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Content
• Steady state absorption spectroscopy

Absorbance, purity, extinction coefficient ε, aggregation 

• Steady state fluorescence spectroscopy
Fluorescence, Investigation of FRET

• Time correlated single photon counting (TCSPC)
Lifetime of first excited state, Investigation of FRET

• Laser flash photolysis

Population and lifetime of triplet state 

• Singlet oxygen luminescence detection
Singlet oxygen quantum yield

• X-ray diffraction spectroscopy
Structure and size of samples

• X-ray photoelectron spectroscopy

elemental composition, chemical state and electronic state of the 
elements in a material
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Jabłoński Diagram
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Steady State Absorption

Absorption spectrumAbsorption spectrum shows the fraction of incident light absorbed by the 

material over a range of frequencies.
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ε = molar extinction coefficient, [ε] =M-1·cm-1

c = concentration, [c] = mol

σ = absorption cross section of one mol, [σ] = cm2

s = pathway, [s] = cm

n = number of mol

Lambert-Beer-Law
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picture by University of Bremen

I(s)= I0-IA

I = I0 ·10(-ε·c·s) or I = I0 ·e
(-σ·n·s)

OD



Determinaton of ε

I = I0 ·10(-ε·c·s)
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Origin of spectra in Pcs
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Q

B
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Also N, L and C bands at high 

energy in transparent 

solvents: chloroform, 

dichloromethane



eg split -hence Q band split
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H2Pc spectra – Not split in basic solvents (eg DMSO, 

pyridine)

DMSO

DMSO

13



H2Pc

H2Nc

H2Ac

N N

N

N
N

N

N

N

H

H

N N

N

N
N

N

N

N

H

H

N N

N

N
N

N

N

N

H

H

The Q band splitting of H2Pcs becomes smaller at 

longer wavelength. 

300 700 1000nm

14

Expansion of the π electron system
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15

Aggregation
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Proof of  non-aggregation: Beer’s law
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Proof of  non-aggregation: Beer’s law



Proof of aggregation: Effects of 

Surfactants

pH 7.4
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(e.g Cremophore EL )(e.g Cremophore EL )
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Steady State Fluorescence

Picture by Mizower

Fluorescence spectrumFluorescence spectrum is plot of fluorescence intensity vs. registration 

wavelength (frequency, energy) at one excitation wavelength.
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Steady State Fluorescence
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Fluorescence
1. Stokes Law: a maximum of fluorescence 

spectrum is red-shifted compared to a 

maximum of the corresponding absorption 

spectrum. (Reasons: Franck-Condon rule)  

2. Mirror  Image Rule: a fluorescence 

spectrum (plotted in energy scale)  strongly 

resembles the mirror image of the 

absorption spectrum. (Reason: the vibrational 

energy level spacing is similar for the ground 

and excited states)

3. Universal Relationship (betwenn Abs-Flu):

Wfl(ν) = C(T)⋅K(ν)Abs⋅exp(-hν/kT)

4. Kasha-Vavilov Rule: the fluorescence 

spectrum shows very little dependence on 

the wavelength of the excitation. (Reasons: 

the emission occurs exclusively from the lowest 

singlet excited electronic state)



Fluorescence

Low solvent polarity

∆E1

∆E0

E
n

e
rg

y

eq
S0

neq
S0

FC
S1 neq

S1

FC
S0

eq
S1

aν 0

flν t

flν ∞ν fl

High solvent polarity

( ) R

t

flflfl

t

fl e
τ

−
∞∞ ⋅ν−ν+ν=ν 0

Dependency of the spectral 

position of a fluorescence 

band on time

τR is solvent relaxation time



Quantum Yield

• yield of product relative to amount of photons 

absorbed

• sum off all quantum yields in a process is  
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absorbed photons ofnumber 

molecules formedproduct  ofnumber 
=Φ

Examples:

ΦR = Quantum yield of reaction

Φfl = Fluorescence quantum yield

ΦPh = Phosphorescence quantum yield

ΦISC = Intersystem crossing quantum yield

ΦIC = Internal conversion quantum yield

Φ∆ = Singlet oxygen quantum yield

1≤



Fluorescence Quantum Yield Φf

• absolute measurements: spectrometer with 

Integrating sphere (Ulbricht Sphere)

