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UvodUvod

Rezonantno rasprRezonantno rasprššenje enje γγ--zrazraččenja na enja na 
atomskim jezgramaatomskim jezgrama
Veoma precizna mjerenja na energetskoj Veoma precizna mjerenja na energetskoj 
skaliskali
Komplikacije Komplikacije ……
Primjena Primjena ……



Udarni presjek za raspršenje (apsorpciju) 
elektromagnetskog zračenja energije E na jezgri

Γ širina pobuđenog stanja
Γγ parcijalna širina za emisiju gama zračenja
Nuklearna stanja su “uska” ΔE=10-7eV
Er~MeV
Rezonantno ponašanje
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Energija odboja i uvjet za Energija odboja i uvjet za 
rezonantno ponarezonantno ponaššanjeanje
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PrimjerPrimjer

A=100A=100
EEγγ=66keV=66keV
R=0.02eVR=0.02eV
ΓΓ=10=10--77 eVeV

Treba spriječiti odboj
 

ako želimo rezonantno ponašanje!!!



Uloga Uloga DopplerovaDopplerova  efektaefekta

Impuls izvora PImpuls izvora P
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PokrataPokrata

ProProšširenje linije reda veliirenje linije reda veliččineine
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ProblemProblem

Pojava Pojava DopplerovaDopplerova
 

proprošširenja malo irenja malo 
povepoveććava vjerojatnost rezonantne ava vjerojatnost rezonantne 

apsorpcije ali bitno umanjuje rezonantni apsorpcije ali bitno umanjuje rezonantni 
efekt smanjujuefekt smanjujućći snai snažžno rezonantni vrhno rezonantni vrh
Za optimalno koriZa optimalno korišštenja rezonantnog tenja rezonantnog 

rasprrasprššenja trebalo bi istovremeno enja trebalo bi istovremeno 
eliminirati eliminirati odbojodboj

 
i smanjiti i smanjiti DopplerovDopplerov

 
efektefekt



Jezgra se nalazi u čvrstoj matrici (kristalu) koji 
je pothlađen

““RecoilRecoil--freefree””  emisija ili apsorpcijaemisija ili apsorpcija



Mössbauerov  spektar za 
identični izvor i apsorber



Jednostavni spektar -
 ovisnost relativnog gibanja izvora 



Shema eksperimentalnog uređajaShema eksperimentalnog uređaja
Štit oko 

detektora

Štit oko 
izvora

Apsorber

Rotirajući 
izvor

Detektor
S+FT+B Štit oko 

detektora

Detektor



Raspad 57Co to 57Fe za 14.4 keV
 

Mössbauerovu
 

gama zraku. Za izotop 57Fe 
širina linije iznosi 5x10-9eV. U usporedbi s Mössbauerovom

 
energijom gama 

zračenja od 14.4 keV
 

dobivamo rezoluciju u omjeru 1:1012



Eksperimentalni uređajEksperimentalni uređaj



Modulacija Modulacija --  UvjetiUvjeti

IzomerskiIzomerski pomak pomak 

KvadrupolnoKvadrupolno cijepanjecijepanje

Magnetsko cijepanjeMagnetsko cijepanje

Nuklearna stanja moraju Nuklearna stanja moraju 
imati razliimati različčite radijuseite radijuse
Elektronska stanja moraju Elektronska stanja moraju 
imati imati dobarodobaro prekrivanje prekrivanje 
s jezgrom (s jezgrom (ss--stanja)stanja)
Valne funkcije moraju biti Valne funkcije moraju biti 
osjetljive na vanjsku osjetljive na vanjsku 
(kemijsku) promjenu(kemijsku) promjenu
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IzomerniIzomerni  pomakpomak

