ld 
gradient a t the Au nuclei and a negative sign at the Au nucle i . 
Or. t h i s basis , the chemical bonds in the gold hal ides are concluded 
to,be primarily ionic» The Mdscbauer spectra shown that the Au and 
Au'' i'.r.s are dis t inguishable up to 45 К in the high pressure s ta te 
cf Cs^Au C l , . Thus, the averaging of. the Au valence s ta tes observed 
.it ">T' kbar with x-ray dif f ract ion i s a dynamical process with 
a ••.-.. \ t :vely long re laxat ion tiir.e due to the corner sharing topology 
• • ..••',г.;in.it ion octahedra. The spectra of CrAu suggest a phase 
tn..\ i cion Sz-cm the OsCl-type s t ruc ture to a s t ructure of lower 
::y:-"itry, at a pressure somewhat below 27 kbar. The t rans i t ion in 
indicated by an increase of lebye temperature, a decrease of ' ,-e 
iDuier sh i f t , and the occurence of a quadrupole s p l i t t i n g in s 
high-pressure phase. 

u Й , i s re la ted to perovskite CaTiG,wi' 
nciing to the posi t ions of Ca, Ti , and C, 

Introduction 
The s t ructure of Cs„.Au, 
ar.d ""• atoms, corresponding to the posi t ions of Ua, Ti , arc" c, c< 
tc the- post recent single c rys ta l x-ray diffract ion data / 1 / , i t 
.:c:-.sirts of chains of d i s to r t ed , corner-sharing AuCJ , cctahedra. 
'"he .-.u and A'.;'"1" ions are ordered and occupy the crysta l lographical 'y 
; •- .' quivalent peri tier, г 2a and 2Ъ of space grot-p 14/.'::п:г, with typical 

..1.-.Л1 "П- l:.i:t..ii d e n t a t i o n s oi' the coordina i,io:. OŁ.ia!.r;-.x •- ас shov.r 
j n ?:.£, 1 . 

J.T-iurr, gold chloride shows in te res t ing phenomena ur.dtr high ргег.?...с. 
. ".:: ."creasing pressure the C] atoms shi f t gradually toward;; ar. 
; -.'i.ntZy ryr.ro'. г;'^л1 position between the gold atorr.f {..'..it iv 

• . lair.ed at ri2 kbar / 1 / . us a r e su l t the gold atoms ar.';u:v_' gtiorc".-i-
c."'.'v rseudcecuivalent pos i t ions . They become indir.tir.re.ic-.able 
'v,:- a OTYŁ, ta l lographic point of view, possessing a nominal valence 
'. 'c L° +2. Thir s t ruc tura l change i t associated with a strong 
• •'t;:,'::1" increase in the e l ec t r i ca l conductivity by nearly nino nrdei-ь 

•.' -ag?::tude from ambient pressure to 60 kbar / 2 / . 
Thr Kftcsbauer rr.easurenentb beyond pressures a t which c r i t i c a l changes 
in s t ruc tu ra l geonetry and e l e c t r i c conductivity occur, should 
provide a microscopic insight into the electronic s t a te of Au in 
Cs„Au„Cl, at high pressures . Moreover, r e su l t s of Cs„AuAgCl, and 
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a i s o .•ь-en t e d . The c r y s t a l s t r u c t u r e c-f C^AuAgCl i;-
'c r ^ i o i o i i i y the same as t h a t of Cs Au ,Cl , , with Ag+ r e p l a c i n g 
ru . Ix.-. behaviour a t high p r e s s u r e s is^expectod t c be s i - .^ l . - to 

Cs„Au„CI,. Aul i s a.:san.ed t c : - to.- mo?: 
s t a b l e aureus h a i i d e . I t s c r y s t a l s t r u c t u r e 
(space group 14,,/ncm) c o n s i s t s 01" l-:.g г i f zap 
polymer cha ins of Au-I / 3 / . A ecr ;;:: ••з г г . f 

ы*щ «u'4 

Cr\ 

MBssbauer d a t a o f Gs„Au ? Cl- , Cs_,AuAgCl, - d 
Aul w i l l provide some new informat ion about 
chemical bonding of gold h a l i d e s and a l lows 
a d i s c u s s i o n of Cs„A-j^Clft r e s u l t s on a r e l a t e d 
b a s i s . 
The i n t e r m e t a l l i c ccnipound CsAu c r y s t a l 1. zr>s 
in the CsCl-type (32) s t r u c t u r e . I t s ban. gap 
has been treasured / 4 , 5 / as 2.•'. eV a t roc:;. 
t e m p e r a t u r e . The l a t t i c e c o n s t a n t in r e p o r t e d 
to be /, .263 2 / 6 , 7 / . - V ?--;r.iconducUr,g 
compound mel t s a t 5?" * С t* a : iqu :d with 
predominantly jon io •.•or 
em i anion v a l e n c e - b a r ' d.. „. . . , . 
w i t h t h e r e ] a t j v: г- t i e У.ог:~у. г ••.-}'••.- -
( KKR) ban - - -t ru о t -j re с i 1 - •: 1 \ t . ;• • / i . 
this calculation :•. •_•"?• Гл г ant о:..:,' 
from the eesit.;'. '.-> ::.e .-.eH r:'t." i-. 
The l a t t e r : s ccnr io ter . t with TICIPUI 
the Hossbauer isomer <:vift? /'2/. 

.J s t r u c -
' , ; - of CF .v.- .CI. a t 
' . or . Arrov. о show 
the d i r e c t i o n and r e ­
l a t i v e ampl i tudes of 
CI ions s h i f t s when A r ecen t t o t a l - e n e r g y c a l c u l a t i o n /""' 
p ressure i s a p p l i e d , p r e d i c t s a p ressure - induced phase tr . 

fron the 32 to the B32 NaT! struct-,. 
p r e s su re of about 4b kbar ; in the irarcev;crX of t h i s theory 
these two s . r j c t u r e s a re compared. The preser t study '.••'•: г ur 
in order to о\tend le e s r i ' o r s e r o - n r e ^ s u r e ^stiMie" rneanur 
/ 1 2 / to h ighpr pre Sr-• i •.: . w r : '. -tiev.lc 
p ressure - inóuecd phase trtut-:'',.- / ' 3 / . 

to ey.-jlcr 

Experimental 

a/ Kttssbauer spectres~e; ' .•:' Ли. 
The methods and result. . . " b:-.uer spectre с.-" 
reviewed, e.g. и: / к / , ''"x ... a fev: re? cv;-.-.'. •• 
Due to the relatively, h:<~: e: - :-gy ci' the- ';!: = :, 

'Au (77.^ keV) the weasui -ements/^urt car: :.-.•.-
temperature. A source of 200 rr.Ci ! -t .-. i/.- о . 
obtained in a nuclear reactor free, ho ""! t'4r., 
The nuclear spins of ""Au ir. e.-.v.toc ar..\ ._:• •:,-.. ,-t. 
respectively. Since the radius cf the '"' Ли nuclear, : 
state is greater than in the ground state <5" of "' Au 

1'V 



proportional to the electron der.sity ;i th» nucleus. The- h a l f - l i l \ 
time of the 77.'I keV nuclear lovel i s 1.89 ns which corresponds 
to a natural l inewidth of 1.882 mwjs, i . e . several times smaller 
than observed differences in Q and A of different valence s t a tes 
of Au. 
b/ High pressure apparatus. 
The apparatus for high pressure Mossbauer studies was similar to the 
one described, e.g. in /15 / . The absorber pellet / 4 rn in diameter/ 
was placed between tv:o EC anvils. For CsAu case the pelet was 
formed and sealed into tnin plastic bag under argon atmosphere. 
Pressure was applied at room temperature and maintained using 
a copper-berylium clamp while the system was cooled to liquid He 
temperature. The effective pressure on the sample at room tempera¬ 
ture was determined with a bismuth-wire calibrant. At A.2 K a lead 
manometer was used for pressure calibration. 

Results 
a/ Gol.i hal ides /16,17/. 

Au spectra of Cs 
at 68 'rrbar /?.:, 

Au.Cl^ were ta>o:i a t 1 '.;.u /•%." ,xr/ 
4.2, o and Ab K/. ;cn.o ::;.<• ctro r.:-- • 

K/ 
ir, 

V \ 

V 
! Ł -

1 / 

i zr 

197 Fig. 2. Au spectra of Cco 
taken at different pressures 
and temperatures. 
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?ig. 3. ̂ he iscTr.er shift -
electric field gradient rela¬ 
tionship fcr Au compounds. 
Solid line, cf. Ref/18/, broken 
line, cf. this work. 

In each case the spectruir consists of two lir.es of different-
intensities. The stronger line is a aurc of the unresolved Au 
quadrupole doublet and the low-energy line of the Au doublet, 
the weaker line being the high-energy line of the latter. Secause 
Au /Au+ = 1 in stoichiometric Cs Au Cl the intensity ratio cf 
the two apparent lines should be in a first approximation 'bw. 
In fact, the experimental ratio is about 5tT. This discrepancy was 
explained by the determined difference in recoil-free fractions of 
Au /0.O59/ and Au /0.080/ at 4.2 K. 



'.'• : •-::•'»:••••' : ••• A. ":c... ' *. *\K* -^:'- foun: beyond the M i it :>i 
•:••:•"• ::r:r.tal i.r:-..-. £•;:• Cf Ai.An."!.- a .:e;-reace cf 6AJ' and ar, increase 
-''- AAJ* -cul' cc i.statliched. In Sul ar. increar.e cf c5" and a decrease 
cf /i wŁth inorr-aring prc-seure were found. 
for the electronic state of Au ';wo alternatives are considered: 
/i/ 5d ' (t's6p)" configuration, where M is a varying degree of ^ ^ 
covalency. The electric field gradient, V is negative, /ii/ 5d " "6s 
state. In this case two anionie ligajids "press" 5d 2 electron 
density into-6s orbital. The 5d 2 "hole" in the otherwise fully 
occupied 5d shell produces a possitive V . 

zz 
srpreted in terma o 

the 
Square-planar Au' complexes are usually interpreted in terms of 
5d { SdSGCp'V orbital configuration.. The two electron holes in th 
ĉ ? Z orbital produce a negative contribution to the electric 

field*gradient, while the partly filled 5d6s6p hybrid yields 
3. t 'Csiiive one. 

