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MOSSBAUER Effect
Rudolf Mossbauer (Germany, 1958)
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Mossbauer, R.L., Zs. Phys. 1958. Bd. 151, H. 2, S. 124-143; Naturwiss enschaften. 1958. Bd. 45. H. 22. S. 538-539;
Zs. Naturforsch. 1959. Bd. 14a. H. 3. S. 211-216.
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The Misshauer Commnunily: Fortefive years &go Professor Pudolf L
Mossoauer publishad a paper in Z. fhys, that mitialized a new
research arza, imgacting many segments af the sdences. Research in
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Cover story: Gopal Shenoy: A  Leader
Gopal Shenoy Pushing the Frontiers of
Science

Ir. Gopal Shenoy, of Argonne National
Laboratory, has spent nearly  five
decades of his illustricous research
cargar promoting and pushing  the
frontiers of sdence. Dr Shenoy
{lovingly known as Gopal to the
international community and GK to his
fexllow students from Bombay
Univarsity) is a very active researcher
in the field of synchrotron radiation
and has authored/coauthored maore
MERD] Septamber than 200 publications in the area of
2007 Missbauver spectroscopy and
volume 30 Number 7 hyperfine  interactions in solids. At
{Subscribar dgwnh“d]nresent Gopal is the Senior Scientific
Advisor ab the Advanced Photon
Saurce and an Argonne Distinguished
Fellow, the highest rank awarded to a
scientist or engineer at Argonne
Mational Laboratory.
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Ootaber 14-19, 2007
Intarnational
Conference on tha
Applicationa of the
Mossbauer Effect
(ICAME 2007 )
Kanpur, India. Call
for abstracts. .

E. Murad, J. Caslvion,
MitssBauar

www.unca.edu/ medc
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MepBble nyonukauum

npuMMeHeHnst MéccbayapoOBCKOW CNEKTPOCKONUM
K MOYBEHHO-MUHEeparnbHbIM CUCTEMaM

NOYBOBEOEHHE

i972

KPATHHE COOBIHERHAI H METOIOHYECHKHE PABOTE!

YAOK

JI. O, KAPITAYEBCKHHA, 8. . BAGAHHH, T. C. FEHOREP,
A A. ONAAEHKO, P. H. K¥Y3bMH

: JHUATHOCTHKA JKEJE3HCTBIX MHHEPAJZIOB TTIOYB
I HPMQMOMMEQLEA&C&BQBJZKQPL QI_EK.‘IPOC_KOI'IHH

C npamMeHeHuem mécclaysponcKo® :nempocnonuu uayqenm eae3ncTre
MHHEPANE HEKOTOPBX THRos no«s Esponefickoft usctu CCCP (kpacHoaeMmbl,
CEeTJOKALITAHOBLEIE TMOUEL!, HepHOISML!, Cephle JecHLe H IepHOBO-NCAICIHCTHIS
fnouBb }. ¥ETaHOBALHE, YTO BTOPUYHIME MHWHEPAJL! JKede3a B HMX Ha 90% npen-
CTABASHE! FETHTOM € DA3MEpPOM uacThu =< 150 A,

Clays and Clay Minerals, Vol. 21, pp. 151160, Pergamon Press 1973, - Printed in Great Britain Clay Minerals (1969) 8, 151.

Clays and Clay Minerals. Vol. 28, No. 3, pp. 188196, 1980.

