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Preface

To become a member of the German IChO-team you have to be success-
ful in four rounds of a national competition which is lead by PD Dr. Sabine
Nick.

The problems to be solved in the 1st round are sent to all highschools. To
solve the problems the students may use all resources available, e.g.
textbooks etc.

All those students who solve about 70% of the tasks correctly will receive
the problems of the 2nd round, which are to be solved in the same way as
mentioned above. These problems are the most difficult ones in the whole
competition.

The top 60 of the participants of the 2nd round are invited to the 3rd

round, a one-week chemistry camp. Besides lectures and excursions to
chemical plants or universities there are two written theoretical tests of 5
hours each.

The top 15 of the 3rd round are the participants of the 4th round, a one-
week practical training. There are two written five-hour tests - one theo-
retical and one practical - under the same conditions as at the IChO. Here
the team is selected.

In this booklet all problems of the selection procedure and the solutions
are collected.

In the appendix you find tables of historical interest.
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Part 1

The problem set of the four rounds
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First Round

Problem 1-1 Where does the water come from?

As soon as the family of Eileen got their new pool they filled it up with water. Ei-

leen is interested in the quality of the water and calls the water supply com-pany

to obtain a list of all the ingredients of the provided water. This is not a problem

but there are four different water supply stations which provide the residential

area of Eileens family with water and they do not know which one was on duty

the day the basin was filled. So she gets the test reports of each of the four sta-

tions and considers how to find out where the water came from.

Station 1 Station 2 Station 3 Station 4
Calcium (Ca) 74.6 112 114 95.7
Magnesium (Mg) 12.9 14.5 10.8 9.91
Sodium (Na) 29.7 67.7 19.7 16.6
Potassium (K) 3.54 4.87 3.16 2.87
Ammonium (NH4) 0.18 0.03 0.12 0.07
Chloride (Cl) 144 146 45 21
Nitrate (NO3) 1.2 2.0 2.3 2.0
Nitrite (NO2) 0.08 <0.02 0.03 0.02
Phosphate (PO4) 0.22 <0.06 0.09 0.10

all informations in mg/L

At first Eileen determines the mass concentration of chloride by applying a preci-

pitation titration (method of Mohr).

a) Write the reaction equation of this determination of chloride!

How do you identify the end of the reaction? Give the reaction equation!

b) Account for the reason why the pH value in this determination must not fall

below a value of pH = 6!

Eileen titrates three samples of 100 mL of water each with a solution of silver

nitrate (c = 0.01 mol/L) and finds the following consumptions:

Sample 1: 40.4 mL Sample 2: 41.5 mL Sample 3: 40.9 mL

c) Calculate the mass concentration of chloride in mg/L!

Eileen determines the amount of calcium by complexiometric titration with a so-

lution of Na2EDTA (c = 0.01 mol/L ) using calconcarboxylic acid as indicator. She

titrates three samples of 100 mL of water each and finds the following consump-

tions of the Na2EDTA solution:

Sample 1: 27.9 mL Sample 2: 28.4 mL Sample 3: 28.0 mL.
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d) What is the function of copper sulphate?

The quantitative analysis of arsenic(III) can be performed using bromatometry.

e) How does this method work? Give the reaction equation.

Which indicator is used?

In old expertises of forensic medicine you often find that poisenors used glass-

works as source of white arsenic.

f) What is the reason to use white arsenic in the production of glass?

Besides arsenic(III) oxide there exist two more anhydrides of arsenic-oxygen

acids.

g) Which are they? How can you gain them? Give appropriate reaction equati-

ons.

Important oxygen acids of phosphorus, the lighter homolog of arsenic, are

phosphinic acid (H3PO2), phosphorous acid (H3PO3) and phosphoric acid (H3PO4).

h) How many protons can these acids give off in a Brønsted acid-base reaction?

Rationalize your answer by using Lewis structures of these acids.