IT-, pressure in;;.; cod :.Ys-.r.c'.: in the c rys ta l s t ruc tu re cf Cs,A-j^Clg, 
ar.i .Tioii-l proV'-.tlj of C:-..Au.-" gOl., i s ra thnr unusual . The Au-'V' 
. : : : t.Tr.j:-;:- it. tht- (Au^Cl')" and°thc (Au C! .") " rcmple-e:: cf *:.e 
coordir.auion i •:.lyhećr-.i Increase gra'iu;:.T.ly û~ to 52 Vbar-. ?.-', thp 
.'(.•r-reane of c ' :• Cc Au^Ol, and Cs.AuArCi , ar.; it.- incrr^.-f- : r. A\;] 
'.v.i tV. intrt.wri.iT; [jre:ltur».. are i:idicalivtj of a s* rcr.rtr.r.":; •:•<•; 
•.•...'< on i 7i f of o~ bend.-; due to decrease and incrr,--re of cvorl i;' 

Thff prersure induced do-crease of & *** car. be v,&ll intci'r-ro1 '.•;" j : ; r r 
:.. t;. r.cdeis rf jc.-cin^ for the (Au Cl_) cenpiex. Conci'i^ri':, t'r.e 
•f. r i p hybrid: c Jtiers the increase of Au-Cl distance:-; ca-.ir^.- n i^-crc-.TGC 
: - -p^ population and a decrease of the absolute value- cf th 
r.-., i t tve e l e c t r i c f ield g rad ien t . In the frare cf ^>i^?Cs r.;-\:-; d: sriti.-r-
' .-:: pfoiT-at :̂  r. t j the octahedral coord ir.aticr: 1 ?.>ad tc : t- fi 11 i - j - cf 

::ole i:. t'r.e cd 2 o r b i t a l and to a decrease cf the i ; - ; ' . : v : "•-"'-•• 
' •::?.use bot'-. models appear adequate, a tiif:: prf;^.;ure .'\*!r.ba'.i'".-
jA;..erin;ent v:i? carr ied or. Aul. 

n.o r.earest /•-•;-T diptances in Aul are expected to cocre^re v.-itr. 
incieasir.g c r t s su re , which i s consis tent with increase of 6" , yiel-dir.r 
= r. increase of Gp̂  population, i . e . , an increare cf the r.e^itivv 
c.- r.- ributic.r. to tKe t o t a l E?G. Experimentally, a decrea:;e of /^ war 
cbL-;rved. Thus, i t i s concluded tha t the posi t ive contr ibut ion 
dor.mates, "reviously, a negative sign was assur.ee for Ei-'G in the 
•:-.ivalent gold compounds / I S , 19/ based en 6c6p bondir.f. However, 
•-':.••. sigr. s'ae determined only for KAu(CX) / 2 0 / . I t ir. believed, tha t 
i". -ay be wel?. reversed in AuCl, AuBr, Aul and CsoAu0Clr due to 
:d:'r- ra ther tnar. >'~?p bonding. Ł 

T'-.e cci-ciusioM of a pos i t ive sign for A in these compound? i s net 
:-.r:r,£is-:er.t with the general £-A re l a t ion for Au+ corr.pour.ds / F i g . 5 / . 
" posi t ive & , with increasing magnitude in the sequence AuCl, AuBr, 



and Auł would y i e l c a ~or<r pr. : r r : <• ) a t : ~rr;r : ; i r f r - f * 
dec reas ing degree of i o r i c i t ; - . 

?or Au' the inc rease cf the Au-Cl d: rxancer. *i-.hir. xv ;."ane sr -u.'. •', 
wi th i n c r e a s i n g p r e s r u r e , decrease tr.e p o s i t i v e cor.tr ibucior. . r. 
i n c r e a s e cf 4. was observed unexpectedly ir. C-.-.uAgGl.f showier t r . i t 
i n i t i a l l y the SPG was n e g a t i v e . So f a r a ncpa t ive Er'C ir. An 
compounds has been p red ic ted only in tr.e case of AuF . 

In the v iev of the geometr ica l pneufceouivalency of the two A-c 
p o s i t i o n s in Cs?Au„Cl f a zero enerfy d i f f e rence between the f i l l e d 
Au* e l e c t r o n i c s t a t e and the empty Au' s t a t e car. be a r s u i e i . 'ss 
r e s u l t f a s t e l e c t r o d e exchange between Au arid Au' prrducir .r an 
apparen t average Au"~ a t a t e .Tight be expected . However, the /Rrstr .uer 
s p e c t r a show t h a t t h i s i s net the case up t c p r e p a r e cf '"8 kbar 
and t e i p e r a t u r e cf 45 K. Fas t e l e c t r o n hopping ir. t h i3 case i? 
pr imar i l y excluded because of the *cpr,lnj.y c.f Cs^Au-Dl, ,:true tu rę 
i "i which the coo rd ina t i on o c t a h e d r i share isr.-.erh and Xu' ar.c" Au"* 
o r b i t a l s dc- net over l ap d i r e c t l y / c f . F i g . ' / . 

b / I-hase t r a n s i t i o n in 2sAu IWI 

?;;r.ples cf C:=Au werf syrrhesi / .ed ;; c.-..*i:.. '.• •.-•:.-.;••- ' . - i ^ r ; ? 
:--.:r.o\iv.tc ^1' Cs ar.-i Au in a vacu\;r:-t:»;!.:. ' c " ; ::.••.•:• „..- . - : ; : ; r It? a" c :"" ''" . 
"v.c csriri^-j ( I i ) ani fib's were .roe Je... * :*::.• • •_• : : rr . i ' . r> .;; ;!•.;•. ,-:•. r :*v. 
v.r.ile a t r ; r i LJ^rplo C ^-) •'••=:•• ccc.t1.: "...T. _•.'.:• •?. :'«j. .".."•.rs. l ' \ - ' . ;• 
•"xa.~1r.3tic; rt;v:?cle5 ';:.a '. SOJT...'H {'. 1) cer.: i :: ci "a:... : :'e ać"1 ;'.;•"':•. 1 
::':.area thtr. car : l e s ( la) a;;: (I':-). ..1 . th:'•-• ".."!~: 1 •_•; x-rrt :•;.••• :r-<:r. 
vi*. , a t iny yel icw j j l i x ' . e r . - ' : ere.'. Ó.J;" tho y cr.?.r:rc-: t" •€-. ,(*• cz'-Cf.. 

Th? - 3 . ' i: :-:Ssrrbauer spec t r a o:* CfAu xere tsv-i-.-. o.' • :.-.:, " " , ", .-: : 
•1C k r a r . The s p e c t r a of cample I t , ccverec ••. it":, a •::: -.a I'. : c p : : 
f o i l , ar-;- r.no-*-n ir. ? i g . 4 . 

c{:^ v i a r ) = 0.? E .T . /S ) . I : . ic charrc c: 5 i? r : rr. if i=ćr t . I t i z ' 
r r e Ł t t r t;ir.r. ti.e d i f f e rence :". £ between I'.b.'-.u ar.i "r. 'u, bcth ccr.pcur.i.r 
being EO'tiotr .ductcrs, but : t ;." i i r .al ler t^sr. ::.-:- J: .Terence l5t»-cc-
.1.U ir. Li /zr,e'.s.\/ ar.d Cs îu /.:cr._ccr.duo*cr/. Tr.v;--, tV.t . r t a i r . ee ree-j l t^ 
supply nc hi : . t v.he ther the L ^ t ..Is t,ec r . if ' r .-rrrpsure ;r.ace i? s t i l l 
s e r i c e n d u c t o r or m e t a l . 

There a re s eve ra l pos s ib l e cont;ri r.uticr. to the- cr.ar.ro ir. O cf ' A;: 
a t hif-r. r r e c s u r e . J u s t a us-pc cula'-icr. of 5c -jhell vo-_lc lead zc ar. 
ir.creasre cf o . - h i s i s ir.ccr.s: s te j ; t with tne exper iment . Crn*ributicr . 
froT. p.cr.e popu la t ion of f.--; c r c i t a l s i s n t g i e r i t l e . Thuc, the c rpe rve i 
decrease of £ rcust be caused rrin.ri.rily by a d i r e c t de:>':tn;lAt:cr: ~:' ^ s . 

Probably the most s t r i k i n g evidence of the s t r u c t u r a l ar.i ohcr.tosl 
i ransfcr tnai ion of CsAu a t high pressure i s the pressure- induced & 
observed above £7 k b a r . Ine c r y s t a l s t r u c t u r e of the h i fh -press : ; r e 
phase i s not known. The observed & sugges t s , however, tha t i t c&r.r.ot 
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':••: due to the "aTl {B?2)-type structure /i3/ phase which requires 
cubic point symmetries fcr both atonic positions. A more likely 
structure for the high-pressure CsAu phase is a sinple distortion 
of the CsCl type along one of the four [i 1 il directions. 

The observed A indicates that the spherical 
symmetry of the 5d 6s shell of Au is no 
longer maintained. Ir. ionic Au compounds, 
gold is linearly coordinated due to 6s6p 
hybridization. Assuring the sane linear 

* _ • ., .. configuration, 6s6p hybridization can be also 
I ". ~ "*\ ';.' /*• assumed fcr Au". In other words, the fundamental 

'" ! indirecijenergy gap between the 6s valence band 
the conduction 6p bane at X point of the 
Brilloun zcr.e closes at high pressure. Such 
tendency is clearly visible fror: the result? 
of band-structure calculation in the series 
of CsAu, Rl.Au, and KAu /"M/. It should be nctcj 
that ccrcury, be inf. isoelectronic to Au rtron<:-
2y favors the linear cocrdiruitic;., also due to 
6s6p hybridization. 

i 

spectra 
covvreo 

VflOCITf M W 

KBssbauer t 
of CsAu 
v.-ith metallic 

ir, foil. 