MOSSBAUER, THERMOMAGNETIC, AND X-RAY STUDY OF
CATION ORDERING AND HIGH-TEMPERATURE
DECOMPOSITION IN BIOTITE

V. I. BaciN, T. S. GENDLER
Institute of Geophysics, Academy of Sciences, Moscow, U.S.S.R.

L. G. DAINYAK
Geological Institute, Academy of Sciences, Moscow, U.S.S.R.

R. N. Kuz’MIN
Moscow State University, Moscow, U.S.S.R.

Abstract—Te explain the large values of the quadrupole splittings and line widths in the M&ssbauer spec-
trum of oxybiotite, a formalized analysis of the distribution of effective charges in the anion network was
d using an ideali moadel of the biotite octahedral Iayer Based on this analysis, a qualitative
physical model has been proposed, according to which the spectrum of a superposition
of six quadrupole doublets. The proposed model explains the appearance of residual magnetization well
below the biotite decomposition temperature. Annealing the biotite at 1070°K leads to the formation of
nuclei of the magnetic phase in chains of R3* and ‘This phase is the decomposition
product of biotite at 1370°K, i.e., a ferrispinel having Fe, ,MgAlL O, (x — 0.5-0.6) composition.
Key Words—Biotite, Ferrispinel, Missbauer spectra, Oxybiotite, Thermal decomposition, Thermomag-
netism.
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A MOSSBAUER STUDY OF THE ROLE

MOSSBAUER STUDIES OF SMALL PARTICLES OF
IRON OXIDES IN SOIL

N. H. Gancas*, A. SiMopouLos, A. KosTikas, N. J. YassoGLouf
and 8. FiLippaKIS

K. J. D. MAcKENZIE
Nuclear Research Center *Democritos”, Athens, Greece

Department of Ceramics with Refractories Technology,
University of Sheffield, St. Georges Sguare, Sheffield

(Received 8 June 1972)

Abstract— A soil of Attica (Greece) has been studied by Missbaver Spectroscopy and magnetization
measurements in order to asceriain 'he nature amt form of iron oXides prmm init. The room tempera-
ture spectra consist of a blet and a small iquid nitrogen tempera-
ture the magnetic component increases considerably at the cost of the pﬁmmngn:hc component.

(Received 4 February 1969)

OF IRON IMPURITIES IN THE HIGH
TEMPERATURE REACTIONS OF
KAOLINITE MINERALS

INTERNATICNAL LMD OF FLURE AND APPLED CHEMIETRY

ARALYTICAL CHEME TRY DEVISKDS
TS SN (i RATIGCHERMISTEY AafD RUCLEAR TECHRLES

CRITICAL REVIEW OF ANALYTICAL APPLICATIONS
OF MOSSBALER SPECTROSCOPY ILLUSTRATED BY
MINERALOGICAL AND GEOLOGICAL EXAMPLES

This behavior is typical of superparamagnetism exhibited by ultrafine magnetic particles. From the
values of hyperfine parameters extracted by computer fits of the spectra, the particles can be ui:nuﬁed
mainly as a-Fe.0,. The theory of in conjunction with Massbauer

tion data, is discussed in detail. Application of this theory to the data for the clay fraction of the soil
leads to the conclusion that the oxide particles have a size distribution with a mean particle diameter
of 131 Aand a width of 14 A.

ABSTRACT: Mossbauer spectroscopy was used to study the valence and bonding
changes of iron in (a) lattice sites, and (b) cation exchange sites during thermal treatment
of kaolinite and halloysite. Lattice iron which is initially in octahedral sites occurs in
octahedral and tetrahedral sites at the completion of the thermal reactions. At tempera-
tres below 650°C some divalent ions in cation exchange positions become trivalent
and assume octahedral co-ordination, which they retain until the later stages of mullite
formation. The implications of the work on the high temperature reaction mechanism
and structural sequence are discussed.

{IUPAC Technical Report)
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The different methods of iron phase
analysis In soil horizons

A — Magnetite ( marHeTur)

B — Fine-dyspersated ferric oxides
(MenkogucnepcHble OKCUAbI Xenesa)

C — Soil goethite

(NOYBEHHbLIN FrETUT)

(A, B, C — Mossbauer spectroscopy
MéccbayapoBCKasa CeKTPOCKONus)

D, E — Magnetic method
(MarHUTHbIN MeTOonA)

. = F —Chemical findings
S WP D (XMMMYECKMI aHanu3)

da30BbIN aHaNU3 coeAUHEeHUN XKerne3a B
NMOYBEHHbIX FOPU3OHTAX pa3MMYHbIMM MeTodaMm




