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General Instructions

• This examination has 10 problems.

• Each signal is given by the ringing of a cowbell.

• You may begin working as soon as the START command is given. You will then have 5 hours to
complete the exam.

• All results must be written in the appropriate answer boxes with pen on the answer sheets. Use
the back of the question sheets if you need scratch paper. Remember that answers written outside
the answer boxes will not be graded.

• Write relevant calculations in the appropriate boxes when necessary. Full marks will be given for
correct answers only when your work is shown.

• For the multiple choice questions, if you want to change your answer, fill the tick box completely
and then make a new box next to it.

• Use only the pen and calculator provided.

• The official English version of this examination is available on request for clarification only.

• The supervisors will announce a 30-minute warning before the STOP command.

• Youmust stop working when the STOP command is given. Failure to stop writing can lead to the
nullification of your examination.

• After the supervisor tells you to do so, put all sheets with the cover sheet on top back into the
envelope. Do not seal the envelope.

• You are not allowed to leave your working place without permission. If you need any assistance,
raise the corresponding nonverbal communication card (see table below for meanings).

• Do not draw anything into or close to the QR codes.
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I need to use
the toilet, grab a
snack, or take a
break

I need my water
bottle refilled

I need to see the
official English ver-
sion for clarifica-
tion

Meanings of the non-verbal communication cards.

GOOD LUCK!
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Problems and Grading Information

Title Question
Pages

Answer
Pages

Total
Score

Percentage

1 Molecular Imaging 3 4 22 5
2 Electrochemical CO2 Reduction 4 5 33 5
3 Artificial Photosynthesis 4 6 29 6
4 Fluorinated and Hypervalent Compounds 6 4 34 6
5 Hydrodesulfurization 3 4 34.5 7
6 Direct Conversion of Methane to

Methanol
3 5 32 7

7 Enzyme Kinetics 3 5 34 7
8 Nazarov Reaction 3 3 31 5
9 Electrolysis in Organic Synthesis 6 5 29 6
10 Switzerland - The Country of Pharmaceu-

ticals
6 4 39 6

Total 60
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Physical Constants and Equations

Constants

Planck constant ℎ = 6.626 ⋅ 10−34 J s
Boltzmann constant 𝑘𝐵 = 1.381 ⋅ 10−23 kg m2 s−2 K−1

Speed of Light 𝑐 = 2.998 ⋅ 108 m s−1

Elementary charge 𝑒 = 1.602 ⋅ 10−19 C
Avogadro constant 𝑁𝐴 = 6.022 ⋅ 1023 mol−1

Universal gas constant 𝑅 = 8.314 J mol−1 K−1

Faraday constant 𝐹 = 96485 C mol−1

Standard pressure 𝑝0 = 1 ⋅ 105 Pa = 1 bar
SHE: Standard Hydrogen Electrode (𝑝 = 1 bar)
Electronvolt 1 eV = 1.602 ⋅ 10−19 J
Electric Charge & Current 1 C = 1 A ⋅ 1 s
Absolute zero 0 K = −273.15 ∘C
Ångstrom 1 Å = 10−10 m
pico (p) 10−12

nano (n) 10−9

micro (𝜇) 10−6

milli (m) 10−3

centi (c) 10−2

deci (d) 10−1

kilo (k) 103

mega (M) 106

giga (G) 109

tera (T) 1012

Pi (𝜋) 𝜋 = 3.141592 …
Euler's number 𝑒 = 2.718281 …
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Equations

Ideal gas law 𝑝𝑉 = 𝑛𝑅𝑇 = 𝑁𝑘𝐵𝑇

Gibbs free energy

Δ𝐺 = Δ𝐻 − 𝑇 Δ𝑆
Δ𝐺∘ = −𝑅𝑇 ln𝐾∘

Δ𝑟𝐺∘ = −𝑛𝐹𝐸∘
𝑐𝑒𝑙𝑙

where 𝑛 is the number of electrons
Δ𝑟𝐺 = Δ𝑟𝐺∘ + 𝑅𝑇 ln𝑄

Reaction quotient 𝑄 for reaction: 𝑎𝐴+𝑏𝐵 ⇌ 𝑐𝐶 +𝑑𝐷 𝑄 = [𝐶]𝑐[𝐷]𝑑
[𝐴]𝑎[𝐵]𝑏

Nernst equation 𝐸 = 𝐸0 − 𝑅𝑇
𝑛𝐹 ln𝑄

Electric current 𝐼 = 𝑄/𝑡
Faraday equation 𝐼 ⋅ 𝑡 = 𝑛 ⋅ 𝑧 ⋅ 𝐹
Energy of charge 𝑞 in electric field 𝐸 = 𝑘 𝑞1𝑞2

𝑑

Arrhenius law 𝑘 = 𝐴exp( −𝐸𝐴
𝑅𝑇 )

Lambert Beer equation 𝐴 = log(𝐼0/𝐼1) = 𝜀 ⋅ 𝑙 ⋅ 𝑐
Henderson-Hasselbalch equation pH = pKa + log( [𝐴−]

[𝐻𝐴] )
Energy of a photon 𝐸 = ℎ𝜈 = ℎ𝑐

𝜆
Integrated rate laws for ...
... zeroth order [𝐴] = [𝐴]0 − 𝑘𝑡
... first order ln[𝐴] = ln[𝐴]0 − 𝑘𝑡
... second order 1

[𝐴] = 1
[𝐴]0 + 𝑘𝑡

Half life for a first order reaction 𝑡1/2 = ln2
𝑘

Half life for a second order process 𝑡1/2 = 1
[𝐴]0𝑘

Radioactivity 𝐴 = 𝑘 ⋅ 𝑁
Surface area of a sphere with radius 𝑅 𝐴 = 4𝜋𝑅2

Volume of a sphere with radius 𝑅 𝑉 = 4𝜋
3 𝑅3



Theory G0-6
English (Official)

Periodic Table of the Elements
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Table of NMR Chemical Shifts

1H NMR Chemical Shifts

Possible translation for aromatic, aliphatic and alkyne

13C NMR Chemical Shifts

Possible translation for aromatic, aliphatic and alkyne
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1H NMR Coupling Constants

Type of hydrogen |Jab| (Hz)
R2CHaHb 4-20
R2CHa-CR2Hb 2-12
R2CHa-CR2-CR2Hb If rotation free: < 0.1

Otherwise (fixed): 1-8
RHaC=CRHb cis: 7-12

trans: 12-18
R2C=CHaHb 0.5-3
RHaC=CR-CR2Hb 0.5-2.5

List of Amino Acids

Possible translations for the English expressions in the figure above.