From the spectra cf CSAJ v.r.ich was 
"by a foil cf mutcljic geld it war. ' 
to estimate the ratior of Vr.<* r?cc: 
fractions. Key:, .;••-./ t-. 'rz.rr :.t 
dependence of the Ie":- ••• - r.criturc 
metallic fold, it W Ł S i•: nuible ' • " 
the variation r.i' *..-,~ lebye tc-r.pcr.'.t 

:-free 

p 8 T ) of 
;lernirc 

precsure. It turned cut, that ^(C:-Au") = "'2 1 
c''i. and 19 K at 27 and 40 kbar, respectively. 

1 bar increarer: 

The observed strong and probably abrur-. increase ir. i-otye tezrerature, 
-.he ;.rresEure induced quadrupole spli t t ing, A , a 

8 p g , , r.c. the 
shift, 8 , are evidences fcr ; prec-rurc ir.iuce-
sti"acture and in chemical bcndir.c cf Au ir. CeA 

chcr-p; :r. 

.'•• :•'••.*. : ; v : l c - d T . p n t s 
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SELF-CORRELATION FUNCTIONS FOR IMPURITY DIFFUSION 
IN HEXAGONAL LATTICES 

K. Ruebonbauor and B. Sepioł 
Institute of Nuclear Physics, Cracow, Poland. 

XT one eon3idors monoatomic hep-like lattices containing 
a liilutc impurity in tho luttico sitos and diffusing within the 
encounter aodol £i] via tho lattice sites and due to tho monova-
cancy mechanism the situation beoomes much more complex as eor.< 
pared to the situation encountered in the corresponding cubic 
lattices [2]. Tho macroscopic symmetry ia no longer spherical 
but rather cylindrical and theref ,re coordinate shells [2, 3] 
have to be indexed by two independent indices. Even and odd 
layers have to be distinguished, too /see Fig- 1/- A five-frequ¬ 
ency model [.'4J has to bo generalized to a 16-frequoncy model, 
what leads to 13 normalized frequencies in contrast to the situ¬ 
ation encountered in tho fee-lattice /3 normalized frequencies/ 
and bec or sc-lattices /2 normalized frequencies/. A diagram [_Z] 
becomes thus quite complicated /seo Fig. 1/. 

A natural simplification occurs for two distinct cases, i.e. 
for a hep lattice /3 normalized frequencies/ or for a self-dif¬ 
fusion /1 normalized frequency uo/. The latter case has been 
studied more detaily and some relevant results are summarized 
in Figs. 2 and 3. 
A detailed report of this study is to be published elsewhere. 
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pletely isotropic diffusion coefficient. 
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GOLDANSKII-KARYAGIN EFFECT AND EXTERNAL i/.AGNETIC FELD I.IiTHOD 

AS TOOLS TO I.22ASURE ANISOTROPY OF THE RBCOILLESS FRACTION IN 

AMORPHOUS MATERIALS 

B.tliczko? £.Ruebenbauerx and B.Sepioix 

xInstitute of Nuclear Physics 
Cracow, Poland 

+Laboratory for Physico-chemical and Trace Analyses 
Dept. of Chemistry, Jagiellonian University 
Cracow, Poland 

Diffraction of X-rays or neutrons can not be used to obtain 

details about the atomic vibrational anisotropy in the case of 

amorphous materials due to the lack of well-defined Brag^ refle¬ 

ctions. .',;b\ssbauer spectroscopy can yield some mode], independent 

information in such cases, either via the Goldanskii-Karyagin 

effect /GK2/ or by applying a magnetic field, preferably along 

the beam axis. The latter method /EMFM/ can be applied to the 

preferably diamagnetic samples exhibiting an electric quadrupo-

le interaction /preferably sign:ficantly non-axial/ and the ma¬ 

gnetic field should be chosen 5n such a way as to produce signi¬ 

ficant off-diagonal elements in the hyperfine hamiltonian. The 

external magnetic field method /EI.IFu/ is capable of yielding 

:r.jch more information than the Goldanskii-Karyagin effect in 

;::OGt cases, provided sufficiently strong magnetic fields are a-

vailable. Both methods require high nuclear spins and relatively 

hich transition energies for general applications, but the ex¬ 

ternal raagnetic field method /EULi/ does not rely upon high ::.i-

xing ratios required in the application of the Goldanskii-Ka-

ryagin effect /GKE/. 

A detailed theory of both methods and some results of 5'..T'..l 



„i•ijul.-'-ion::- r.orforned for a 12^I /27.?7 keV/ :»isbi'.uer transi¬ 
tion have been published previously [ij. 

Here, we would like to present a snort summary of some re-
cer.t EMFM simulations performed for a 1^7I /57.60 keV/ I.iOsoba-
uor transition. The spectra have been calculated for the follo¬ 
wing set oi' parameters /for a detailed explanation of symbols 
see [i]/: 
Ie * 7/2, Ig = 5/2, Lo = 1J N = 259, M = 6; Bo = 107 /counts/, 
f sA = 0.1, t a 2.0, rs = Pa = 1.245 /mm/s/, p = 0, a^ = 0, 
Se/Sg = 0.6463, (Qe/Qg){[lg(2Ig-1)3/[le(2Ie-1)J} = -0.4265, 
3 0 = 0 , aQ = 3«05/i3 /mra/s/ for the ground state /equivalent to 
H' = 7.92 /T/ and H = 8 /T//, AQ = 1.2282 /r.z/s/ for the crour.d 
state /oquivnlent to the NĄR frequency of 1100 :.j-2/, «J .- 0.2, 
S = 0 /az/s/, OCQ = p o = J"o = 0 and variable A and 3. It haa 
been assumed, that: H x k = 0 and the grid 20 x 20 ovar the 
full sphere was used. The velocity span t:.vken into account ,vac 
i26.?675 /nn/s/. The spectrum calculated for A = H = 0 has been 
compared with the spectra calculated for A and B satisfying a 

1 1 
relationship g,,,, = 1, i.e. alon^ the track Z for ^.^ = 1 of f 
Fig. 4 of reference [i]. The resulting 7 is su;x..crised in 
Table 1 ar.d plotted versus Z in Fig. 1. It has to bo noted, 
that q,,^ = 4.^013 q^q and therefore a lo.ver rcaolovic.i or 
spectra is co.^per.jr.tod to r.o:.-c extent by the i:icro"j'.vi ircns 

1 2 " 
tion encr;-;v a.s ccupar^i iu tiie ''I Łif-ectrc:;ccv,v, 

Finally, w u woald ii>c to comment, that rhc :;oi:;....r? 'c. ̂:\ 
able to process spectra obtained ..ithin bovh :.';lhô is j.. .•.".•• d 
ly available fror. the ...Oi.:;LIB li L.rr.rv [i - 4^. 
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Table 1 

Results of simulations. 

A 

~8.6966 

-6.7328 

-4.7993 
,2.9402 

-1.2697 
0.0 

0.7303 

1.0599 
1.2007 

1.26?2 

1.3034 

B 

-10.0 

,8.0 

,6.0 

-4.0 

-2.0 

0.0 
2.0 
4.0 
6.0 
8.0 
10.0 

IS) 

1 
2 

3 . 
4 

5 
6 

7 
8 

9 
10 
11 

4.93 

4.43 
3.68 

2.52 

0.93 
0.00 

0.93 

2.53 

3.73 

4.52 

5.05 

Prof. T.Birchali, Dept. of Chemistry, ;.Jci..'aster University, 

Hamilton, Ontario, Canada is deeply appreciated for pressing 
129 

us strongly to perform 'I simulations, the latter being ne¬ 

cessary in planning future experiments. 
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MOSSBAUER STUDY OF FERROUS GLUCONATE 

D.S. Kulgawozuk, K. Ruebenbauer, B- Sepiol 
Institute of Nuclear Physios, -
Ćracow, Poland 

Ferrous gluconat* Fe/CgH..O-/- . 2H-0 was investigated by 
means of Fa /1*».^ keV/ - Mftssbauer apectroacopy and theraogra-
vimetry. Mossbauer study was performed lxi the temperature range 
77-^23 K. It has been found, that Fe + occupies two distinct 
Mdasbauer sites in the hydrated phase. One of these sites having 
larger isomer shift and quadrupole splitting disappears upon 
dehydration. This "water coordinated" site is five tines norę 
abundant then the other site in the fully hydrated phase. All 
the samples have been found to be contaminated by some amount of 
Fe . A significant oxidation occurs at the dehydration tempera¬ 
ture /about 378 K/ at least for the samples exposed to the air. 
No Goldanski-Karyagin effect has been detected In contrast to 
the previous olaim jj] . It has to be noted, that the crystal 
structure of the ferrous gluconate is unknown. 

A detailed report of this study is to be published elsewhere. 

Ms. J. Inasińska, Dept. .of Chemistry, Jagiellonian Univer¬ 
sity, Cracow, Poland is varmly thanked for performing theraogra-
vimetric measurements. Dr E. Wenda, Dept. of Chemistry, Jagiello¬ 
nian University, Cracow, Poland is acknowledged for preparation 
of one of the samples and for performing iodonetrio analyses. 
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DOUBLE ELECTROS EXCHANGE IB Fe, .„0 : A HoSBAUER STUDY 

A. Tattek-Janczyk", E. Sepiol*1, J.C. Grenier' and L. Fournes' 

" Department of Chemistry. Jagiellonian Universi*v, 30-0150 Cracow, Poland 

'• Institute of Nuclear Physics, 31-342 Cracow, Poland. 

1 Laboratoire de Chemie du Solide du CflRS, l/niversite de Bordeaux I, 351, 

cours de la Liberation, 33405 Talence Cedex, France. 

INTRODUCTIOH 

The lowest iron oxide, wvistite, exists as a stable phase nnly abov--

57O'"'C. Vustlte has a sodium chloride structure but at 'itmo-.pheric p r e ^ m * 

is always nonstolchloraetric, and can be represented by l;o, 0, where x 

varies between 0 05 and 0.15. The lack of Fe-1 ions results in e:u ̂ ten:<? of 

cation vacancies in octahedral sites, and in order to impose electrical 

neutrality Fe"• ions must be present. 

