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CH4113
Molekulare Struktur 

und Statistische 
Mechanik
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CH4114
Reaktionstechnik 

und Kinetik
(VÜ 5,0 CPs)

CH4111
Anorganisch-
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Praktikum 3
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CH4112
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Praktikum
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Anorganische 

Festkörperchemie 
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metallchemie
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Reaktivität 
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Verbindungen
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Chemie
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(VÜ 4,0 CPs)
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Chemie (Teil 2)
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Chemie #
(VÜ 6,0 CPs)
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Methoden der 
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CH0103
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und Data-Science
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Ablauf

Stationenpraktikum mit 4+1 Versuchen in wählbarer Kombination
Voraussichtlich bis Ende November

CH4123 FA: Molekülspektroskopie, 3 CP

Themen

Grundlagen Verstehen von Vorgängen in Molekülen

Anwendungen Verwendung dieses Wissens für zeitgemäße Chemie
(Analytik, Katalyse, Synthese, Materialcharakterisierung)

Zusatzversuch Diffraktion

4
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Themen der Molekülspektroskopie - Grundlagen

A01 Photoelektrischer Effekt

Oberflächenspektroskopie von 
heterog. Katalysatoren (XPS, UPS)

A1 - Photoelectric Effect V1.1 - Tutor version

Figure 5: Experimental setup. The optical components installed on the optical benches are
(from left to right): halogen lamp, slit aperture, lens, diffraction grating, lense and
photocell. The corresponding circuit diagram can be found in fig. 7.

resistor (rheostat) is used as voltage divider (potentiometer) to stepwise increase the applied
retarding potential U , until the photo current just vanishes (U0). This allows for determining
Planck’s constant and the work function of the anode, WA, via equation 2. By reversing the
polarity of the external potential U , one can invert the whole setup and determine the work
function of the cathode, WC , as well (see experiment 3).

The following instructions indicate how to stepwise set up the experiment (check with the
help of figs. 5 and 7).

1. Connect the two optical benches and position them leaving sufficient space for changing
the angle.

2. With respect to the left end of the optical bench, place the halogen lamp at a distance
of 9 cm, the slit aperture at 34 cm and one of the 100mm lenses at 44 cm. Connect
the lamp to the 12V AC output of the power supply and turn it on.

3. Focus the light onto the slit aperture, using the lever on the side of the lamp housing,
and adjust the slit aperture width approximately to the entrance width of the photocell.

4. Maximize the light that passes the lens (adjust also the lens height) and take care that
the light follows a horizontal path (check light spot on the opposite wall).

5. Place the diffraction grating (600 lines/mm) onto the central joint that connects the
two benches. Orient the grid lines vertically by aligning the two 1st order diffraction
spots horizontally. Make sure to hold the grating at its frame and avoid touching it.

6. Mount the photocell at the end ot the second bench (roughly at position 58 cm) and
place a 100mm lense before it. Orient the two benches in line and make sure that

6

A02 UV/VIS Spektroskopie

Quantenmechanik angeregter ZuständeA2 - UV/Vis V1.2 - Tutor version

internuclear distance

en
er

gy
Figure 1: Schematic potential curves of the iodine molecule.

2.4 Transitions

A transition between the initial state �i
tot and the final state �f

tot has to be connected to a
change of either the electronic state  elec or the vibrational state  vib. In principle also a
change of the rotational state is possible. However as such transitions can not be observed
by the present experimental setup they are for now neglected. Further information can be
found in the lecture script. Within the dipole approximation the transition probability µfi

is given by
~µfi = h�f

total |e~r|�
i
totali = h f

elec 
f
vib |e~r| 

i
elec 

i
vibi (12)

e~r is the electric dipole operator. Since only the  elec is affected by the dipole operator,  elec
and  vib can be separated in equation 12.

~µfi = h f
elec |e~r| 

i
elecih 

f
vib| 

i
vibi (13)

The first part of eq. 13 is the so-called the electronic transition integral. It is independent
from the vibrational state of the molecule. As illustrated in figure 1, the X and B states of
molecular iodine are described by different potential curves described by different vibrational
frequencies and anharmonicity constants. The following convention is used in UV/VIS spec-
troscopy: Parameters of the ground state (e.g. ⌫̃0 and xe) are labeled by 00, whereas those
of the excited state are labeled by 0. During the course of this experiment only transitions
from the groundstate X (correlated wave function �i

tot) to the second excited state B (�f
tot)

are investigated, thus also the wave functions and vibrational quantum numbers will be la-
beled by 00 and 0 respectively. The second term of eq. 13 is the Franck-Cordon integral (FC
integral).
As the potentials of X and B states are strongly shifted,  0

vib is not orthogonal to  00
vib.