TheThe isomerisomer shiftshift arisesarises duedue to to thethe nonnon--zero zero volumevolume of of thethe nucleusnucleus and and thethe
electronelectron chargecharge densitydensity duedue to sto s--electronselectrons withinwithin itit. . ThisThis leadsleads to a to a 
monopole (monopole (CoulombCoulomb) ) interactioninteraction, , alteringaltering thethe nuclearnuclear energyenergy levelslevels. . AnyAny
differencedifference in in thethe ss--electronelectron environmentenvironment betweenbetween thethe sourcesource and and absorberabsorber
thusthus producesproduces a a shiftshift in in thethe resonanceresonance energyenergy of of thethe transitiontransition. . ThisThis shiftsshifts
thethe wholewhole spectrumspectrum positivelypositively or or negativelynegatively dependingdepending uponupon thethe ss--electronelectron
densitydensity, and , and setssets thethe centroidcentroid of of thethe spectrumspectrum..
As As thethe shiftshift cannotcannot bebe measuredmeasured directlydirectly itit is is quotedquoted relativerelative to a to a knownknown
absorberabsorber. . ForFor exampleexample 5757Fe Fe MMöössbauerssbauer spectraspectra willwill oftenoften bebe quotedquoted relativerelative
to to alphaalpha--ironiron at at roomroom temperature.temperature.
TheThe isomerisomer shiftshift is is usefuluseful forfor determiningdetermining valencyvalency statesstates, , ligandligand bondingbonding
statesstates, , electronelectron shieldingshielding and and thethe electronelectron--drawingdrawing powerpower of of electronegativeelectronegative
groups. groups. ForFor exampleexample, , thethe electronelectron configurationsconfigurations forfor FeFe2+2+ and Feand Fe3+3+ are are 
(3d)6 and (3d)5 (3d)6 and (3d)5 respectivelyrespectively. . TheThe ferrousferrous ionsions havehave lessless ss--electronselectrons at at thethe
nucleusnucleus duedue to to thethe greatergreater screeningscreening of of thethe dd--electronselectrons. . ThusThus ferrousferrous ionsions
havehave largerlarger positivepositive isomerisomer shiftsshifts thanthan ferricferric ionsions..



IzomerniIzomerni  pomakpomak

Z- redni broj, 
e- naboj elektrona, 
R- efektivni radijus nukleona, 
c- brzina svjetlosti, 
Eγ- energija Mössbauerovog gama kvanta
ρ(0) gustoća (elektronska) stanja oko jezgre za izvor i 
apsorber
ΔR = Rpobuđeno – Rosnovno . 



KvadrupolnoKvadrupolno  cijepanjecijepanje

NucleiNuclei in in statesstates withwith an an angularangular momentummomentum quantumquantum numbernumber I>1/2 I>1/2 
havehave a a nonnon--sphericalspherical chargecharge distributiondistribution. . ThisThis producesproduces a a nuclearnuclear
quadrupolequadrupole moment. In moment. In thethe presencepresence of an of an asymmetricalasymmetrical electricelectric
fieldfield ((producedproduced byby an an asymmetricasymmetric electronicelectronic chargecharge distributiondistribution or or 
ligandligand arrangementarrangement) ) thisthis splitssplits thethe nuclearnuclear energyenergy levelslevels. . TheThe
chargecharge distributiondistribution is is characterisedcharacterised byby a a singlesingle quantityquantity calledcalled thethe
ElectricElectric FieldField GradientGradient (EFG).(EFG).
In In thethe casecase of an of an isotopeisotope withwith a I=3/2 a I=3/2 excitedexcited statestate, , suchsuch as as 5757Fe or Fe or 
119119Sn, Sn, thethe excitedexcited statestate is split into is split into twotwo substatessubstates mI=mI=±±1/2 and 1/2 and 
mI=mI=±±3/2. 3/2. 
TheThe magnitude of magnitude of splittingsplitting, , ΔΔ, is , is relatedrelated to to thethe nuclearnuclear quadrupolequadrupole
moment, Q, and moment, Q, and thethe principleprinciple componentcomponent of of thethe EFG, EFG, VVzzzz, , byby thethe
relationrelation ΔΔ==eQVeQVzzzz/2./2.