• comparative measurements: optical spectrometer

27

absorbed photons ofnumber 

photons cefluorescen ofnumber 
=Φ fl
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• Dipole-dipole resonance interaction between photoexcited donor 

molecule (D) and acceptor molecule (A) (in the most cases A is in the 

ground state);

Energy of dipole-dipole interaction between donor and acceptor molecules

( ) ( )( )
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Foerster Resonace Energy Tranfer



Rate of dipole-dipole EET
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• Overlap of the fluorescence spectrum of D

and the absorption spectrum of A;

• High extinction coefficient of A molecule;

• Short distance between D and A molecules;

• Right orientation of transition dipole 

moments (χχχχ2 ≠≠≠≠ 0)

• High fluorescence quantum yield of D. 

High probability of EET if:

Foerster Resonace Energy Tranfer
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Factors influencing FRET Efficiency

Good spectral overlap 

500 600 700 800

N
o

rm
a

li
ze

d
 I
n

te
n

s
it

y

Wavelength (nm)

Pc absQD ems

Pc flu

λλλελ ∂∫= 4)()( PcQDfJ

D
F

DA
F

ssEff
Φ

Φ
−= 1

66
0

6
0

rR

R
Eff

+
=

JnR
D
FΦ×= −42236

0 108.8 κ

Förster radius

FRET efficiency

iiii ταΣτ =D
F

DA
F

trEff
τ

τ
−= 1



34

TCSPC

• Determination of fluorescence lifetime

•• Time resolution: 60 ps up to 1 Time resolution: 60 ps up to 1 μμss

•• Measurements with low fluorescence quantum yield possible Measurements with low fluorescence quantum yield possible 

(<1%)(<1%)
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TCSPC Principle

⇒ repeat the dwell time measurement many times, 
“count how many photons arrived after what time”,
i.e. build a histogram

⇒ time axis is not continuous, but divided into “time bins”

⇒ Note: not more than one photon per laser pulse can be 
registered !

Photon emission 
is a stochastic 
process !

Photon 

1

laser 

pulse

Photon 

2

laser 

pulse

e.g. 2.4 ns e.g. 4.5 ns

laser 

pulse

no 

photon



TCSPC principle

• detection of single photons 
caused by a periodic light signal

• light intensity is so low that 
probability to dectect one 
photon in one period is very low

• thus periods with more than one 
photon are very rare

• the time difference between 
laser pulse and every detected 
photon will be measured

• with many pulses (millions) one 
gets a distribution of time 
differences which correspond to 
the fluorescence lifetime

• time resolution up 20ps with a 
MCP-PMT and 150 ps with a 
PMT
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TCSPC setup

Monochromator

Histogram 

electronic

PC
“Stop”

“Start”

Filter

Sample

(MCP)-PMT

Photo diode

Beam splitter

Laser



• PMT: pulses from photomultiplier

• SYNC: synchron pulses

• CFD: Constant-Fraction Discriminator

measures the exact time of detection

• TAC: Time-to-Amplitude Converter
condensator which loads up in the time between 

SYNC signal and PMT signal

• PGA: Programmable Gain Amplifier

amplifies the TAC- output voltage with 

tunable factor

• ADC: Analog-to-Digital-Converter

convert voltage to a number between 0 

(fastest photons) and e.g. 4096 (latest)

• MEM: Memory

has in our case 4096 counter, which will be 

increased by 1 if a photon is detected in the 

certain time period

TCSPC  schematic diagram 



Data Analysis

640 660 680 700 720 740 760 780 800

0.0

0.2

0.4

0.6

0.8

1.0

 

 
N

o
rm

. 
In

te
n
s
it
ä

t 

Wellenlänge [nm]

 Fluoreszenz



Data AnalysisData Analysis
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Decay Associated Fluorescence 

Spectroscopy (DAFS)
• Fluoresence lifetime of a homogenius species is independant from the 

detection wavelength

• Measurement of time resolved fluroescence at different detection
wavelengths

• Data analysis at different detection wavelength is given by the model

• Global fit over all data sets

Result: Fluorescence spectra of differents species  with 

different fluorescence lifetimes
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Example

M= H2 : H2Pc

M= Zn : ZnPc
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ZnPc-ZnPc

τfl = 0.76 ± 0.02  ns
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ZnPc-ZnPc

τfl = 0.76 ± 0.02  ns
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 882 nm

 860 nm
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