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lonswith intrinsic magnetic moments
Atoms/ions with unpaired electrons

Intra-atomic electron correlation
Hund's rule: maximum S
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m=gJ (rareearths)

Ni2+ m=g S (transition metals)
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What isa magnetic structure? (2)

Ordered state: Anti-ferromagnetic
Small fluctuations (spin waves) of the configuration
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Quasi-static configuration of magnetic moments
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Content:

» What's and why magnetic structures

« Formalism to describe magnetic structures

» Magnetic neutron scattering

» Magnetic structure determination:
Indexing: SuperCell
Symmetry Anaysis. Baslreps
Simulated Annealing: FullProf

» Examples: practica sessions
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What isa magnetic structure? (1)

Paramagnetic state:
Snapshot of magnetic moment configuration
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Typi i ion patterns of magnetic ordering setting up (G4.1)
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Formalism to describe
magnetic structures
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Examples of Fourier coefficients
for simple magnetic structures
Single propagation vector
k=(0,0,0) or k=12H

_ o . _ n(l)
m; =a S exd' 2p|kR,} —Skj('l)
{k}
REAL Fourier coefficients © magnetic moments
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Magnetic structures
Magnetic moment of each atom: Fourier series

m; = f"i}skj expf- 2p ikR)}
k

Necessary condition for real my; » S4<j = Skj*

R, =R, +r, =la+l,b+lc+xa+yb+zc
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The simplest case
Single propagation vector
k =(0,0,0)

my :{é:}-sq exp{-2pikR,} =S

» The magnetic structure may be described within the
crystallographic unit cell

* Magnetic symmetry similar to conventional crystallography
plustime reversal operator.
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k= (U2, 1/2) k= (0, 0)
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Fourier coefficients of sinusoidal structures
k interior of the Brillouin zone (pair k, -K)
Real S, or imaginary component in the same
direction asthereal one

m; =S; expi{- kR} +S,; expi{+kR}
S :ImiUi exor- Zn if i
m; =mu; cos P KR +f )}
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Sinusoidal magnetic structure
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k= (ke k)
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Fourier coefficients of helical structures
k interior of the Brillouin zone

Real component of § perpendicular to
theimaginary component

Sy :%[”LJUJ +i mjvj]EXp{- 2p if kj}

m, =mu; CO#ZJ (kR +f kj )} +myv; Sin{?b (kR +f lq)}
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Magnetic neutron scattering
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M agnetic scattering of neutrons

k,=2p/l u, % o % g% /‘
‘ w™ avwa ke=2p/l u
_—

Byl oy
wm an g Qke-k
Dipolar interaction (m,, m): vector scattering amplitude
1 i Q(mQ)u
a ==rgf(Q)im- ———=y
2 Q=501 (Q)m- ==
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M agnetic scattering of neutrons
Q (mQ)u

ay (Q) :%regf (Q)im- & %: pf(Q)m.
p=0.2696 1012 cm
f(Q)=¢y m(r)exp(iQr) dr
Only the perpendicular

‘component of m to Q=2ph
contributes to scattering
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M agnetic scattering:
Intensity (non-polarised neutrons)

I, =N, N, +M,, M,
Magnetic interaction vector:

noa s [n aly \, \ aali \ 1/ a oa/1 \\

U Scattering vector
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Magnetic structures
m; = éskj exp{- 2p ikR}
k

Themagnetic structurefactor:

M(H=pAQ £ (0T, &M, S, etk v, ]
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Themagnetic structurefactor:

M(h) :péiloj fj(h)Tjés S eXd2pi[(H+k){$}sr,- -Fy ]}

!

Mt =pA0 (1T, &C & S (i exdzniby, - F )
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Stensfor Magnetic Structuredetermination
from Neutron Powder Diffraction

Peak positions of Propagation vector || Integrated intensities
magnetic reflections | | Space Group
Cell parameters Atom positions Coefficients of the
atomic components

of basis functions
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y kis =F Kj +f
F kj is aphase factor which is not determined by symmetry.

kjs

f ksis a phase factor determined by symmetry.
Sis =M, Sy exp{— 2pif kjs}

ThematricesM ;. and phases f  .can be deduced from
the atomic basis functions.

Sis = é. Cu Shln (JS)
n
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Magnetic structure determination

LB =
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The Program SuperCell
(distributed within WinPLOTR)

Program: SuperCell (J.Rodriguez-Carvajal, LLB-December-1998)

« This program can be used to index superstructure reflections from
apowder diffraction pattern.

« The first approach consist insearching the best "magnetic unit cell”
compatible with a set of observed SUPERSTRUCTURE linesin the
powder diffraction pattern.

« If the first approach fails to give asuitable solution, the superstructure
may be incommensurate and a direct search for the propagation
vector and one of its harmonics have to be used.
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Basl reps provides the basis functions (normal modes) of
theirreduciblerepresentations
of the wave-vector group G,

Baslreps Program Mys = A Sy exp{- D IkR}
{k}
&nﬁme-arIr:::Nrﬂ‘-w-m ; Skjs — é C:I Sl[(ﬂn (JS)
Prapugstivn Visar g nl

5 _ _ n-
R Basis Functions (constant vectors): Sf“ (jS)
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Extracting Magnetic Intensities
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Direct space methods:
L ook directly for coefficients of the expansion:
o .
Sus =a Cn Sy (js)
n
or components of S, and phases, explaining the
experimental data

*Minimise areliability factor with respect to the
“configuration vector”

v =|C,G.C,C, GG

1.00 i

Phases (mod B)
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Behavior of parametersin
Simulated Annealing runs

LiMn 0O,

——Ph_mn2a1|
—8—Ph_Mn2a2]
—=—Ph_Mn2a3]

—a—Ph_Mn2a4
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R.(v)=ca |G _(h,)- G2 (h,.Vv)
obs calc
r=1
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