Consequently the FC integral is different from zero and multiple vibrational bands can be
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A04 ESR Spektroskopie I

Radikale in Lösung messen und 
charakterisieren

3 Theoretical background

Figure 6: ESR spectrum of the di-tert-butyl nitroxyl radical in ethanol at 292K and 142K,
indicating how limited mobility at lower temperatures can lead to inhomogeneous
line broadening [Gerson 2003].

3.7 Nitroxyls as spin probes and spin traps

The selective detection of unpaired spins with high sensitivity predestines ESR spectroscopy
for the investigation of complex chemical systems with the help of stable spin probes, resp.
spin traps:

Spin probes – Suitable probes with an unpaired electron spin are persistent neutral radi-
cals, generally nitroxyls with structures such as TEMPOL or its analogue TEMPO, shown
in fig. 7 5.

4-Hydroxy-2,2,6,6-
tetramethylpiperidinyloxyl

a) b)

Figure 7: The structures of TEMPOL, 4-hydroxy–2,2,6,6– tetramethylpiperidin–1-oxyl,
and TEMPO, (2,2,6,6–Tetramethylpiperidin–1-yl)oxyl.

5The particular appeal of TEMPOL is its cheap way of production, being synthesized from triacetone
amine, which is itself made via condensation of acetone and ammonia. TEMPOL is thus economically
viable on an industrial scale.
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A06 Fluoreszenzspektroskopie I

Leuchterscheinungen verstehen

A09 FT-Infrarotspektroskopie I

IR-Spektren kleiner gasförmiger
Moleküle verstehen

2 Introduction and theoretical background

• Connes advantage: The wavenumber accuracy of a FT-spectrum is directly coupled
to the positional determination of the moving interferometer mirror. Using a HeNe
laser, the mirror position can be determined to better than 0.000 005mm (about 1/100

of the laser wavelength), resulting in an extremely high wavenumber accuracy of FTIR
spectra, with values better than 0.01 cm�1, i.e. much better than that obtainable
with a conventional spectrometer. A consequence of this property is the ability to
perform direct comparisons of IR spectra in the computer. Minor spectral, and thus
possibly sample-specific, differences can be determined very precisely and compared
with digitally stored spectral libraries.

The implementation of all elements described up to here are shown in 4. In the figure you see
indicated a second light source, a HeNe-laser, that points into same interferometer. It emits
monochromatic light of much shorter wavelength (in the visible, 633 nm or 15 800 cm�1),
which generates a sinusoidal signal when the mirror M2 is moved and the separation between
successive maxima is equal to the wavelength. A detection of the laser interferogram, parallel
to the IR signal, allows therefore to precisely determine regular intervals of the path difference
between the two beams. Knowing the mirror velocity, the position can be converted into a
time, required to obtain a precise scaling of the x-axis of the interferogram. The point in the
interferogram corresponding to zero path difference is where the maximum signal occurs.

Figure 4: The Thermo FTIR spectrometer used in the experiment.

5

A11 Raman-Spektroskopie

komplementäre Technik zu IR
Sensoren, Mikroskopie
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Themen der Molekülspektroskopie - Anwendungen

A05 ESR Spektroskopie II

Messen kurzlebiger Radikal-
intermediate in Photoreaktionen

A08 Fluoreszenzspektroskopie III

Energietransfer zwischen Molekülen
verstehen

A10 FT-Infrarotspektroskopie II

Direktes Verfolgen von Reaktionen in 
Lösungen

A12 Photokatalyse

Licht als Energielieferant für Reaktionen
(nachhaltige Treibstoffe)

A03 CD-Spektroskopie

Messen chiraler Verbindungen, 
Bestimmen des EE

2 Introduction and theoretical background

Figure 2: Examples of axial chirality: BINOL (left) and allene (right).

In the case of planar chirality, the stereoisomerism results from the arrangement of
out-of-plane groups with respect to a chirality plane. In the case of cyclooctene, this plane
is defined by the double bond and the atoms attached to it (Fig. 3).

Figure 3: An example of planar chirality: Cyclooctene.

