
Spectroscopyexam
Friday November so" 2018

Teacher: Dennis Hetterscheid

Write your name and student number on every page containing answers.
It is not allowed to use your notes, books, mobile phone, etc.

This exam consists out of 5 problems and 3 pages. Read the questions
carefully before you answer them. Answer the question precisely and
clearly indicate how you got to the answer. An explanation how you got to
your answer counts as least as many points as the answer itself.

1. Name two requirements th at are essential for absorption of photons to take place. 4 points

2. Given are the absorption (black), fluorescence (red) and phosphoresence (blue) spectra of

dibenzo[a,c]phenazine (New. J. Chem. 2017, 41, 1864). Explain why these events do not

occur at the same wavelength. 6 points
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3. Consider an atom with a dBconfiguration.

a. Oetermine the term belonging to an atom with a dBconfiguration with the highest

spin. 3 points
b. Oetermine the term belonging to an atom with a dBconfiguration with the highest

orbital angular momentum. 3 points
c. Other terms belonging to an atom with a dBconfiguration are 3p, 10 and 15. Wh at are

the degeneracies of all these five terms? 6 points
d. The five terms mentioned in questions a) trough c) are split in levels. In how many

levels is each term split? What are the degeneracies of each of these levels? 8 points
e. The transition from an excited state 35 to states th at be long to a dBconfiguration

shows three lines in the emission spectrum th at are very close in energy. Explain why

this is the case. 6 points
f. In how many lines would this absorption split when this experiment is carried out in

astrong magnetic field. Explain your answer. 9 points

4. Consider the square pyramidal molecule MCls with C4v symmetry. Give the normalized linear
equations belonging to the M-CI stretches. 20 points

5. Consider the molecule benzene belonging to 06h symmetry. Note that the C/' axis lies in the
ad plane. 2S points

a. How many normal modes does benzene have? 2 points
b. Find all irreducible representations belonging to the C-H stretching modes. Spoints
c. Find all irreducible representations belonging to the C-C stretching modes. Spoints
d. Find all irreducible representations belonging to the bending modes. 7 points
e. Sketch an IR spectrum of benzene based on your findings at b), c) and d) and

assuming th at aromatic C-H stretches are typically found around 3300 cm", aromatic

bending modes between 680 and 860cm·l and aromatic C=C stretching between

1500 and 1700 cm'. Assign all peaks in your spectrum including the irreducible

character belonging to it. 6 points
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Character table for C4v point groop

I. ze, (z) Cl 2Gv 20'd
linear, quadratic

rotatioos

Al 1 1 1 1 1 ~ ') "1:
Z xr+y', z:

Al 1 1 1 -1 -1 Rz

BI 1 -1 1 1 -1 2 2x. -y

B2 1 -1 1 -1 1 xy

E 2 0 -2 0 0 (x, y) (R:r;, Ry) (xz,yz)
.t-

E 2C6 2Cl C~ 3C'1 3C~'2 i 2S3 286 Gis. 30'd 30'v Linear,
uadraticro atioos

Alg 1 1 1 1 1 1 1 1 1 1 1 1 x2-,l, .z?
A2g 1 1 1 1 -1 -1 1 1 1 1 -1 -1 Rz

Bg; 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1

Blg; 1 -1 1 -1 -·1 1 1 -1 1 -1 -1 1
Elg; ') 1 -1 -2 0 0 2 1 -1 - ') 0 0 (Rx,Ry) (xz, yz)•..
EZg; 2 -1 -1 2 0 0 2 -1 -1 2- 0 0 (r-)-, xy)

Alu 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1

Azu 1 1 1 1 -1 -1 -1 -1 -1 -1 1 1 Z

BlIJ! 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1
Blu 1 -1 1 -1 -1 1 -1 1 -1 1 1 -1.

Elu 2 1 -1 -2 0 0 -2 -1 1 1 0 0 (x, y)

Elu
., -i -1 2 0 0 -2 1 1 -2 0 0•..

Character table lor n6b POiD groop