Problem 1-3 Properties and derivates of 1,3-
cyclopentadiene

1,3-Cyclopentadiene is a cyclic hydrocarbon with an unusually low pKa value of

pKa=16 in comparison to other hydrocarbons with pKa values of about 40. Thus

the reaction of 1,3-cyclopentadiene with strong bases e.g. sodium amide

(NaNH2) leads to the salt sodium 1,3-cyclopentadienide.

a) Write the equation of this reaction.

b) Draw five equivalent resonance structures of the cyclopentadienyl anion.

c) Rationalize the great stability of the cyclopentadienyl anions using the Hückel

rule.

d) Draw one resonance structure of a cyclopentadienyl cation. Compare its sta-

bility with that of the cyclopentadienyl anion and account for your opinion.
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e) Compare the acidity of the 1,4-dicyano derivate of 1,3-cyclopentadiene with

that of unsubstituted 1,3-cyclopentadiene. Give reasons!

Sodium 1,3-cyclopentadienide reacts with iron(II) salts in the molar ratio of 2:1.

An orange and diamagnetic compound X forms which does not decompose in air.

f) Write the reaction equation of the formation of compound X.

g) Draw a 3D-structure of compound X.

Compound X reacts with different substances in a characteristic way, e.g.

(1) with ethyl chloride in the presence of aluminium chloride

or

(2) with concentrated sulphuric acid.

h) Write the equations of the reactions (1) and (2) of compound X.

Draw 3D-structures of each product.

i) Give the general mechanisms of these reactions. Which kind of reaction me-

chanism is present in both cases?

Compound X can be protonated by strong acids to yield an addition compound.

j) Draw a 3D-structure of this addition compound!
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X

O O

O O

d) Give a reaction equation of the formation of each compound.

Take into your considerations that the products should be formed extensively

selective i.e. without byproducts.

It is not necessary that the formation is performed in a one step reaction, in

some cases you may need several steps. Write in these cases all intermedia-

tes.
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Problems Round 3

Test 1 Göttingen 2008: Problems 3-01 to 3-10

Test 2 Göttingen 2008: Problems 3-11 to 3-20

time 5 hours,
your name write it on every answer sheet,
relevant calculations write them down into the appropriate boxes,

otherwise you will get no points
atomic masses use only the periodic table given,
constants use only the values given in the table
answers only in the appropriate boxes of the answer

sheets, nothing else will be marked,
draft paper use the back of the pages of the problem

booklet, but everything written there will not
be marked,

problem booklet you may keep it.

Good Luck
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Problem 3-9 Preparations of Alcohols

Two alcohols have to be prepared (possibly as racemate):

Alcohol A: Butane-1-ol

Alcohol B: Butane-2-ol

The following chemicals are at your disposal:

Boron hydride (in THF), aqueous solution of hydrogen chloride, but-1-ene, po-

tassium permanganate, solution of sodium hydroxide, water, hydrogen peroxide.

a) Note down a (non stoichiometric) scheme to prepare alcohol A using only the

given choice of substances.

b) Show the essential steps of the reaction mechanism.

c) Note down a (non stoichiometric) scheme to prepare alcohol B using only the

given choice of substances.

d) Show the essential steps of the reaction mechanism.

Problem 3-10 Fischer Projections

The structure of enantiomers is easily shown by using Fischer projections.

In such a projection a carbon atom is represented by two crossed lines. By con-

vention, the horizontal lines represent bonds coming out of the page, and the

vertical lines represent bonds going into the page.

A C

B

D

A and C lie in front of the paper plane
B and D lie behind it

Given the following Fischer projections:

Compound A

H3C CH2CH2OH

H

OH

Compound B

HO H

CH2CH2OH

CH3

Compound C

H CH3

OH

CH2CH2OH

Compound D

HOCH2CH2 CH3

OH

H
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a) Draw the configurational (space) formula of A using the following instructions

(-----) bond lies behind the paper plane,

( ) bond lies infront of it.

b) Give the full name of compound A (in R,S nomenclature).

c) Which of the compounds B to D is identical, which is different from A?

d) Give the full name(s) of the non identical compound(s) of A.