The occupation of interstitial Ctetrahedral) sites by some Fe " ions and 

the defect aggregation in wustites is now very well established- The 

presence of Fe-"* and Fe''* ions, both of them in various surroundings because 

of defect structure, results in extensive studies of hyperfine interaction; 

in wustites by means of MóBbauer spectroscopy. 

The MóBbauer effect studies were reviewed by Gohy et al. I 11 in general 

and bv Gavarri et al. [2] from the structural point of view. All the spectra 

of nonstoichion.-trio wustites recorded by different authors have a similar 

overall shape of an asymmetric doublet but they have been <naly2<=d in 

different ways. These different analyses have been relate! : ; different 

interpretations. Two problems should be pointed out when considering the 

literature data i.e. electron exchange between Fe-"* and F>.- " ions and poor 

agreement between the Fe " concentration deduced from the K>l2bauer data and 

the chemical analysis results. The localization of Fe : - ions and their 

behaviour in wustites was the aim of our sttiies. 
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EXFERIKBRTAL 

Five saaples of different composition <0.OStxtO.094) were prepared by 

heating the Mixture of appropriate amounts of metallic Iron and cc-FeaOa In 

evacuated silica tubes at about 930-950°C for 20 hours. The samples were 

quenched by rapid extraction froa the furnace. The stoichloaetry of wustltes 

was determined by theraogravlnetrlc oxidation to Fe=Os. The saaples of 

following composition were obtained: Feo.socO, Feo.vsoO, F O . W M O , Feo.«3^3 

and Feo.moO. 

The Xofibauer •easureaents were performed at rooa temperature using a 

conventional spectrometer. 1 "7Co (Cr) source was used and t-rays were 

detected by aeons of a Kr-f11led proportional counter. The velocity scale 

was calibrated thanks to spectra of a natural lsotoplc abuDdance a-Fe foil. 

Spectra were analyzed within the transaisslon Integral approximation using a 

CYBER computer and the aoat recent version of GXFPSS program 13). 

RESULTS A DISCUSSI01 

The HbBbauer spectra recorded at rooa teaperature are shown In FIGURE 1. 

They have similar shape froa, a well-resolved asymmetric doublet for the 

sample of the lowest stoichlometry (Feo.*oc0) to a weakly-iesolved doublet 

for the sample of the highest stolchioaetry <Feo.*u>0). 

Spectra were analyzed using the following aodel: two doublets were 

assigned to the iron Ions in octahedral sites and one singlet was assigned 

to the Fe3* ions In tetrahedral sites. The results of data fitting are 

sumaarlsed In TABLE 1. 

The dependences of quadrupole splitting & and of i somer shift S on the 

wustlte composition for both doublets are shown In FIGURE 2 and FIGURE 3 

respectively. 

It Is worth r.uticlng t.hat both the aaxina on plots of quadrupole 

splitting and the slope changes on plots of isoner shifts occur near the 

same composition of x - 0.08. In this region a transition seaiconductor-

' was recently found [41. 
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TABLE 1 MoBbauer resonance parameters for Fei-»O 

0 

0 

0 

0 

o 

1-x 

.906 

.920 

.929 

.938 

.950 

Doublet Ko 
A, i 

(nun/s) 

0.745 
±0.002 

0. 822 
±0.004 

0.811 
±0.004 

0.791 
±0. 004 

0.773 
±0.005 

0. 
±0. 

0. 
±0. 

0. 
±0. 

0. 
±0. 

0. 
±0. 

s, 

,902 
.009 
925 
009 

926 
009 

921 
009 

933 
009 

1 

A, 

<*> 

60.4 
±0.9 
43.5 
±1.4 
42.3 
±1.3 
41.8 
±1.3 
38.9 
±1.7 

Doublet no 
A , 

0.379 
±0. 004 
0.455 

±0.005 
0.424 

±0. 004 
0. 370 

±0.004 
0.359 

±0.004 

l/E) 

0.968 
±0. 009 
0.972 

±0.009 
0.983 

±0.009 
0.998 

±0.009 
1.023 

±0.009 

2 

A; 

(%) 

35. 
±0. 

52. 
±1. 

55. 
±1. 

57. 
±1. 

59. 
±1. 

3 
9 

0 
4 

6 
3 

8 
3 

9 
7 

Singlet 
So 

(nm/s) 

0.272 
±0.011 
0.270 
— -

0.23C 

0.200 

0.200 

A 3 

4 .3 
±0.2 

4 .5 
±0. 3 

2. 1 
±0.2 

0.4 
t o . 2 

1.2 
tO. 4 

A' 
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<•) Amount of Fe"" Ions according to thermograviinetric data 
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FIGURE 2 Dependence of quadru ale splitting A on the conposition of 
wustites for both doaLlets. 

FIGURE 3 Dependence of isamer shift 6 on the campcsi t ion ot v;ur,t) tea 
for both doublets. 

One can easily see from TABLE 1 that tne content of Fe • ions d._-,iuc.»<i 
from MoBbauer data is much lower than that expected from the 
therraagravimetric oxidation. Also the isomer shifts of both doublets are 
lower than that for Fe1* ions in octahedral sites. It means that Fe'* ions 
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oust contribute to both doublets. Under same assumptions the contributions 
of Fe3- ions to doublet Ho 1 (y) and to doublet Ho 2 Cz) were calculated 
fron the following relations; 

+ < A Ł -

The results of calculations are shown in FIGURE 4 where also the total 
oaount of Fe3~ ions fron the XoBbauer data In comparison to the 
theraograviaetrically deternlned Fe3' ions content is drawn. An agreenent 
between those two Methods of deterai nation of Fe3* ions content was quite 
good. 

The above presented results confirn the hypothesis that the defect 
structure la wustlte Is very complicated and that It changes depending on 
the stolchloaetry. Two doublets rasult probably froa two kinds of clusters, 
which ara norę or less stable in the range of pseudophase (see FIGUSE 4>. 

0.90 

FIGURE 4 Content of Fe3* ions deduced froa XoBbauer data and fron cheaical 
analysis. 
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THE KÓBBAUER STUDIES OF THE MODEL I ROB CATALYSTS FOR AKKOBiA SYSTHESIS 

A. Baransltl, E. Pyrczak and A. Patteli-Janczyk 

Department of Chemistry, Jagle llc-nian "r. ;--<ersity. 30-060 Cracovi. Poiacd, 

K. Ruebenbauer and B. Sepiol 

Institute of Huclaar Physics, 31-342 Cracow, Poland. 

Ammonia, one of the most important products and hal 1 -'. 1 nisbed products 

In the inorganic chemical industry Is obt'iiivid In tbf- i;af.:!yttc svr.thesl°, 

from nitrogen and hydrogen (In a detornir.ed CQI.1'11-jns o) tenperature and 

pressure). This synthesis is carried out c.i the ircr. ititalyst. Tht? iroti 

catalyst for ammonia synthesis is produced in two steps First. Iron oxides 

''magnetite ore) are fused with the unreducl'ole promc;t£r-a itfce appropriatp • 

oxides of mono-, di- or trivalent metals) at high temperatures. The obtained 

spinel-type structure is then reduced giving the active catalyst. In the 

active form of the catalyst the important role play such promoters as Al-»Cb, 

which improves the texture of the contact and K^O which is called the 

chemical promoter because it influences the catalytic activity. The quality 

of the active catalyst depends on the composition oi the catalyst in 

unreduced form as well as on reduction process. In unreduced torn the 

catalysts contain magnetite, wustlte and promoters. Because of the presence 

of iron in different phases In the catalyst, the JteBbauer spectroscopy is a 

good tool for a characterization of the catalysts [ 1-41. 

EXPERIKEHTAL 

Th> iavestigated samples were of the same type as the industrial iron 

catalysts for ammonia synthesis containing magnetite, wustite and promoters. 

Eljht model catalysts e.g. unpromoted, singly promoted (with alumina or 

potassium oxide) and doubly promoted (with alumina and potasslun oxide) each 
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cf them containing l&rge (about 30 wt S> or small (about 9 wt %> aacunt of 

wustite have been studied by KbBbauer spectroscope. The 'onposition of the 

saaples is given in TABLE 1. 

TABLE 1 Variation in Composition of Samples 

Sample 

y 
unpromoted 

A1V 
j„ promoted with 

promoted with KaO 

KaO 

Content of 
FeO C wtM 

traces 
32.68 

traces 
21. 15 

traces 
21.71 

9.09 
28.43 

UDntent of 
AlsOa fwttt 

0.36 
0.26 

3.90 
4.2S 

0.32 
0.27 

3.71 
3.06 

Content of 
KlO [ Wt%3 

_ 

-

-

-

0.67 
2.26 

1 49 
1.78 

Symbol V denotes a snail anaunt ox wustite 
bT'l V denotes & large amount of wustite 

The SóBbauer measurements were pertcrmsci at room tenperature using a 

conventional spectrometer. Spectra were analyzed within the transmission 

iLtegral approximation. A model of two sextets attributed to magnetite and 

of one doublet and one singlet attributed to wustite was used for calcu¬ 

lations. 

RESULTS & DISCUSSIOH 

Some examples of KbEbauer spectra of the model catalysts are shown ir. 

FIGURE 1. 

In view of the results of the analysis of all spectra the following 

conclusions may be drawn: 

* Isomer shifts of both sites in magnetite do not depend on the 

promoter content. 

* Addition of potassium oxide to the catalysts does not change the 

magnetic field in both sites of magnetite. 

» Addition of alumina to the catalysts decreases the magnitude of 

magnetic field in both sites of magnetite - approximately there is a linear 

correlation between the magnetic field and alumina content (see FIGURE 2) 

* The fioBbauer parameters of wustite phase do not depend on the 

presence of alumina and potassium oxide. 

