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Synopsis

Mosshauer speciroscopy with *'Fe

Transmission (absorption) and Conversion Eleciron M3
Hyperfine interactions

Zeeman splitting and relative intensities of lines
Hypetfine field and short range order

{(Small paricies and transition to superparamagnetism)

Example. Nanoparicles of Fe.O. oxide

Mossbauer spectroscopy and magnetic properies
Collaborators: A LanEok, E. Pollerd, M, MaryEko

Mdssbauer spectra at varnous temperatures

LFCIFC magnetic maments, distnbution of blocking temperatunas
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Mossbauer spectroscopy with ¥Fe

Hagns’tic maternials camaiﬂi'ng Fe - "Wassbaver” isotope ¥Fe [natural abendance 2.19%)

Fadioactve source ST Co {electron capture with hall e 270 d) ﬂ e inexcitad =712 slate

¥Fain |=1/2 ground state (== emission 13632 keY ¥ <‘,:I:J

STFein |=3/2 excited state 488 emission 121 91 ke

B emission 14.41 Q v

Fe in I=1/2 ground state

Absorption process
SFein =202 excited state

’ absorption 1441 kel y

FEein =12 ground state-
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W N =32 aucitad siate

1 MW’ Canversion eleclmns K |
..o

emission 14 .41 keV « Emission 14 41 kev' ¥

l Auger elecrons KLL

S'Fain |=1/2 ground state Wray Ka

Table 1. Transition from excited to ground state of the “Fe nucleus

Energies and probabilities of processes during de-excitation

i

tvpe ErErgy [kev] prooabality
Y emmision = 14 .4 141+a 0.09
& cony K E,- B, 7.3 Uy ! 1+ 01 081
e conv L e 13.6 oy £ T 008
g cony M Eq— By 143 Gy L 1+ 0 .01
B Auger KLL By — 2B o4 57 e [ I(F Y b 1+ 027
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Hyperfine interactions
Restriction to

57Fe I \
nucieus electron sheil

voime chargs densily wave function inside the nucleus
electrostatic isomer {chamical) shift
guadrupols mament gradient o slectric fisld

guadrupocle splitting (shifty

= (effective) magnetic field inside

| - the nucleus (s-electrons)
magnetic
nuclear Zeeman efiect (splitting)
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Zeeman splitting and relative intensities of lines

If-the 3TFe nucleus is exposed to an effactive magnetic field B, its ground (lg = 12) and
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excited [l = 302} states
are split

Em='gm !JHE'mz

gy - Nuclaar Lands factor

iy = nuclear magneton

M, - magnetic guantum
number equalk-1, =1, -1

and 4 levels,

Jfm into 2

Transitions with 4m egual
to 0 and £1 only allowed

spectrum consists of 6 lines
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The relative intensilies depend on B

givan by the Clepsch-Gordan cosfiicients: ” g
e s .‘- ol
l,=l;=38(1+cos8) Cey g
! ‘_.H-"'.-'}.-_.I_.:J ]
L=le=12(1- cos’) ey,

lb=1,=1/8 (1+ cos?8 )
with the ratio of 2™ (5" and 3" (4'") lines

@gi? = (0 for parallel ; :
arientations

I?,S / |3;4 =4 sif8/(1+c0s°8 ) \ = 4 for perpendicular

l

= 2 for (homogeneously) random distribution of the local moments (fields)
fcimally comresponding toan efectvie angle of 54,72

Theratio |y ¢ {15y = 3independantiy of the anentation {addifonal constraint for fitting)
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Hyperfine field and short range order

Hyoerm ne fleld v elecronc magnetis momeant
clirectly indirectiy
densities of the spin-up and screening of s-siecirons by
Spir-down s-abectrons, o (r}£.0 chaleclions sensitve o Lhe
inthe volume of the nucleus, moments oF d-eleckrons

But generally B = f{electronic magnetic moment)
more complicated than B = K |,

B sensiive ta the type and number of nearest (nu.n.) and also next nearest (nonn.) nelghbours

change of 92 (r) causad by bonding - similar to the above Case
interactons with the neighbouring magnetic maments

B depends in a discrete way on the number of magnetic n.n.
Experimental speclrum may be decomposed to well-defined sexteis
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Small particles and transition to superparamaagnetism

Mbsshauar Specroscopy Diffraction hethods (X8, E, M)
Each ¥F e atorm with ghven SRO CoRerare wolume withs Iranslational symmetry
T sv'erage of B over 1 Ofs=10 Brogdening of diftaction line mor small particle sire

Sewtet collapses o dosbletrsinglet

M alaric rrodnents | paramagnetism
Spontanecus change of direction of
H particie morments | superparamagnetism

For superparamagnetism decisi2 kW
Anisotropy conssant K v5 Ky T (Bo@mann constants TEMRErANE]

and particle wolurme %

Hote different charactenstc time in Mdsshauer Spactroscapy

and
[ magnetic measuremts
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hMagnetic poly(glycidyl methacrylale)microspheres containing maghe mile prepared
by emulsion polymerization
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TEM pictures of PGMA microspheres with various concentrations of Fe, O,

08wt % of Fe,0y B.2 it % of Fe,0,
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intensdy (au)

Moessbauer spectra at room temperature and 120 K

/}i

welocity (mm/s)
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Parameters of the Mdssbauer spectra

RT 120 K
B.. IS0 r.oa. % B, 50 r.a. %
Sextet 1 40.3 0.38 14 4 47 .9 0.13 38.3
Sextet 2 44.0 0.10 41.8

Broad sextet | 239 0.28 76.0 26.4 0.34 16.7

Doublet 1 0.37 5.0 ~0.0
Doublet 2 0.18 4.6

mostly ordered

mastly superparamagretic maghe mile

phase? Fett |
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Changes of M&ssbauer spectra with rising temperature
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W agrietization [emulg]
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I ZFC and FC magnetizations of y-Fe O, particles I
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Blocking temperatures and their distribution

Even for 1 particle T;is rather an interval — betler: fime of relaﬁ:at[naiﬂ equilibrium

time of measurement

Meéel-Brown (Arhenius-type expression) 1 =7, exp{ AE JKT) with AE =K.V
non-interacting, uniaxial

System of paricles, way of averaging, change of AE by Interactions Q

increase ordecrease of T, 7
Jaol. Lu et al., JMBM 20902000537

claimed: distribution proportional to d (Mo =M-) AdT

g M.C. simulation for continuous distribution of particle sizes

maximum of M, -(T) shifted up
with increasing probe fleld ==

maximum of d{AMYAT shifted down
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Conclusions for the Iron-oxide particles

Phase composition ~ ==  nof clear from XRD nor r.t. Moss. specira

memmip-  RA8sshauver spectra at 120 K indicaled maghemite as main phase

and superparamagnelic state = (170 - 230 K) and 10-7s

| : . ] fMaxima depending on the magnetic
| From Elﬂﬂl'jﬂﬁ of ZFC/FC magnetizations — field intensity at (13 — 80 K}

| disiribution of blocking lemperaiures

Transition between ordered _ f From Mosshauer spectra |

| for DC magnetizations =5

Moral. YWhen speaking about superparamagnetic particles,
always state the relevant time window and temperature!
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