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Topics today :

· Group Meery : crystal fild splitting
selection rules

· Artificial alons & molecules :



basis fat : in group tables :-

linear + quadralis ,
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e) Crystal field splittirig :

al is the effect of lowering symmetry ?

Example :
O : proper volations of Is (h = 24)

Hint : calculate characters of irred reps . of
high-symmetry for actions allowed under
low synaneby and use orthogonality :

e . g .

D Mis ai = ...

12) = I a : 10wlow

(Tables wes...)
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Crystal fild splifting - sphorically
synure - cubic

compare characts of classes



Example:



2) Matrix elements & selection rules

-H invariant under all gt A , where G is grout
of Sa · Eq .

-D H belongs to A
,

for %n . You belonging to jelus
,
piesEmly"-
-
ne

(x)- [Y(H1 De S -
um

- When
y:
" IVIym") =o ?

V belongs to
r

VIya) belong to T *Mims
*

Trim Zanme

syn" (V/y)= 0 if(1) armm= 0

Most queal formulation of selection rules ?

②
Ti - E...

e

X(M *3) = Ya'Xs



10) Atom - like particles

Why-s?

controllable - coloent+ all the same

- qubils

-engineered quantum level material

response
- metology

Whersystems ?
- molecules

-artificial atoms (quantum dots
,
color centers

...)
S-manociants (e .y . superconducting qubits) I-> L cicuits

a) "Artificial aboms"
· Any quantum objict with similar properties as

alores :
· discrete enogy levels

· TGS cam be coupled by light
+ is constructed/engineered

Why ?-
Properties (frequencies , size , ... ) can be enquired
on deip

Basically fewo types
amede => discrete levels (quantum dots)
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~ confinement (e . g . OD "dot" of Gats in 3D

criplad of IGaAs :
- Gat --- conductio- S

-- --- land
" I

discrete 2-=

I
art, t /post-valueI band

InGaAs bands

How well do they like aboes ?

-homogeneity of levels - works
,
but no great

symetry : degeneracy & coupling depends on
syn .

- usually cannot distinguish between
polarizations
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Philip Kim - graphene quantum dots 



banters
Most

:
NV centers

famous Siv cembers Bui diamond
- Basically like atom/e into creptal symmetry

=D crystal defects that leave (typically
unpaired) 2/hole confined , with symm.

of lattice

Why "color centers" ?
-

discrete level structure =x "color"
-
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2) Brief nitroduction :
Molecules

- Basic principles

Why do endecules drit? Let : Hel
two charge centers

I

- ⑳

!
2

E= 8

i gre~

hal- 02-

-
R (distance)

#2 : wave function ?
approx : linear combination of atomic
-

orbitals (LCA0) :

trial ravefunction : 8 = c
, 0 ,

P.
↓:: atomic (H-like) wavefunchic

of alom /nucleus :
21

Variational ausutz : (Hortice · Fock")

=It win as functie
of R

= = 0
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Ie H - E I =0 where

Hij= <6 : (H10 : ) , s = (d
.
10) .Y

= E1 = = =-

A I E A
↓
--Exe -

W
- -

0 ....... o----

OR Wi

=D has bound states => no bound stakes !

CI
.

has O-denshy
region)

) e-density) beloen nuclei lowers enogy
2) total wavefunction more spread out Mean
single-atom wavefunction .

H2 :

(two er)-cf. He
For both e mig .

s
.

Esai= Iain= (IT1)-1d4)) unhomes state

of. Helium : split between his and 23 : ~0 .5eV

-D somewhat different enogy for A, then for
2 : Hat (similar to He vs2xH)
-> similar order of eaguilude of splitting
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al : How do enolecular orbitals look ?

E II molecula axis
I bound states only ; also of Graypic.)

"I
,

"

1) 8 + ⑤ ->
-

1

2) + -- IZ
P P

3) - ⑰ t ⑤ I
+
or

E 4

9) 8 + 8 - & hybrid



from Gray, “Chemical bonds”
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