Shema Shema kvadrupolnogkvadrupolnog  cijepanjacijepanja



Magnetsko cijepanjeMagnetsko cijepanje

In In thethe presencepresence of a of a magneticmagnetic fieldfield thethe nuclearnuclear spinspin
moment moment experiencesexperiences a a dipolardipolar interactioninteraction withwith thethe
magneticmagnetic fieldfield ie ie ZeemanZeeman splittingsplitting. . ThereThere are are manymany
sourcessources of of magneticmagnetic fieldsfields thatthat cancan bebe experiencedexperienced byby
thethe nucleusnucleus. . 
ThisThis magneticmagnetic fieldfield splitssplits nuclearnuclear levelslevels withwith a a spinspin of of 
I into (2I+1) I into (2I+1) substatessubstates. . TransitionsTransitions betweenbetween thethe
excitedexcited statestate and and groundground statestate cancan onlyonly occuroccur wherewhere
mI mI changeschanges byby 0 or 1. 0 or 1. 
TheThe lineline positionspositions are are relatedrelated to to thethe splittingsplitting of of thethe
energyenergy levelslevels, but , but thethe lineline intensitiesintensities are are relatedrelated to to 
thethe angleangle betweenbetween thethe MMöössbauerssbauer gammagamma--rayray and and 
thethe nuclearnuclear spinspin moment. moment. 



Shema magnetskog cijepanjaShema magnetskog cijepanja



Primjena Primjena ––  istraistražživanje Marsaivanje Marsa

http://www.adobe.com/products/acrobat/readstep.html


Laboratorijsko opaLaboratorijsko opažžanje anje 
gravitacijskog pomakagravitacijskog pomaka

M=E/cM=E/c22–– ““masa fotonamasa fotona””
ΔΔE/E=E/E=mghmgh/mc/mc22 ==ghgh/c/c22



Literatura Literatura --  wwwwww

http://www.cmp.liv.ac.uk/techniques_mossbauer.php
http://www.webres.com/mossbauer.html
http://faculty.knox.edu/cschulz/M%C3%B6ssbauer/index.html
http://physics.berea.edu/~lahamer/Mossbauer.html
Http://www.mossp2000.com/effect/index.html#

http://www.cmp.liv.ac.uk/techniques_mossbauer.php
http://www.webres.com/mossbauer.html
http://faculty.knox.edu/cschulz/MA�ssbauer/index.html
http://physics.berea.edu/~lahamer/Mossbauer.html
http://www.mossp2000.com/effect/index.html


Literatura Literatura --  knjigeknjige
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Principles of Mössbauer Spectroscopy, T C Gibb, (Chapman and Hall: 
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Mössbauer Spectroscopy, N N Greenwood and T C Gibb, (Chapman and Hall: 
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Chemical Applications of Mössbauer Spectroscopy, V I Goldanskii and R H 
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Mössbauer Spectroscopy Applied to Inorganic Chemistry Vols. 1-3, G J Long, 
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G J Long and F Grandjean, eds., (Plenum: New York) 1993 


	Mössbouerov efekt
	Uvod
	Udarni presjek za raspršenje (apsorpciju) �elektromagnetskog zračenja energije E na jezgri
	Energija odboja i uvjet za rezonantno ponašanje
	Primjer
	Uloga Dopplerova efekta
	Problem
	“Recoil-free” emisija ili apsorpcija
	Mössbauerov spektar za identični izvor i apsorber
	Jednostavni spektar - �ovisnost relativnog gibanja izvora �
	Shema eksperimentalnog uređaja
	Slide Number 12
	Eksperimentalni uređaj
	Modulacija - Uvjeti
	Slide Number 15
	Slide Number 16
	Izomerni pomak
	Izomerni pomak
	Kvadrupolno cijepanje
	Shema kvadrupolnog cijepanja
	Magnetsko cijepanje
	Shema magnetskog cijepanja
	Primjena – istraživanje Marsa
	Laboratorijsko opažanje gravitacijskog pomaka
	Literatura - www
	Literatura - knjige