Pabomesi no MC dns uccrniedoeaHus nnaHem e IKU PAH 6binu Had4amebl 6 1989 e. e
pamkax ripoekma «MAPC; 94/96» 6 Kkoornepayuu ¢ HECKOJTIbKUMU UHCMUMmMymamu.
MHcmumymom amomHou aHepauu (MAI), MUOU, ®usuko-aHepeemu4yeckum
uHcmumymom (P3N), bernopycckum aocydapcmeeHHbIM yHusepcumemom (bI'y). bbin
oripedereH obruk npubopa O ycmaHO8KU Ha Mapcoxode U U320moerieH e20
nlabopamopHbIl Makem, Ha4ama pa3pabomka crieyuasibHbIX paduoakmueHbIX
UCMOYHUKO8 KOCMUYECKO20 MPUMEHEHUSI.

B 1990, 1991 e2. Kk pabomam ripucoeduHusics TexHu4deckul yHusepcumem 8
Lapmwmaome (OPI), e komopom ripu y4acmuu UKW PAH 6bin co3daH nemHsbit obpasey
Mmeccbaysposckoeo criekmpomempa. OOHaKo CoKpalwieHuUe rpoapamMmbl npoekma
«MAPC;94/96» 3acmasuro uckampe Opyaue 803MOXXHOCMU MPUMEHEHUS 3mo2ao rnpubopa.

Meccbayapoeckut ciekmpomemp MUMOC |l 6b151 eKrnroueH 8 cocmae KoMrisiekca

«AmeHa» Ha mapcoxodax «Criupum» u «OnnopmbrOHUMU», cO8EPUIUBLIUX MOCAa0Ky Ha
Mapc e Hayane 2004 2., emecme c OpyeumMu Hay4HbIMU Mpubopamu — PEHM2eHO8CKUM
criekmpomempomM, naHopamHoU kamepou, MUKPOCKOMoM U Opyaumu rpubopamu. Kpome
moeo, aHarnoauy4HbIl npubop 6bin ycmaHoereH Ha rnocado4YHoM arnnapame EKA «buarib
2%, nocaoka Komopoeo 3asepuuusiacb Heydayed.
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MéccbayapoBckuu cnektpometp MIMOS Il [1]

* Weight (~ 400 g) Scheme of Sensor Head

Si-PiM-dicde
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r‘lﬂ MéSSBAUER EFFECT [1] G. Klingelhofer: Mineralogy onthe  Mars and Future Missions With MIMOS |l




[TpumeHeHne MNMOC Il B noneBkbIx ycnoBuax (3emns) [1]

Field test at Rio Tinto / Spain

T MOsSSBAUER EFF"ECT [1] G. Klingelhofer: Mineralogy on the Mars and Futu  re Missions WA




[TpumeHenne MMMOC |l B apxeonorum [1]
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Selected Applications of
MIMOS Il in Archaeology




MapcuaHckmne poboThbl
(m =174 kr; 800 000 000 %)

Mars Exploration

Sensor Head
Y placed on a sample

S MOSSBAUER EFFECT

.




Mars Exploration Rovers
MER-A (Spirit) and MER-B (Opportunity)

Launch of Spirit and Opportunity

- and MIMOS TI

at Kennedy Space Center, Flﬁl;idll, USA




1. Spirit — Guseyv crater (kpamep I'yceea)
14,57 r0. w. 175,48 8. O.

Rotten Rock at Columbia Hills / Spirit _Gusev Crater

e Elysium = °

. ; .
Meridiani Isidis

Trajectory of movement MER-A 5. MOSSBAUER EFFECT




2. Opportunity — Meridiani Planum
(MoniydeHHasi pasHuHa) 1,95 ro. w. 5,53 3. 0.

i 200 maters (178 mile)

! The Victoria Crater
Trajectory of movement MER-B ___The Victoria Crater

Endurance Crater
Opportunity Sol ~ 133




The first spectrum of inverse diverting

Méssbauer spectrum on Martian sall.
Mendiani Planum, Sel 11.
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G. Klingelhoder, af af. R V. Marris, &f &/