162 



000 

981 

.96a 

.95,1 

. . » 

r 

-

n 1 
I 

I ii • 
n 

II 
A 

j 

r 

i 
- 8 . 9 - « . S 0 0 « • S 8 . 9 

V E L 0 C 1 1 T i M I ' S I 

- 8 . ' 7 - « . 4 C O < • « 

V E L O C ! TT i n t i / S i 

AIKV 

n—rr-

•' n. t 
; ; ' : 
M !* ,,i 'i 
i"i |.i 

I 

— T T — n ~ ~ 
n 

\M 
.• i 

i 

Vn 
!f H 
; i 
ii 
j 

(f 
i 

i 

-•f..-.i 

~\ 

i 
1 
] 

ł 

| 

! 

i! 
i • 

MKW 

J i 
- R . 9 - i . b C O » - 5 6 . 9 

V E I CC I 1 T : - M - S . 

FIGURE I Mbfibauer spectra of aodel catalysts recorded at room temperature 
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FIGURE 2 Dependence of aagnetic field on alumina content for A and b sites 
subspectra in aagnetite. 

In order to determine the percent content of wustlte and magnetite 

phases in the catalyst their stolchiometry must be first calculated. 

For wustite Fei-xO, parameter x was calculated according to the 

expression: 

S/D 
2 + 3 S/D 

where S and D are the KSBbaauer spectral areas of singlet and doublet 

respectively. 

For magnetite Fes-^Oj., paraneter z was calculated according to the 

expression C51: 

2 - B/A 
5 B/A + 6 

where A and B are the areas of the A site and B site subspectra 

respectively. 

If the stoichlonetry of both iron phases is known the percent content ai 

two iron oxides nay be calculated fron the equation: 

_ _ 
Z A. Si el 



where g* determines the weight concentration of a conponent k In a mixture 

of i components containing MoBbauer nuclei. The Ai are the areas of the 

different KSBbauer subspectra, Si arp the stolchiometric factors of the com¬ 

ponents and ei are the relative f-factors. The ratios of Debye-Valler fac¬ 

tors, el = fic/fi where determined in [31, and the sane values were used for 

calculations in the present paper. 

The knowledge of phase composition of the catalysts makes possible the 

calculations of Fez* and Fe3~ ions content deduced froa NdSbauer spectra and 

comparison of those values with the results of chemical analysis. Results of 

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

TABLE 2 Comparison of the iron and oxygen content deduced iron the 
KoBbauer spectra and obtained froa the chemical analysis 

Sample 

V 
A1V 
KA1V 

Content of total 
iron 

spectrum chemical 
analysis 

72.35 72.62 
68.83 69.75 
69.23 69.37 

Contest of 
Fe** 

spectrum 

35. 
31. 
34. 

77 
66 
97 

chemical 
analysis 

34.80 
32.98 
34.72 

Content of 
oxygen 

spectrun chemical 
analysis 

25.97 25.70 
25.31 24.48 
24.74 24.60 

In view of the above presented results one may see that the Ho8b. uer 

spectroscopy can be used, among the other techniques, as a tool for 

characterization of the phase composition of iron catalyst for ammonia 

synthesis. 
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PRESENTATION OF THE MOSSBAUER EFFECT SPECTROMETERS GENERATION 

DEVELOPED IN THE INSTITUTE OF RADIOELECTRONICS OF THE rfARSAW 

UNIVERSITY OF TECHNOLOGY, — / 

Marek PAWŁOWSKI, Adam PIĄTKOWSKI 

Warsaw U n i v e r s i t y of T e c h n o l o g y 
Institute of Radioelectronics 
Nuclear and Medical Electronics Division 
00-665 Warsaw, Nowowiejska 15/19, t e l . 21007345. 

SUMMARY 

The CAM AC based MBssbauer spectrometers systems generation is 
described. Principal technical characteristics, types of CAMAC 
modules and block diagram of the system is presented. 

The first MiJssbauer effect spectrometer system was develo¬ 
ped in Nuclear and Medical Electronics Division of the 
Institute of Radioelectronics In 1974. The origins of this 
spectrometer were strictly connected with the beginning of 
applications of the CAMAC system in Poland. 
The basic assumption was to build a multiaccesible Mfissbauer 
effect spectrometer system, based on CAMAC system, that wouli. 
be able to collect the spectra simultaneously from four 
detectors, placed on both sides of two electrodynamics vibra¬ 
tors. 
The first version of the spectrometer included two vibrators, 
four analog signal tracks, multiscaler adaptor module, waveform 
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 display unit worked usual oscilloscope with external 
X input. Oscilloscope was very helpful to adjust the proper 
parameters of the analog tracks /gain and shape of the pulses/ 
and than it was used as a display unit to observe the collected 
spectra. 
The first version of the Mossbauer effect spectrometer was 
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controlled by the very simple 8 bit, 8k byte RAH, type 
MERA 300 polish microcomputer with the help of the type 105 
crate controller module. Microcomputer collected the spectra 
in the real time mode. 
Elaborated software enabled: 

1. four spectra collecting, every in 512 or 256 channels, 
maximum number of pulses in every channel was 2 - 1, 

2. displaying of spectra, 
3. printing of spectra, 
4. every spectrum drawing on the line printer, 
5. adding, moving and reversing 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 MSssbauer effect spectrometers in the above configura¬ 
tion work successfully in Poland due to the reliabili ty of the 
CAMAC modules and MERA 300 microcomputers. 

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

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

2. to automize the data acquisition within the CAMAC system, 
to make possible off-line computer controll during the 
spectra collection, 

3. to enlarge the variety of computers controlling the spectro¬ 
meter system. 

In the first of above subjects were developed two new types of 
detectors eg.: 

- type WLP-2-gas flow, very fast-up to 10 pulses/sec, 
multiwire proportional counter, 

- type LEK-2-gas flow, conversion electrons detector. 

The description of the above detectors can be found in the 
paper / 1 / . To collect the spectra from WLP-2 counter, the fast 
analog amplifier nodule type 1101A and fast single channel 
•nalyser module type 1202 were designed. 
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Due to the i n t e r e s t of the MOssbauer spectrometer system use r s , 
the constant ve loc i ty generator module type 1406 was bui ld . 
In the second of above subjects- two CAMAC modules were 
designed: autonomous c ra te con t ro l l e r type 163, described in 
paper / 2 / and autonomous display d r iver module accompanied 
with d isplay unit presented in paper / 3 / . 
Any computer connected to the autonomous spectrometer system 
can be used to other tasks during the data acquis i t ion and data 
displaying. 
MOssbauer effect spectrometer system can be general ly controlled 
by computers from POP-11-compatible family eg . : SM-3, SM-^, 
SM-13OO and MERA-6O. Existing software operates under RSX-11 
and RT-11 operating systems and i s wr i t ten in FORTRAN. 
After designing the c ra te con t ro l l e r module type 111 the 
autonomous version of Mossbauer system effect spectrometer 
system could be also controlled by IBM PC compatible computers 
under MS-DOS operating system. 
Block diagram of the system i s presented on fog ,1 . 

LITERATURE: 

/ 1 / W.Cudny et a l l - "Detectors for Mossbauer effect spectro-
scopy designed at the I n s t i t u t e of Radioelectronics of the 
Warsaw University of Technology", t h i s proceedings. 

/ 2 / M.Pawłowski et a l l - "Autonomous cont ro l l of data 
aquis i t ion in Mossbauer effect spectrometer", t h i s 
proceedings. 

/ 3 / W.Cudny et a l l - "Data v i sua l i s a t i on system for autonomous 
MBssbauer effect spectrometer In CAMAC system", t h i s 
proceedings. 

E d i t o r ' s IJote: 
References / 1 / and / 3 / have been not received in due t i c c . 
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PRINCIPAL TECHNICAL CHARACTERISTICS; 

Modes of operation 

Velocity ranges 

Velocity nonlinearity 

Number of measurement traka 

Number of nultisealer channels 

Maximum frequency on the 
multisealer input 

Types of detectors: 

Proportional counter type PXXeBe 

- supply voltage 
- gas 
- FWHM 

Conversion electrons detector 
type LEX 2 

- supply voltage 
- gas mixture 
- type of detector 
- beryllium window diameter 

Multiwire proportional counter 
type WLP-2 
- supply voltage 
- type of detector 
- gas mixture 
- FWHM 
/i4,4keV, 500000 pulses/sec/ 

- window dimensions 

- maximum frequency 

constant veloci ty or cons¬ 
tant acceleration 
0 - 200 mm/sec for a»const 
0 - 100 mm/sec for v»const 
less than 0,1% 
up to A 
256 or 512 

0,5 x 10 pulses/sec 

1200V - 2000V 
xenon 
gamma energy 6,5 keV -\&% 

17,5 keV 13% 

approx. 1200V 
95*He+5%CH, 
gas flow counter 
35 mm 

1800V - 2500V 
gas flow counter 
P10 

l e s s than 12% 
input 0 50 mm 
output 80 x 50 mm 
iOGpulses/sec 
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THE SYSTEM INCLUDES: 

Type 

2010 
1904 

1101 
1101A 
1201 

1202 
1301A 

589/1 
689/1 
1406 

163 

106,109 

1005 A 
PXXeBe 
LEK 2 
WLP-2 
GM - 2 
L-1 

Module 

CAM AC c r a t e 
High v o l t a g e supply 

Spectrometer amplifier 
Fast spectrometer amplifier 
Single channel analyser 
Fast single channel analyser 

Linear integrator 
Drive system 
Waveform generator 
Constant velocity generator 

Autonomous crate controller 
Display driver 
Display unit 

,111 Crate controller 
Charge preamplifier 
Proportional counter 

Conversion electrons detector 

Multiwire proportional counter 
Electrodynamic vibrator 
ManiDulation table for vibrators. 

Quantity 

3 
U 

3 
1 

3 
1 

1 

2 /C/ 

1 /C/ 
1 /C/ 

1 /C/ 

1 /C/ 
1 

1 /C/ 
k 

3 
1 

1 

2 

detectors and samples 

The modules indicated by the letter /C/ should be placed 

in digital crate, together with the main crate controller. 
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AUTOHOHOUS CONTROL OF DATA ACQUISITION 

i n HOSSBAUBS EFFECT SPECTROHBTBB 

SUHHART. 