Helical chirality is found for extended molecular backbones that adopt a spiral structure
with a sense of rotation that can be left- or right-handed. An example is given in Fig 4. This
type of chirality can also be conformational. That is, for instance, a protein molecule with a
helical secondary structure can have a CD that changes with changes in the conformation.

Figure 4: Helical molecule in its left- and right-handed twisted structure.

Induced chirality is a highly interesting effect that manifests itself in the so-called
induced circular dichroism (ICD). This phenomenon occurs when achiral molecules or ions
associate with chirality-inducing molecules, leading to a CD signal within the absorption
bands of the achiral substance. It has been applied to establish the absolute configuration
of a transparent chiral molecule with the aid of an achiral, chromophoric molecule or to
determine the orientation of the respective molecules within a complex of chiral and achiral
molecule.

Two different situations can be distinguished: One in which the chiral molecule heavily
modifies the symmetry of the achiral molecule and makes it structurally chiral (configura-
tional induction), and another where no structural perturbation takes place but close contact
between the partners results in efficient coupling of electric transition moments. This in-
duction occurs e.g. in the formation of a chiral dye super-helix around the ↵-helix of a
polypeptide. Here, ICD can be tentatively explained by rather strong electrostatic effects,
hydrogen bonds, van der Waals interactions, a decrease of strain energy or simply by a
dominating chiral environment.

3

A07 Fluoreszenzspektroskopie II

Aufklärung der Tertiärstruktur von
(Bio)-Molekülen



G3 Diffraktion ab 02.12.2024, 1 NM2W
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Ablauf Molekülspektroskopie

Anmeldung bis Do, 26.09.2024 in TUMOnline
Beginn des Zugangs zu Moodle
Einschreibung in fixe Zweiergruppen vor Einführung

Einführung Mo, 30.09.2024, 14.15-16.00 (CH 26411)
sicherheitsrelevant, verpflichtend

Moodle
Anleitungen, Tests,
Gruppeneinteilung

Praktikumsserver
Dokumentation, 

Bewertung

Abschlusskolloquium evtl. 16.12.-20.12.2024, je 15 Min.

1. A-Versuch ab 07.10.2024, je 1 halber Tag
2. A-Versuch

4. A-Versuch bis 29.11.2024
3. A-Versuch

8W Labor 

Mi, Do   8.00-12.00 

oder 13.00-17.00

Termineinteilung
A-Versuche fix

G3 Diffraktion Moodle
Abschlusskolloquium Moodle
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Ablauf Molekülspektroskopie

Themen
A01 Photoelektrischer Effekt - Plancksches Wirkungsquantum und Austrittsarbeit
A02 UV/Vis-Spektroskopie - Vibrationsfeinstruktur Iodmolekül
A03 CD-Spektroskopie - Optische Detektion von Chiralität
A04 ESR-Spektroskopie I - Dynamik von Radikalen in Lösung
A05 ESR-Spektroskopie II - Photochemie mit Spin Traps
A06 Fluoreszenz-Spektroskopie I - Fundamentale Phänomene
A07 Fluoreszenz-Spektroskopie II - Quenching an Biomolekülen
A08 Fluoreszenz-Spektroskopie III - Energietransfer zwischen Molekülen
A09 FTIR-Spektroskopie I - Hochauflösende Gasphasenmessungen
A10 FTIR-Spektroskopie II - in situ ATR-Messungen mit Tauchsonde
A11 Raman-Spektroskopie - Lichtstreuung
A12 Photokatalyse - Katalytischer Abbau an TiO2-Nanopartikeln

Versuchsset
1: A01, A03, A08, A10
2: A02, A04, A06, A11
3: A02, A04, A06, A10
4: A01, A03, A08, A11 
5: A05, A07, A09, A12 (2x)

Gruppe Synth-Block Versuchsset Mi, 09.10. M Mi, 09.10. N Do, 10.10. M Do, 10.10. N Mi, 16.10. M Mi, 16.10. N Do, 17.10. M Do, 17.10. N Mi, 23.10. M Mi, 23.10. N Do, 24.10. M Do, 24.10. N Di, 30.10. N Mi, 30.10. N Do, 31.10. M Do, 31.10. N Mi, 06.11. M Mi, 06.11. N Do, 07.11. M Do, 07.11. N Mi, 13.11. M Mi, 13.11. N Do, 14.11. M Do, 14.11. N Mi, 20.11. M Mi, 20.11. N Do, 21.11. M Do, 21.11. N Mi, 27.11. M Mi, 27.11. N Do, 28.11. M Do, 28.11. N
Team 1 Team 1 Team 1 Team 1 Team 2 Team 2 Team 2 Team 2 Team 1 Team 1 Team 1 Team 1 Team 2 Team 2 Team 2 Team 2 Team 1 Team 1 Team 1 Team 1 Team 2 Team 2 Team 2 Team 2 Team 1 Team 1 Team 1 Team 1 Team 2 Team 2 Team 2 Team 2

