

























































































ITiIiii E

Ballhausen Intro to ligand fieldtheory chap4
Cowan Theoryof atomic structure and spectra

Consider an ion inside a crystal Srt O

H Hp Varystal
1

frete non

He E Ém I 3 ti e

mic Ean Ie spin orbit mistime
etc

with spherical symmetry We know the solution

crystal external potential due to other

ions in the crystal Madelung potential

crystal field for ionic systems

a crystal 3 8.5 rare earths

b 38 v
trac.it emetat compounds
magnetism superconductivity




























































































We focus on the second case ignore SOC

In this case the symmetry adapted basis functions

are a better starting point than the atomic orbitals

in spherical harmonics

ignore the radial part

of the basis functions and consider Spherical
harmonics Yem.io

Yem It
pemasoyeimtlspsnodosi.de

YemYIm Seeismm

each 1 labels an irrep

OrYe.m Σ D CRImimYem Wigner D matrix

rotationaround by 2 then

drYemco.dz Yemcrtco.gg e imtYemcat

we've seen it beforeI

I e image
a

We cos
chebyshev polynomial

of the 2nd kind




























































































inversion i Yemiad Yem 0.0 2 f 1 Yem10.01

On m3m Ct 3 bodydiagonals 6

41m54
Ca connectingedgemidpoints 6

1 Cult 3 cÉ 6

2187 3

24 e it 48

Now consider 1,4 with the charactertable below

In On

1
a

dinyixieixicaxiixii.liic So ickyOdicist iCelzi on

a icn racn ocin sit odd ic reach rcÉ s

It




























































































dimcalty

xieixicixciixii.liSo Td S4 th

S orbital 1 1 1 1 1 S Ang
e 0 1 1 1 1 1

P 1 1 3 0 1 1 t P Tia
3 0 1 1 1

d 1 2 5 1 1 1 d EgtTag

Eg X 4 37p2

Ty xy.yt.az

i i i iiiiiti

pin.si Epimczs eDm mi

PanPz173z 1

z2jkP2b3241

q isd z Yt x iy
y Sindsed

de Y I x iyz z so

do Y 322 1




























































































Eg X y F dized z sino cos É d
32 1 d n cost

ty Xy Fild 2 d 21 Sin find0301
x2 Écd d it

yz É dtitd 1

et I I shinnicallywas
splitting

thesignand amplitude determined by the

physical details Eey Ety because of charge
distribution




























































































Formally we can expand Varystal onto spherical
harmonics

V I ImYemiFi RueCri

Yr Vo

1 0 part
octahedral part

It should has allmere of H transform at Asg
Vc I IF

The potential for a d electron

camil Oil dims u T.tn m
d 4

we can further ignore odd orders because

d electrons are even 11 71

Remaining terms are Yam and Yam

Ya Eg Try no Aig component
YyM Arg Eg Tif Try

find that do YI FI Yy Yet
axis dependent

check C E
c Yt Yt Ye α sintoetied




























































































One can then write out the matrix elements of Vo
in dm ignore prefactor Yaml Yi TI Y 46 Yam's

5

f
4

EEg 6dg
6
4

E Taf I 4dg
5

Note that the form of Ef Ty orbitals depend
on the quantization axis of choosing Cs as the

quantization axis Then

Es
do Ted

F d z Tsd

Ty add Tsd
Tsd a di

V 44 F Yi Yi

Velmm
4

É
a

ELES

ICTY
ÉE 4

The sign of 10Df is reversed















































































Now consider On Duh III II

On Ey 20220

Ty 314 4

Eg Aig g Tas Eft yz8 x y

at 3d

Ii

III



http://symmetry.jacobs-university.de/cgi-bin/group.cgi?group=904&option=4
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