T h e CAHAC m o d u l e t y p e 163 i s d e s c r i b e d in—Ыл±а 
p a p e r . T h i s m o d u l e i s u s e d t o c o n t r o l d a t a a c q u s l t i o n 
p r o c e s s i n HOSSBAUER EFFECT SPECTROMETER i n f u l l a u t o n o m l c a l 
way . 

In t b e e a r l i e r v e r s i o n s o f HOSSBAUER EFFECT 
SPECTROHETER ( MES ) a l l d a t a p r o c e s s i n g , i n c l u d i n g d a t a 
a c q u s i t l o n , w e r e c o n t r o l l e d by t n e main m i c r o c o m p u t e r . In t b e 
1IES p r o r t u c e d b y POLON i t w a s S H - 4 ( PDP 11/40 ). T h i s 
p r o c e s s o r , d u r i n g d a t a a c q u s i t l o n , c o u l d n o t do a n y t h i n g 
e l s e . I t would be v e r y u s e f u l t o t r a n s f e r c o n t r o l o f d a t a 
a c q u i s i t i o n t o t h e o t h e r p r o c e s s o r , u s i n g t h e m a i n o n e f o r 
a n a l y s e o f d a t a c o l l e c t e d e a r l i e r . T h i s i s t h e o r i g i n of 
d e s i g n i n g a n AUTOHOHUOS CAHAC CONTROLLER f o r t h i s purpose . 

T h i s c o n t r o l l e r was d e s i g n e d i n NUCLEAR a HEDICAL 
ELECTROUICS DIVISIOH i n WARSAW UNIVERSITY Of TECHNOLOGY. T h e 
e a r l i e r v e r s i o n s of a p p a r a t u r e f o r HOSSBAUER SPECTROSCOPY 
w e r e c o n s t r u c t e d i n t h e s a m e p l a c e . 

T h e CAHAC t y p e 163 module i s a k i n d o f p r o c e s s o r , 
c o l l e c t i n g d a t a f r o m HES a n d s t o r e i n g i t i n a n e x t e r n a l 
m e m o r y ( CAHAC 2 0 3 m o d u l e 204в*24 b i t s RAH ). The b lock 
d i a g r a m of t h i s m o d u l e i s p r e s e n t e d on f i g u r e 1. T h e c e n t r a l 
c o n t r o l u n i t s e n d s s i g n a l s t o i n t e r n a l c o u n t e r s , i n t e r n a l 
CAHAC a d d r e s s g e n e r a t o r , CAHAC HAF g e n e r a t o r a n d t h e i n t e r n a l 
a d d e r . T h e CCU i s c o n t r o l l e d by t h e CAHAC HAF d e c o d e r , w h i c h 
с n t u r n o n a n d o f f d a t a a c q u s i t l o n p r o c e s s , a n d i s 
s y n c h r o n i s e d b y t h e s t a r t , s t o p a n d c h a n n e l a d v a n c e s i g n a l s 
f r o m module 669 ( t h e t r i a n g l e v o l t a g e g e n e r a t o r t o c o n t r o l 
v i b r a t o r s ). T h e CCU r e a l i s e s a m i c r o p r o g r a m w h i c h 
f l o w - d i a g r a m i s s h o w n o n f l g . 2 . 
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C A H A C C A T A V A Y l i n e s P , A , H , X , Q a n d ACB l i n e s 

! H.A.P f X,G ! 
y ! ! START 

. STOP 
! CAHAC HAF ! ! CHAHNEL ADVANCE 
• DECODER ! ! signals from 

module 

P,A ! E.RG.GI 
! for ACB 

! CAHAC HAP ! 
! GERERATOR ! 

! CEHTRAL COBTROL ! 
! UHIT ! 

RJ - R24 CAHAC lines 

Al -: IfiiTERHAL 

A2 ->! COUHTERS ! 
i i ^ 

B J - > ! ! 
I | 

B2 ->! ! 

! 24 BIT ! 
j i 

! ADDER ! 

HEHORY 

ADDRESS 

GEBERATOR 

VI - W24 CAHAC lines VI - VIZ CAHAC lines 

fig.I. 



! START ! 

! Start collecting data in areas A1,B1 

! CLEAR IHTERBAL ADDRESS HEGISTBR ! 

-> ! WAIT FOR CHAHHEL ADVAHCE SIGHAL ! 

! SET ADDRESS IB CAHAC HEHORY ! 

! READ DATA FROM CAHAC HBHOST ! 

! ADD DATA FROM IHTERHAL COUHTERS ! 

! WRITB DATA TO CAHAC HEHORY ! 

! CLEAR IHTERHAL COUHTERS ! 

! COUHT FOR BEXT CHAHHEL ! 

! IHCREHEBT IHTERHAL ADDRESS REGISTER ! 

HO 
STOP ? ! 

! TES 
• Start collecting data in areas A2.B2 
¥ 

! CHAHGE IHTERHAL ADDRESS REGISTER ! 

! START ? ! fig.2 
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Signal START sets the internal address register for 
data area in CAHAC memory consisting collected data for 
tracks Al and Bl. The input counters are initialized and 
started to count signals from detectors. The channel advance 
signal stopes one pair of counters and starts to send input 
signals to the second one. Hext, the CCU generates 3 ( 6 for 
colecting data in areas A and B ) CAHAC cycles. The first one 
is CAHAC function F(17)A(O) which set an address in CAHAC 
memory. The second one is F(O)A(O) - 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 
CAHAC memory by function F(16)A(O). This procedure is the 
same for the next channel advance signals. 
Receiving the stop signal CCU changes address register for 
data area A2 and B2. The procedure is then the same as i t was 
written above. 

The CAHAC module 163 has the following 
possibi l i t ies: 

l.Data collection In four areas called Al,A2,Bi,B2. 
2.Data are collected in 256 or 512 channels 

depending on module 689. 
3.Data collection In normal mode (multlscaler mode) 

or with " inversive summation " (Ai+A2),(B1+B2) 

List of CAHAC commands accepted by this block is as 
follows: 

1. F-26 A-t - collect data In areas Al and A2 
2. F-26 A-2 - collect data in areas Bl and B2 
3. F-26 A-0 - collect data in both areas 
4. F-24 A-i - stop data acqusitlon in areas A 
5. F-24 A-2 - stop data acqusition in areas B 
6. F-24 A-O - stop data acqusitlon in both areas 

The design of the autonomous controller for HES in 
CAHAC system was the simplest way to give the new 
possibilities of data analysis for all HOSSBAUER SPECTROHETER 
users. Data collection always needs a long time, so using the 
main processor to do i t Is a waste of its possibilities. 
Using CAHAC 163 module, the main processor serves only to 
start data acqusition, to stop it and to analyse collected 
data. This system connected with the autonomous dir.i<i,iy 
module ( which is described in the next paper ) gives a very 
useful, for physicists , spectrometer with a wide 
possibilities of data processing and analysing. 
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REMOTE MOSSDAirER DATA Tl! AN'SMISSJON' TO THE COMPLTHR 

SYSTEM ODRA-1305 /ICL-19OO/; IMPLEMENTATION OF TIC 

MOSSLTB LIDRA11Y UNDER TIIE GEORGE-3 SYSTEM 

P. Lomiow3ki x, B- Miczko + , K. Kuebonbauerx, B. Sopiol3 

Institute of Nuclear Physics, Cracow, Poland 

"^Laboratory for Physico-chemical and Trace Analyses 

Dopt. of Chonistry, Jagiellonian University, 

Cracow, Poland 

1• Introduction 

A remote IKJssbauer data transfer to ho powerful mainframo 

computer being1 operated on the around the clock basis still of — 

fors some adventages as compared to the data evaluation by ccains 

of aome local microcomputer of the PC family at loast as lone 

as the sophisticated software of the MOSSLIB class is required' 

C.13. On the other hand, multichannel analysers arc best suited 

for accumulation of the MflssTsauer data due to thoir flexible 

dwell tiir.es, well designed memory buffers and last but not lea art 

high quality and fast converters being indispensable in the bacik-

ground measurements. Unfortunately, many otheiwise high quality 

analysers liko our NTA-102'i do not have serial data outputs of 

the RS-232C standard and many mainframes like ODKA-1305 /ICL-190'O/ 

are poorely designed as far as the rcwoto communication is con¬ 

sidered. 

Here we describe a remote data link we have dosiencd and 

put in operation in our laboratory between t2ie XTA-102't analyser 

nrv". ODUA-1305 computer, a mainframe in the Institute of JJueloar 

I-nysica. 

2. Hardware 

A basic hard\rare configuration is sho^m in Fig. 1. The M«ss-

bauer spoctrometor has been purchased from POLON /except detcc-



tors/, while \TA-102'ł analyser, \-'.' recorder, ;vi,ter and compact 
cassette unit '-ith the cassette (.a; • .••reorder •• . . dolivcrod by 
EMG. A remote tormina! TVP-SjOSM equipped with tho keypad and 
inonitor has bcon purchased fron i;::"•>!.-• II. A --lot printer DZM-1 SO 
is a product of JODRA. A Computer Centre c.q'iv, .-' our mainframe 
/OnRA-1305, product of ELTOO/ with the MPXSCAN scanner being 
able to operate at the moment up to 16 rov.iote stations. The pro¬ 
tocols being able to operate IMP-85O2M toi-minal and a roraoto 
printer DZ?t-i8O have been purchased from "ItCOMP /producer of 
MF'XSCAN scanners/. A printer is operated n.t tho c.oncnt in the 
synchronoous node with tho synohroncous protocol /U vires roqu-
ired/, while IMP-85O2M can be operated either asynchroneously 
/it has to bo equipped with the special clock for this purpose/ 
or synchroneously. Vo have found the synchronoous mode nuch more 
reliable and at tho moment TMP-85O2M is operated t;ynch:-OT!.-oufily 
'also ') wires required/. It has to bo uotnrl, that in oidc- to 
operate a synchronoous mode, a clock h.ia to bo innti. U f ! in tlio 
appropriate MPA SCA:: chuunol. A ID7.M-18O printer has to bo cqui )>;:<>.1 
iiith tho soriiil/p;jran.el interface desi(;7ni?d for either syiifiiro-
np.ous or a synchronoous work. Such interfaces could be purclni-cM 
l'rcn MTCOMP and/or made by any electronic workshop. 'Die printer 
can bo also operated as a hard-copy of the terminal /alJ ncccs • 
oary connectors can be purchased from IMPOI^-II/, but this modo 
i;i vory inconvenient in printine FORTRAN' outjiuts. Sunnarizinc, 
at tho nioncrit our Coraputor Centre is able to operate up to 8 
stations similar to the one describod above provided thoy aro 
closer than 600 m from tho tnainfrarao sito. 