1 Block 1 Set 1 A10 A01 A03 A08
2 Block 1 Set 2 A11 A02 A06 A04
3 Block 1 Set 3 A02 A10 A04 A06
4 Block 1 Set 4 A01 A11 A08 A03
5 Block 1 Set 5 A05 A07 A09 A12
6 Block 1 Set 5 A07 A05 A12 A09
7 Block 1 Set 1 A10 A01 A03 A08
8 Block 1 Set 2 A11 A02 A06 A04
9 Block 1 Set 3 A02 A10 A04 A06

10 Block 1 Set 4 A01 A11 A08 A03
11 Block 1 Set 5 A05 A07 A09 A12
12 Block 1 Set 5 A07 A05 A12 A09
13 Block 1 Set 1 A10 A01 A03 A08
14 Block 1 Set 2 A11 A02 A06 A04
15 Block 1 Set 3 A02 A10 A04 A06
16 Block 1 Set 4 A01 A11 A08 A03
17 Block 1 Set 5 A05 A07 A09 A12
18 Block 1 Set 5 A07 A05 A12 A09
19 Block 1 Set 1 A10 A01 A03 A08
20 Block 1 Set 2 A11 A02 A06 A04
21 Block 1 Set 3 A02 A10 A04 A06
22 Block 1 Set 4 A01 A11 A08 A03
23 Block 1 Set 5 A05 A07 A09 A12
24 Block 1 Set 5 A07 A05 A12 A09
25 Block 2 Set 1 A03 A08 A10 A01
26 Block 2 Set 2 A06 A04 A11 A02
27 Block 2 Set 3 A04 A06 A02 A10
28 Block 2 Set 4 A08 A03 A01 A11
29 Block 2 Set 5 A09 A12 A05 A07
30 Block 2 Set 5 A12 A09 A07 A05
31 Block 2 Set 1 A03 A08 A10 A01
32 Block 2 Set 2 A06 A04 A11 A02
33 Block 2 Set 3 A04 A06 A02 A10
34 Block 2 Set 4 A08 A03 A01 A11
35 Block 2 Set 5 A09 A12 A05 A07
36 Block 2 Set 5 A12 A09 A07 A05
37 Block 2 Set 1 A03 A08 A10 A01
38 Block 2 Set 2 A06 A04 A11 A02
39 Block 2 Set 3 A04 A06 A02 A10
40 Block 2 Set 4 A08 A03 A01 A11
41 Block 2 Set 5 A09 A12 A05 A07
42 Block 2 Set 5 A12 A09 A07 A05
43 Block 2 Set 1 A03 A08 A10 A01
44 Block 2 Set 2 A06 A04 A11 A02
45 Block 2 Set 3 A04 A06 A02 A10
46 Block 2 Set 4 A08 A03 A01 A11
47 Block 2 Set 5 A09 A12 A05 A07
48 Block 2 Set 5 A12 A09 A07 A05
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Ablauf Molekülspektroskopie
Gruppe Synth-Block Versuchsset Mi, 09.10. M Mi, 09.10. N Do, 10.10. M Do, 10.10. N Mi, 16.10. M Mi, 16.10. N Do, 17.10. M Do, 17.10. N Mi, 23.10. M Mi, 23.10. N Do, 24.10. M Do, 24.10. N Di, 30.10. N Mi, 30.10. N Do, 31.10. M Do, 31.10. N Mi, 06.11. M Mi, 06.11. N Do, 07.11. M Do, 07.11. N Mi, 13.11. M Mi, 13.11. N Do, 14.11. M Do, 14.11. N Mi, 20.11. M Mi, 20.11. N Do, 21.11. M Do, 21.11. N Mi, 27.11. M Mi, 27.11. N Do, 28.11. M Do, 28.11. N