Seance 306, 1740 (2004); Secienc 308, 813 (X04)

The first spectrum of return dispersion
( Mapcoxoa «OnnOpPTLHOHUTU )

http://www. mtholyoke.edu/courses/mdyar/database/



[MpepnocCbISfIKK ANA CpaBHUTENbLHOro aHanu3a
noys 3emnu u rpyHToB Mapca ¢ nomouwbo MC

S 1. 3a 50 net nocne oTkpbiTUA achdekta MC oT NpobHbIX
MER- Statistics (10.0ctober 2008 (€OVHNYHBIX) UCCNEeA0BaHNIi PAa3NUYHBIX MOYBEHHO-
MUHEpanbHbIX 0OBEKTOB NpULLa K CUCTEMaTUYECKOMY

N3y4YeHuto byHaamMeHTarbHbIX BONPOCOB
NoYBOBEAEHMS.

Spirit, pportunity, Meridiani

Gusay-krater Planum 2. Hamu Ha npoTskeHnn AByX C NOMOBUHON AECSATKOB NeT

+ 1674 Sols (initial goal:

(1980-2005) 6bInn n3yyeHbl 06bEKTBI Pa3NNYHbIX
NOYBEHHO-ONOKNMMATUYECKNX NOACOB (MONSAPHbLIN,

* 1697 Sols (initial guaI: 90 3015) ©opeanbHbIn, TPOMUYECKUIA U T.4.) U PA3NTIMYHOIO
90 30|5) f ».11 lel tTE‘o'ﬂiOi reHesnca (nog3onucTble, NecHble, NennoBo-
W oy ; ByJIKaHUYeckmne, norpebeHHbIe NoyBsbl, rMyGOKOBOAHbIE
! k.m Vav%lad (initial gﬂﬂl 600 m) rnuHbl Tuxoro u Vinamniickoro okeaHos).

+ 161 sels of specira of rocks and soil tarqets 3. BbIno nony4yeHo n npoaHanusnposaHo Gonee 5000

I'DGKS and Eﬂli targets : (iﬂiﬂ&| gDEh 1 I‘ﬂGE. 1 s0il 3KCNepuMeHTarnbHbIX CMEKTPOB.

(initial goal: 1 rock, 1soil  target, 1 exira) )

target 1 Ethﬂ] t e 4. B MéccbayapoBCKOM 3KCnepuMeHTe Obinmn paspaboTaHbl

gel, + ~ 6 Half-ife periods of the NOAXOAbI CNELManbHO AN NOYBOBEAEHMS : 1)

» ~ B Half-life pEI‘iDdS of the Co-sources since the mMeToauka “marHuTHoro oborawenusa” (MMO) ans

Co-sources since the landing aHanusa nouYBeHHbIX 06pa3LIOB, B KOTOPbIX MarHETUT
landing , “He BuZeH” ¢ nomoLLbio MC; 2) meToamyeckue
OCOBEHHOCTN B MaTemaTyyeckot o6paboTke CrnekTpoB
AnNsi NOYBEHHBIX CUCTEM; 3)KOMIREKCHBIN NOAXOA B
nccnenoBaH "quel-f@NmT

T MOSSBAUER EFFECT || . sesaaliig %

G. Klingelhofer: Mineralogy on the Mars and Future Missions With MIMOS I




Booa Ha Mapce

HISTORY OF \:ﬁTEH OM MARS
RTEN

BOOA HA MAPCE

a
Endurance Crater 1.04.2005

KpaTtep BbiHOCNIMBOCTH (April Fools' joke)




pd), ven, en.