The main problen was to interface a compact cassette unit 
with tho terminal IMP-8502.M. The intorface N*o 2 has been ĉ ido 
by TMPOL-II on special request and extensively modified by us, 
vhile tho intorface Vo 1 has been, entirely made by us. The data 
arc transmitted in blocks havinc tho following fornat 12?(l6, 
: ), 16 using a terminal screen memory as a buffer. The file 

structure is a simulation of a punched tape input and could be 
read by FORTRAN programs operated under the GEORGn-3 system duo 
to the exceptionally leng internal record of the lCI^-1900 systems-
Transmitted files are stored in the mass-storage of tho system. 

A transmission of 102*1 channels t? characters/channel') takes 
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about 90 a. For a remote link to the mainframe we have applied 

existing phone lines /except for short non-existent previously 

parts/, however they wero rewired to make them non-connnutable. 

Mossb, 
spectr. 

start 
ch.adv. 

sea 

\ampi 

NTA-J024 
Printer 

X-Yrec. 

(8 track) tape punchy. 
~10m ASCIl(parallel) 

750 char./s 

Comp. 
Cassette. 

Unit 

IntertNoi 

lnterf.No2 

Terminal 
IMP-

-8502M 

1 
I 

~300m,2400b/sV-2j 

O 
2400 bis I 

V-24 

DZM-180 Print. 
(LOGABAX) 

MPXSCAN ODRA 

Pig. 1. Basic hardware configuration. 



3- Software 
A MOSS1-ID software [ij is being continously adopted to be 

operable under the GEORGE-3 system. Some modifications, especial¬ 
ly in string- variables vere essential due to the pcculiarites of 
cither operational system or FORTRAN' compiler. Soiao formats have 
to be modified due to the limitations in existing hardware. At 
the moment GMFP5S [i] is fully operable as well as ODUA-CALFTT-
an interactive and somewhat simplified version of CAI-FTT, similar 
in design to LCAI.F [i] . Free formats are extensively introduced 
for either batch or interactive processing- The main drawback is 
a complete absence of a graphic library and therefore MTLOT can 
not be transferred. At the moment data for plots can bo transfer¬ 
red to CYT3ER-72 only by moans of non-standard magnetic tapos. 
However, the staff of rur Computer Centre develops a direct link 
bctwoon the two systems by moans of a microcomputer. 

The basic flow of data within the implemented VOSSI.in Jibru-
ry is shown in Fig. 2. 
The execution time for OOHA-CAI.FIT is about ł50 s as conparod to 
20 s on CYBER-72. The turn-around time is usually lo3S than 10 
min. GMFP5S execution takes typically 1000 s /150 a on CYH"!-72.' 
and turn-around time should not exceed 3h in the worst case. 
It has to be noted, that GMFP5S requires about 2'|O kbytes of tho 
central menory [8 bits/byte^ , while 0DRA-CA7.FTT ia aiGnificantly 
rhorter. Tho total system operational ist-rnry is at present 758 
kbytes. We have found no need to 11 so a double precision do." pi ti¬ 
the fact, that ODRA operates on 's8 bit reals, vhilo CVnrv.-72 
!v.s 60 bit roals. It scens, that tho arithmetic of complex va¬ 
riables is much slower under the ICL FOrJTRAK as ccr.po.red to the 
CDC-FTX. 

A totalled list of the MOSSLT^ library content can bo ob-
t a in cd upon request as veil as copies of the protrrans. Xino vor-
•iiens of tlic fitting program, three versions of t)ic crvlibrating 
procran and two versions of the plotting projran are available 
.'it, present . 



Data 

Interactive 
Input/Output 

h 

11 

i 

mm 

1 ' 

I 

ĄCalibr. 

Data set 

\ t 
ODRA -CALFIT 

Folded d. 

Input 

1 

Output 

Fitting Program,e.g.GMFP5S 

i 

Output Plot 

- * 

> -

to Cyber 
-+• after 

processing 

2. Flow of data within the implementod MOSSI TTt llbiaiy. 
Data sot is used to store some frequently usod input 
parameters. ODRA-CALFIT is an interactive procran, 
i.e. it occupies a terminal link until the execution 
is terminated. Hcwevor, al] the questions to .tho ope¬ 
rator are bunched, it the beginning of execution. 
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THE ORDER IN ALLOYS STUDIED BY THE M0S3EAUER EFFECT 
J.E. FrącKOwiak 
Institute of Physics and Chemistry of Metal6, Silesian University, 
40-007 Katowice, Poland 

A3STRACT 
Sorno applications of the MOssbauer spectroscopy in investigations 
of iron-based alloys are presented. In particular we discuss: 
determination of order parameters and ordering process in Fe,Al 
alloys. 

1. Introduction 
The atcraic ordering in substitutional solid solutions of metals 

is an example of collective phenomena. The distribution of atoms 
in ordered A B. alloys is described by function Wł/liu) • w n i < - h 

gives fraction of A atoms in the k-th shell of an arbitrary A ato.v.. 
v.hile the classical methods of studying ordering are in principle 
capable of determining the average values x. , the MOssbauer effect 
based on the measurement of hyperfine interactions /hf/ is sensiti¬ 
ve to the w(x,) itself. In contrast, hf interactions at nucie s 
are determined mainly by i t s first / i / and second / j / neighbour 
atoms. It restricts the Kflssbauer spectroscopy to the study of the 
w(i,j) function. 

Many attempts is made to determine the order parameters of al¬ 
loys from HBssbauer spectra. In ferromagnetic alloys the influer.ee 
of ordering is first of all visible on the outer lines of the i-.Os-
sbauer spectrum. It is sometimes possible measure the w(i,j) for 
a limited set of ( i . j ) configurations Qi-3j • In the second step 
from these w(i , j \ values the order parameters can be calculated 
by using the computer simulation technique [[4J . 

MOssbauer spectra of ordered and disordered alloys often differ 
primarilly in the line width of the outer lines. The interpretation 
of the line broadening is consequence of the existence of a distri¬ 
bution of atomic environments for the iron atoms which forms a dis¬ 
tribution of hyperfine fields. In this case use of the correct for¬ 
mula for the w ( i , j | is important for determination of the order pa¬ 
rameters £5-7] . 
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In this paper we present some chosen applications of the 

.'•^Fjbaufr spectroscopy in the study of order in Fe-based alloys. 

in the section 2 we describe a method of determining the lon£-

ranre order parameter S franhyperfine fields distribution PfH) . 

In the section 3 the resul ts of HOssbauer measurements on ordered 

Fe,Al alloys are presented. 

2. Determination of the long-ranfre order parameter from hyperfine 

fields distribution PCH) . 

Following many works, mainly on iron alloys with dilute inpu-

r i t i e s , we can assume that in binary A B^_ alloys, where A atoms 

are Fe atoms, the isotropic and additive magnetic contributions 

of only the nearest and succesive neighbours are important. In 

this interpretat ion, the hyperfine field Ji. . i s a wll-Jefi.neu 

lu-mtity for a given atomic configuration. It was ol.o.vn £?3 that 

ta:sia£- on the procedure for constructing iwie w^i.ji fi>:ir•„< r>n f?Q , 

the :cean value H and variance D,, of hyperfino fu-h'.r, ,jj.-• t:-.i b:Jtio.-. 

T(:;) in alloys with LI, and L2 supers t ructure c \:i ),•-• written in 

the form of _ ~ 
H = Kd- K'S 

DH = Dd + A'S2 + B-S5 - Kh4 / I / 

where: 

nd i s the mean value of hyperfine magnetic field in the 

disordered alloy, 

Dj i s the variance of magnetic fields distr ibution in the 

disordered alloy, 

K = AH. (z,-3z o id) / O^c) for L1O structure, 

K = Ar^fz.-E^^jXAc) for L2 structure, 

Ari., and & Ĥ  are the changes of the hyperfine field at the 

central Fe atom due to nn and nnn iron atora:;, 

fcL=AK2/AH.j , c i s concentration of Fe atoms in the alloy, 

z1 and z2 are the numbers of nn and nnn ci tes respectively. 

The parameters A and £ are square functions of the parameter f ?1. 

.-.e have seen from / 1 / that the mean value of hyperfine fields 

distribution in ordered alloys is a l inear function of the parame¬ 

ter 3 . rhis l inear dependence has been observed in Wi-Fe and 

?eCo alloys [_?} . In Fig. 1 the relation between Ti and the value 



of S for Ni,Fe and FeCo alloys investigated in [7J is shovn. 

o 
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Fig. 1. The mean hyperfine field K as a function of the parame¬ 
ter S2 for Ni,Fe and FeCo alloys. 

The straight line calculated from f\/ satisfactorily described the 
experimental relation. 

The value of parameter S can be determined directly from /I/ 
if the values of parameters K or AH, and AHj are known. On 
the other hand, if A H. are unknown they can be determined by --he 
elimination of parameter S from /1/. 

In Fig. 2 the dependence of H and D,, for disordered and orde¬ 
red Fe-Co alloys as the function of Co concentration is shown. 

H(kOe] 

• DISORDER 
• ORDER 

- \ 

,at°/o 

40 50 60 70 80 40 50 60 70 80 

Fig. 2. H and D„ parameters vs cobalt concentration 
for Fe-Co alloys £9} . 