Team 1 Team 1 Team 1 Team 1 Team 2 Team 2 Team 2 Team 2 Team 1 Team 1 Team 1 Team 1 Team 2 Team 2 Team 2 Team 2 Team 1 Team 1 Team 1 Team 1 Team 2 Team 2 Team 2 Team 2 Team 1 Team 1 Team 1 Team 1 Team 2 Team 2 Team 2 Team 2
1 Block 1 Set 1 A10 A01 A03 A08
2 Block 1 Set 2 A11 A02 A06 A04
3 Block 1 Set 3 A02 A10 A04 A06
4 Block 1 Set 4 A01 A11 A08 A03
5 Block 1 Set 5 A05 A07 A09 A12
6 Block 1 Set 5 A07 A05 A12 A09
7 Block 1 Set 1 A10 A01 A03 A08
8 Block 1 Set 2 A11 A02 A06 A04
9 Block 1 Set 3 A02 A10 A04 A06

10 Block 1 Set 4 A01 A11 A08 A03
11 Block 1 Set 5 A05 A07 A09 A12
12 Block 1 Set 5 A07 A05 A12 A09
13 Block 1 Set 1 A10 A01 A03 A08
14 Block 1 Set 2 A11 A02 A06 A04
15 Block 1 Set 3 A02 A10 A04 A06
16 Block 1 Set 4 A01 A11 A08 A03
17 Block 1 Set 5 A05 A07 A09 A12
18 Block 1 Set 5 A07 A05 A12 A09
19 Block 1 Set 1 A10 A01 A03 A08
20 Block 1 Set 2 A11 A02 A06 A04
21 Block 1 Set 3 A02 A10 A04 A06
22 Block 1 Set 4 A01 A11 A08 A03
23 Block 1 Set 5 A05 A07 A09 A12
24 Block 1 Set 5 A07 A05 A12 A09
25 Block 2 Set 1 A03 A08 A10 A01
26 Block 2 Set 2 A06 A04 A11 A02
27 Block 2 Set 3 A04 A06 A02 A10
28 Block 2 Set 4 A08 A03 A01 A11
29 Block 2 Set 5 A09 A12 A05 A07
30 Block 2 Set 5 A12 A09 A07 A05
31 Block 2 Set 1 A03 A08 A10 A01
32 Block 2 Set 2 A06 A04 A11 A02
33 Block 2 Set 3 A04 A06 A02 A10
34 Block 2 Set 4 A08 A03 A01 A11
35 Block 2 Set 5 A09 A12 A05 A07
36 Block 2 Set 5 A12 A09 A07 A05
37 Block 2 Set 1 A03 A08 A10 A01
38 Block 2 Set 2 A06 A04 A11 A02
39 Block 2 Set 3 A04 A06 A02 A10
40 Block 2 Set 4 A08 A03 A01 A11
41 Block 2 Set 5 A09 A12 A05 A07
42 Block 2 Set 5 A12 A09 A07 A05
43 Block 2 Set 1 A03 A08 A10 A01
44 Block 2 Set 2 A06 A04 A11 A02
45 Block 2 Set 3 A04 A06 A02 A10
46 Block 2 Set 4 A08 A03 A01 A11
47 Block 2 Set 5 A09 A12 A05 A07
48 Block 2 Set 5 A12 A09 A07 A05
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Ziel: Selbstständiges, Computer-gestütztes Arbeiten in der Physikalischen Chemie
Für PC/Theo-Interessierte, AnalytikerInnen, weltoffene SynthetikerInnen, technische ChemikerInnen.

CH4125 FA: Computergestützte Phys. Chemie, 5 CP

Aufbau: Semesterübergreifendes Praktikum im CIP-Pool und PC-Praktikum

2. Fortgeschrittene Programmierung und Simulation
Fortsetzung Datenauswertung & Visualisieren
Kinetik Modellieren - numerischen Lösen von Differentialgleichungen
Strategische Versuchsplanung

1. Computergestützte Datenaufnahme und -ansteuerung
Messen, Regeln
Geräte selber aus Komponenten zusammensetzen
Schwebungen

3. Ergebnisoffenes Experimentieren
Ultrakurzzeit-Spektroskopie
NMR mit NV-Zentren an Diamantoberflächen
Aerosole und Luftqualität messen
Farbstoff-sensitivierte Solarzellen
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Ablauf Computergestützte Phys. Chemie

Anmeldung bis 1W vor SoSe-Beginn
Beginn des Zugangs zu Moodle

5W Computergestützte Datenaufnahme und -ansteuerung 2 NM/W

Fortgeschrittene Programmierung und Simulation 2 NM/W5W

Abschlusstreffen Filmfestival am Semesterende

Ergebnisoffenes Experimentieren 6 NM3W
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