Gusey Crater [ “Columbia Hills”

‘e B
JeMIu M IPYHTOR
{a— ropusonTt Al
wikeTse thpa

2— TL‘p}-{SUHT Ci1




W e R T

g The comparing analysis of Earth- Mars System

p(H,), yen, en, p(H,), ycn. en,
0.04 a-FeOOH
0.03
0.02F |
0.01 | P

a-FeOOH £

Organic matter
Humus
e f Pl

Possibility of oxidation of
iron by dissobved 0,
ai by wafer mainky in

acidi medium f jﬂ K2

Puc. 3. CpasH uTebH b MECCOAVIPOBCK M AHANINS IPYH-

D.+4H +he=2HO Tos Mapca (%) M NO4YBEHHO-MUHEPATLHEIX CHCTEM 3eM-

pH M (C) No pe3yiLTATAM pPecTaspauuu QYVHKUMM pacnpe-

Fe'>Fet ¢ 2¢ AeleH M CBEPXTOHKOrO MArHUTHOro nosst p( H,) Ha sia-

pax - Fe:a. 6 — NpUpPOLHLIE MOYBLI PA3THYHOTO re HE3HCA

HelesH, M IPAHVIOMETPHY ECKOTO COCTABA, 8, 2 — MO ILHAA CH-
creMa pacTeop—muHepan; I'=240-250 K.

CpaBHuUTenbHbLIN aHanu3 3emnda - Mapc




w [Mpo6nema Ne 2: MoBblWeHHbIE MarHMTHbLIE CBOWCTBA BEPXHMNX
~ rOpU3OHTOB NOYB 3emMnu

Biogenic Physmgl Fire effect Technogenic Cosmic
Factor weathering pollution Factor
. TexHoOreHHoe
HeuncTtBue

y MHAYyCTpUanbHoe y
BuoreHHbIN dusnyeckoe [MoXapoB U OrHS Sarps3HeHMe KocMuueckum
cdakTop BbiBEeTPpUBaHUe P cdbakTop

Chemical
Weathering

Xumunuyeckoe
BbIBeTpMBaHVIe

¢aKTOpbl OTBETCTBEHHbIE 3a NOBbIWEeHHbIe MarHUTHbIE CBOUCTBA NO4YB 3eMnu
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TunNuyHble MéccbayspoBCKue . T

C n e KTp bl M CX OL" H bl X rl O L.I B o BAFAHHH B. &, HEAHOB A. B, KVTKHH H. A. _CE.zibMOB . "A.‘

H3yueHsl MaCrHHTHLIE CBOHCTBA, COCTAR CcOoenHHedHt Xejlesa H MophOTIO-
THA TACTHI, MATHHTHMYX MHOHEDAAOB H3 MAOUB M ATMOCHEPHEIX OCaAKOB. O6HA- -
PY¥EUD, UTO MOBLHUSHAHAN MACHATHAN BOCOPHEMYHBOCTE FYMYCOBHX - IFODH3OH- §
TOB MOGYB CBAAHA € NPHCYTCPREEM CHALHOMATHHTHEE cOEPHISCKHY WACTHIN,
pasMepoM OT AoJiefl B0 COTER M _60Jee MHKPOMeTpOoB. I3 cocTan JacTHIl BXOXHT
FeMaTHT, D'KCR’HEI'HETHT, LL-eneso H EI:IQOKO,DJICHEPCHHE FHIPOOKHCJLL MHKeme-
33 B CYNepNapiMArdHTHOM COCTOMHHE. [TocTynaAexHe cpepys B FMOUBY & .aATMO-
chepHEMn ocaakaMu cocTaBaser 1,6-107—6,1-10% T 8 roa Mo SAHHEIM Tpex-
nerunx mabmwoacHmii Ilenaaaa B nousy, cdepynul MOABSPralTCH BO3ASHCTRHEIG
TIpOIecCOB, XAPAKTEPHEIX AAA RaHHOH TMouBeHRG-rearpadpuueckofl soAH n Pop-’
MHAPYIOLIMY e MArAUTHHA IpodhHis. -




MéccbayapoBckue
CNEeKTpbI

MarHUTHbIX ppakunmn
M3 nouyB

1 — Dernovo-podsolic soll
(Yaroslavl region)

(JepHoBO-noa3onucTas,
ApocnaBckasa obnacTb)

2 — The moss cover on
surface of sandy career

(MOXOBOM NOKPOB Ha
NOBEPXHOCTH
necyaHoro Kapbepa )