In the paper value of parameter i*V was calculated using 
relations / 1 / . For the cCo range /34-5O/at?u the obtained value 
equals 0.9 while for cCo /5O-75/at5ź i t is O.S. TheUteoretroal l i 
nes /dotted lines in Fig. 2/ well fitted experimental points. 
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. ;> i.i: - r i r i t j on o? order parameters of FeTAl a l l o y s . 

I-inarv Fe-AI a l loys in the range /22 .4 -25 .2 / at;« Al were 
invest igated with ujtr of Kflssbauer spectroscopy and X-ray dif¬ 
fract ion technique, The specimens; ...ere prepared by vacuum induc t -
.ion cel t i : : t ; u~ing e l e c t r o l y t i c Fs and Ai. A chemical ana lys i s 

fave 25.2, Si.'^ and 22.7 at% Al. Ihe ingots were f i l ed in to pow-
i«.T finer than -O; ia . The powder opeciraens were annealed in vacu-
-r.-. a: : : ? ; for ć b and Chen slowly cooled. In the second s tep the 
rowder wa;; crushed by an agate mortar. The p a r t i c l e s i z e ; were 
.'.•:•.-;s than .2 px. The Tiled and crushed specicens were used for 
•.;-_:» • ].'e ,-.:£ : va.. •• r -mi X-rav d i i f r a d i o n measurements. 

'. a ;c:;jJ.."tr..: .y'!': ••• ;r<"iwier epc-otroiMr-ter opci-a* ....'/• i: t)<: .or.t. ca:r> 
. "C"l i1:":'.1 :r :-•'•> v,-;.s u_--^i. Ihe KOssbauer r̂ C".: > ••.". ..•• .-e '.•'•&.cuter 

•.i;. : 1 3r-! V" •••. in-.L.t-Sv.^rcs f i t t i n g program as3ur:i.iri£ J.or>nt^ian 
".: .--i •:-'.-. 1:.- v ^ i u ^ c f ields d i s t r i b u t i o n P(.ii) wa^ also .ieterni nci 
•••• .u- :-:;•:•:•--Rtlbartsch method / 1 0 / . In th i s oaiculat i ' . r : the ! : ' : « / 
: - ia t - i " ' : t.vftwen hypcrfine f i e ld s H. . and Isomer s h i f t I-- ^a:7 c»r--

:'he ."Cssbauer spectra of ordered Pe-25.2 r ?.t.J> and 22.7 at,.. Al 
"dloyc 3L! well as corresponding ?(_H) d i s t r i b u t i o n s are shown in 

P(H) 

H [kOe] 
190 250 310 

-•LJ;. :•• ."Sssbauer spectra of ordered a/ Fen& aAl. and 
b / 

14 2z>.a 
^^ 6^22 4 alloys and corresponding ?(h) curves. 

1S6 



As we can see from Pig. 3. the peak distributions, eharacteris-
xic for H(3), H(7,6) ,K(5) , H(4) and H(3) iron enviroaents arc vi¬ 
sible. In this way, the corresponding fractions w(i) can be deter¬ 
mined as well as the average number N- of Fe atoms within thc-
i'irst shell. 

For comparison results of Mflssbauer and X-ray investigations 
we introduce according to [j ij an order parameter 

) 
wriere V.Q is I tie average number of Fe atoms within the nr. volume 
for randon distribution. '.'he li(jX)^J = 5.33 is the average nucbtr 
of ?e -itons in the f i rs t shell fcr ordered Fe^Al alloy. 
T:-P oi'jer paraneterG-&ca]culated from >:8scbauer 
para;:ii-*erH .-al-oulated from X-ray diffraction resul ts {j l j are col-
loo-. ' ! in Table I . 

Xabl- I . 

Crder Annealed sample Crushed 
parameter ? 5 ^ 2 4 > 3 2 2 > ? 

» Oi99 0.96 0.16 
0.90 0.60 0.15 

25 

0 . 
0 . 

.2 

35 
58 

0 
0 

. 6 0 

. 41 

22 

0 . 
0 . 

.7 

12 
05 

As we can see the order parameters &-MfOT annealed sanples are 
higher tłwen -Q-> parameters. This results suggest once more that 
the llttssbauer effect is sensitive to the order within domains 
while X-ray diffraction averages over the crystal. For the crushed 
alloys the plastic deformations create large numbers of antiphase 
boundaries across which increase tne number of Fe-Fe pairs. 
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THE FIFTHHI YEARS OF KDSSBAOBR SPECTROSCOPY Ił KATOVICB 
Tadeusz J.Panek 
Institute of Physics & Chemistry of Metals, Silesian University, 
40-007 Katowice, Bankowa 12 

1. INTRODUCTION 
The main purpose of this paper is a short presentation of re¬ 

sults cf Mossbauer effect applications to study the structure and 
properties of alloys. These applications were done in the Institu¬ 
te of Physics and Chemistry of Metals by a group of physicists (now 
o scientific workers are working in this area). The obtained re¬ 
sults are our small contribution to the celebration of 25 years of 
Mossbauer spectroscopy in Poland. 

In 1971 we started with constructing a spectrometer with con¬ 
stant acceleration of source <T.Panek, B.Jankowskl, J.Frackowiak). 
The electronic part of this spectrometer based on three electronic 
elements: tubes, semiconductors and integrated circuits Cl, 393. 
Next we bought two other spectrometers produced by Institute of 
Nuclear Research in Swierc and by POLOtf firm. In these spectrome¬ 
ters the svCo/Cr/ and Ba11s>Sn03 sources produced by I'SSR are held. 

The interest foci.<*ed on three subjects ; 
a/ Methodology of the Mflssbauer effect 
b/ Phase transformations in alloys, particularly the atomic order-

disorder transition and the precipitation process '„n the super¬ 
saturated solid solutions. 

c/ The application of the MOssbauer effect to the fast quantita¬ 
tive analysis of iron content in coal and other mining materi¬ 
als. 
It can be mentionod that in Katowice there are two other 

smaller groups which applied MOssbauer spectroscopy to study the 
magnetic materials CDrs E.Popiel, V. Zarek in Institute of Physics 
Silesian University) or to study medicines (Prof.T.Vilczok, Insti¬ 
tute of Pharmacy, Medical Academy Katowice). 

2a. CONTRIBUTIONS TO THE MOSSBAUER EFFECT METHODOLOGY 
In the Mossbauer effect spectroscopy (ME) the complex spectra 

as a result of the overlap of many near positioned individual 
lines are often observed. 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 C6, 7, 423, The final 
formula on the e Cy) Is given in the form of equations which are 
very convenient in numerical calculations: 

B 
e (y) S of Z (-l)p-' r J^Ck, ,<. .k̂ ,) 

p=l k,,..k^ • -

where y is gamma quantum energy in the excited level width units, 
f- emission recoiless fraction; a - constant; H - number of 
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Ap, is given by recursive relations 17, 42]. 
It is known that both the sample with the non-homogeneity of 

thickness and the dead-time of spectrometer influences on the de¬ 
termining of the Debye-Waller factor. For the low activity of the 
source the first reason plays an important role and to obtain the 
correct theoretical transmission spectrum it is necessary to take 
into consideration the electronic absorption coefficient <M-' a Qd 
the term proportional to the second derivative of the transmission 
integral <• <y> which should be added to e <y> 122, 27, 42] : 

e Cy) = e <f, y> * 

where <t>d=o-* is the dispersion of the grain size distribu¬ 
tion in sample and t'=<t> (1- ̂ jjd5 • 
This relation on e <y> Introduced to the analysis of ME spectra 
for pyrite the Debye temperature and the anisotrophy of the Fe 
atoms thermal vibrations allowed to obtain 123, 28, 42] Further¬ 
more the computer programs in FORTRAN IV were done for analysis 
of simple spectra by the least square fitting procedure of single 
loretzian shape Hues, dublets or Zeeman patterns to the measured 
spectra [2, 4, 393. The program for obtaining the magnetic hypar-
fine field distribution by Hesse-Rubartch method [13, 15, 163. 
The program for modelling the structure of ordered crystallite 
by the use of the Monte-Carlo method [8, 401. 

2b.c THE STUDY OF PHASE TRAKSFORMATIOSS IN ALLOYS 

The atomic pair interaction model gives the possibility of a 
unique theoretical description the atomic ordering or clustering 
In alloys. Assuming the near neighbours interaction in the binary 
AB alloy the configuration energy of system is equal E=^wNoF. 
N.O.E, is the number of AB atom pairs and w=25»F.-S«c-S«r. 
3 pairs interaction energy. 
But this experimental evidence is not enough to confirm this theo¬ 
ry. Therefore, we have investigated by means of 8"'Fe Mossbauer 
spectroscopy the binary and ternary alloys that show atomic or¬ 
dering (w>0> or clustering phenomenon <w<G). 
The method of obtaining the long-range order parameter <S> from 
the experimentally determined mean value of the magnetic hyperflne 
field and the variance DM of hyperfine field distribution P<H) 
was developed t2®, 333. This method was applied to the Investiga¬ 
tion of atomic ordering in Hi3Fe, Nl-Fe and Fe-Co alloys 13, 8, 
24, 29, 30, 32, 40]. Using the ""Sn NSssbauer spectroscopy the 
study of influence of ageing effects on the structure of CuZnSn 
shape memory ailoy was also performed [25, 34]. 
The Cu base Fe alloys were taken as good model alloys for study 
of atomic clustering (19, 311. The Influence of Sn and Be on Fe 
precipitation kinetics and the dispersive hardening of alloy 
were carefully analysed til, 12, 213. Also the precipitation was 
studied in more complicated materials as for example in steel 
[5, 13, 14, 16, 183. The correlation between isomer shift and 
a positron annihilation parameter S has been observed in Ni-Fe 
alloys 19, 41]. 
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One of the practical applications of the Kossbauer effect Involves 
the quantitative analysis of Iron In coal and some ores. The basic 
description of this method and proposal of analyser was reported 
In C17, 36, 37,38]. 
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