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Spektroskopie
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Spektroskopie

Absorption, Emission von elektromagnetischer Strahlung
(Optisch, Infrarot, Raman, Magnetische Resonanz,
Photoelektronen), Dieelektrische Spektroskopie,
Akustische Spektroskopie

Quantenmechanischer Ansatz: (Eigen-)
Energien,Wellenfunktionen,

Ubergangsmomente

Born-Oppenheimer Niherung: Separation von Elektron-,
Kernbewegungen (Schwingungen)

Heisenbergsche Unschirfe-Relation
Kohirenz

Kontinuums Ansatz: Dielektrische Konstante, Absorption,
Brechungsindex, Reflexion, Polarisation

Spektrale-, zeitliche Auflosune, Empfindlichkeit,
Mikroskopie




Molecular Orbitals

Covalent bonds, lonic bonds, Hydrogen bonds
Linear Combination of Atomic Orbitals (LCAO)
Hybridisation

Important Atoms:

« H 4 5 , .2

e« C (2 ), 2 x(?/’/-} o
e N 2x(23), 3x(zp)
Lo x(22), 4x L)
S 2((30)/L/X(?/3)
* Metalls: Fe, Zn, Mg, Mn, ...
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Bild 11.3 Rezichung 2wischen den Orbitalen getrennter H-Atome, von Hop-Molekiilen und den Orbitalen
des verschmolzencn He-Atoms
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(a) sp*-Hybridwellenfunktionen : (b) p; WellenfunkLion

ADb. 5-20. Wellenfurktionen, die aus sp*-Hybridisierung resultierer. ’
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Energy Scheme: Jabonsky Diagram

LCAO
Hybridisation
2-Electron Levels.
Pauli Principle

HOMO — Lumo Orbitals (Highest occupied molecular orbital — lowest occupied
molecular orbitals)

Born-Oppenheimer Approximation

Vibrations:

— Bending

— Stretching

— Scetal modes
— Phonon modes
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Optical properties of organic molecules and crystals
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Zeitauflosung, Empfindlichkeit

Femtosekunden - Monate (22 GréBenordnungen)

Isolation

Stabilitat

Detektoren

,,BEffekt - Modulation
Kodierung
Markierung



Spektrale Auflosung

Heisenbergsche Unschirferelation
Homogene Verbreiterung durch dynamische Prozesse

Inhomogene Verbreiterung durch statische ,,Unordnung’
Ensemble- Zeitmittelung

Kohdirente Verfahren, Doppel-“Resonanz“verfahren

Spektralc Selektion Lochbrennen),
Einzelmclekiiltechniken
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FIG. 1. The absorption and laser-induced (at 5700 f&)
emission spectra of DMST in durene at 2 K.
(From H. de Vries and D.A. Wlé.hsma/ 'pkys- Rev. lett. 3_@1‘51, I‘H—é}'



0079l 00891 00ZLL (L WD)A
“ _ — _ _ _
0-0 _XTN..
j
_ \._
d%
5979 i (9
T I . _ R
) WJ T,
!
! :
4 | . i
| N
- Ir woe (
(D
0-0



04L&  wu 089S 0sS ovrS otS

(0]39

ACY
mUlc\ﬁ uz

T




12 34 13 24

& K

D
TEST R T |

A B

Austausch - Wechselwirkung

1 2 3 4 12 3 4
e
=

S S
AT B A Bf

" Coulomb - Wechselwirkung




p Moleklle
S1 i
£ / o
v Sy i
a0 wo LAY
- e ¢ Jap %)
n AEﬁ+ADn !
| Y
o
‘ AV ' ||
Anregungsenerglie fir Bandverschiebung durch die Bandstruktur und Davydov-
2ine Molekillanregung Ww mit den anderen Molekillen Aufspaltung )
am Molekidl n, im Kristall.
f _ £ f £f _ f f £ _ >
8E, = (<Ynlgn|?n> D, = m;ﬁ(?n$m|YmnI?nfh> Ei(k) 2dpp COS Kb
&, > —-)-._4‘
"<th§ann>)° - <fm?n|ymn|@mpn>). i2JAB[cosk\a+b)/2 + cosk(a b:
c ¢ : LTI LY = 40‘-“;*-'
-1 -1 . - - -
0.000 an -<AEn <30.000 cm ADn typisch ~ 1,000 an Davydov-Aufspaltung T1 typisch 10 an

1

—

# R T _ﬂ —
s1 =" 100 am



0-0

a)
(. 2K
m! “- 0\
2%
[}
|
! i 1 1 1 1
b}
150¢cm’
3004
2x
i 0-0
1 i i : 1 |
viem') 17200 16600 16400
ci 00

:]JJL_JL_

ole
bur nt

Cre .
1162
310 N
1554, b e e T

i

Fig. 1. Excitatio spect um of free-base porphin (H,PY2: T .
= 4.2 K: (a) in n-heptane (crystal) with broadband detection
of fluorescence; (b} in MTHF (glass) with broadband detec-
tion of fluorescence; (c) in MTHF (glass) with narrowband de- .
tection of fluorescence; (d) in MTHF (glass) with a photo- .
o chemical hole burnt { to the 0—0 transition and br.adband
detection of fluc resc:nce.
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Single Molecule Detection

Principles of Optical Spectroscopy of
Organic Molecules and Nanoparticles

*Single Molecule Detection Schemes
*Application to Molecules

«Application to Nanoparticles



Single Emitter

Single Emitter in a Crystal atiow T

* probes nano-environment
static & dynamic properties

* providies information on the members
of an ensemble

* may show up new physical effects

zero phonon line

- blinking

energy

- photobleaching in one step

10 MHz (103-10% em?
( ) - bunching/anti-bunching of photons

phonon wing

-

_T l | frequency

several 10 cm™?



Geordnetes Gitter

homogene Linie

Absorption

amorphes Gitte

inhomogene Linie

Absorption
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fluorescence int.
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Terrylene molecule undergoing quantum jumps to the triplet state

plus jumps to another (frequency) state
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—>Microwave

H/h

Densitymatrix 5 - Level System
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Fluorescence Intensity (counts/channel)

220

200 + ®
180 - | |
160 - 4
140 -
120 |
100 H
80
60
40 H l
20 -

0 5 10 15 20
Optical Frequency (GHz)

25

30



()1

Fluoreszenzintensitat (1000 counts/s)

70

917
18°¢

.

\_\}

B~ N

S 9

> L

~.7 r &

o e
> 2
C: c:

, . .

}_L

M._

O

—

o =

O

00¢




Correlation spectroscopy on molecules undergoing frequency
shifts

System: Pentacene in p-Terphenyl |
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Autocorrelation function of fluorescence intensity yields typical
correlation times:
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Dynamics of tluorescence intensity of single molecules

]- confocal images of single R6G molecules (scan 1.2 x 1.2 pm?)
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Nitrogen Vacancy Defect (N-V centre)

- induced by electron iradiation
(electron energy >300 keV)

- different charge states known

- well studied by PL, RAMAN,
ESR, ODMR

- high photostability

3E
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