3 — Chernozem ( Kursk)
(KYpPCKMW YEpPHO3EM)

4 — noyBa conoau
(AxaHblOeK)




TexHOoreHHble cdepuvyeckKkme YacTuubl

MéccbayapoBckue cnekTpbl
MarHMUTHbIX (ppakLun
TEXHONeHHOr o NPOUCXOXKAEeHUS

1 — snow (January 1985, January
2005)

cHer (AHBapb 1985, aHuBapb 2005)

2 — a car air cleaner
(BO3gYyXOOUYMCTUTENBb aBTOMOOUNSA)

3 — premises dust
(nbINb XMnoro nomeweHus, 2003 r)

4- a dust waste from welding works

(NbINeBble 0TXoAblI OT CBAPOYHbIX
pabor)

5 — ashes from thermal power station
(3ona Tennoanektpoctauumn TIL)




Mossbauer analysis of magnetic fraction (Earth)
MéccbayapoBCKU aHanNnM3 MarHUTHbIX ppakumm (3emns)
(npepBapuTesribHbIW aHanus3)

Geographical position

(Teorpachuyeckoe nonoxeHue) I(B)/ I(A)
AnoBum pyubs, p. UHaurupka (Akytus) O 699

Magnetic sand 1 | 973

(MarHuTHbIN Necok, r. NoTwn)

Kursk chernozem O 951
)

(Kypckun 4epHO3€M)

Fresh deposit 2,000

(CBexxuut HaHoc, p. Tebepaa)

(Topd MMKYNUHCKOro MexrneaHMKoBbs, rnybuHa 16 m) 1,136
]

Peat horizon of a modern riding bog (depth 0,6) O OOO
(TopdsiHOM rOPU3OHT COBPEMEHHOIO BEPXOBOro ’
6onorta, rnyouHa 0,6 m)

Ground adjournment of Pacific ocean (depth 5700) O 66 8
(JloHHble oTnoXxeHusa Tuxoro okeaHa, rnyouHa 5700 m) ’
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The Colloquium "50 Years After — the MOssbauer EfteEoday and in the Future”
(9-10 October 2008 at the Technische Universitat idtien)
G. Klingelhofer: «Mineralogy on the Mars and Futur#lissions With MIMOS I1»
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HOCAEROBAHNE COEJHHEHNRE ETEIA
B CHCTEME FeCl,—FeCl, - nHy0 — MOHTMOPHJTOHHKT.
K Sl-fermm 0TkpwTHa wpderta Mecchayapa

A A, ZALLTSEN, BN, BUZMIY, T, £ PUKHOP. STUDY OF THE IRON COMPOLNDS
N THE FeCly—FeCly - My — MONTMORILLONITE SYSTEM
T the 508h anniversary of duseowery of the Mocssbaver effect

oAt CKuE SOCHOapACATE sl MELNG secRmd YR e, apgheding Pk,
{50023, Apecanwin, Mockosersl npoceeam, 848, e-mall: ZoluskiiEimeilm
** chusweecand goapiemem MUY we A 8 Soucuocoad, codedpa dhumocy madpdane meng

FOPPRE Msemang, Sarodeetar aome

Muogshaver speciroscopy was dsed @0 Sledy hyperfine iatéractions in four System
{Fell;, FeCly - nH 0, solation and Fe-exchanged form of mineral) at varous homidities (Pify =
= 0, 0—1.00 and at the temperature range Y— 290K, The paramesers of Mossbauer spectra of iron
complexesatthe pH levels 1,5—2.5 were apalyzed and compared with ones for the mineral absorbed
iron ared ¢hamging in time sobution products. The guantitative estimations for the $ize distribution are
receivisd, The detsiled analysis of NGR-spectra evodution allow o hocaie exchange mon posilions in
ke layer silicales. These conclusions sbout localization of excharge iros prove 10 be true in expeni-
ments wath caltivasen of Acklithiobacillus ferrooxidans af presense of the clay miiperal
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