Determine the stereochemical relation of A to this (these) compound(s).
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Problem 3-12 Inorganic Chemistry I

a) Write balanced equations for each of the reactions described below.

All reactions occur in aqueous solutions.

A) A piece of calcium is added to water.

B) A solution of lead acetate and dilute sulfuric acid are mixed.

C) Concentrated hydrochloric acid is added to manganese(IV) oxide.

D) Sodium cyanide is added to water.

E) A piece of silver is placed in dilute nitric acid.

F) An excess of sodium hydroxide is added to aqueous aluminium nitrate.

b) The conductivity of several aqueous solutions was tested producing these

results:

Solution (concentration) Relative Conductivity

CoCl2 (aq) (0.10 mol/dm3) high

Co(CH3COO)2 (aq) (0.10 mol/dm3) high

H2S (aq) (0,10 mol/dm3) low

(i) Account for these results.

Two additional tests are to be performed, this time on mixtures of solutions:

Solution (concentration) Relative Conductivity

1. CoCl2 (aq) + H2S (aq) (je 0.10 mol/dm3) ?

2. Co(CH3COO)2 (aq) + H2S (aq) (je 0.10 mol/dm3) ?

For each of these mixtures answer the following questions.

(ii) Write an ionic equation of the process happening during the mixing

process. Give state symbols for all species such as (aq), (s) et.

(iii) Describe any visual changes expected while mixing the solutions.

(iv) Predict the relative conductivity expected for the final solution.

Explain your predictions.

Problem 3-13 Unknown Substances
A

A certain amount of vapour of compound X and some oxygen reacted complete-

ly. Both gaseous substances were provided at the same pressure (< 1 bar) and

temperature (> 100°C).
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Problem 3-20 Analysis of Peptides

Peptides are polymers of amino acids. You can get all amino acids involved by a

complete hydrolysis of a peptide.

H2N

H
N

N
H

OH

H3C CH3

O CH3

O

O

a) Which amino acids do you get by complete hydrolysis of this peptide? Write

down their IUPAC names (in R, S-nomenclature).

b) Draw the spacial configuration of one of these amino acids.

To determine individual amino acids automatically operating analysers are used.

After hydolysis the amino acids are seperated within these analysers by co-

lumns. Each eluated amino acid is detected with a ninhydrin reaction test.

Ninhydrin forms a blue dye in aqueous solutions with all amino acids. The dye is

gauged by a spectrophotometer.

In aqueous solutions ninhydrin establishes the following equilibrium:

C

C

C

O

O

OH

OH H2O

C

C

C

O

O

O

The reaction scheme below shows the reaction of an amino acid with ninhydrin

to form a blue dye.
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NH2 CHR COOH
Ninhydrin

– H2O
A

– CO2

B

+ H2O– RCHO

C

C

C

O

O

H

NH2

Ninhydrin

– H2O
blauer Farbstoff C

c) Complete this reaction scheme.

d) Make a proposal of a procedure to analyse an amino acid qualitatively and

quantitatively in an amino-acid analyser.

Blue dye C
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a) Complete the reaction scheme

A

1. LiAlH4

2. H3O
+

X + Y

Note down the structures and the names of the compounds.

b) Show the mechanism of this reaction. Keep in mind that first a reaction with

LiAlH4 takes place followed by a reaction with the acid.

c) Identify the peak at 28m/z in the mass sprectrogram of compound Y.

You find “Regions of wave numbers of characteristic stretching vibrations of or-

ganic compounds” at the end of the test.

Problem 4-9 Stereochemistry and Stereoselective Reactions

a) Determine for each of the following figures of 2-chloro-3-aminobutanoic acid

the ablolute configuration of both asymmetric C-atoms following the CIP-

rules (due to the form (2S, 3R)). Clarify the numeration of the carbon chain.

Which compounds are enantiomers?

H

HO2C Cl

NH2

Cl H
H2N

HO2C
HH

Cl CO2H

NH2

CH3H

NH2

H3C H

CO2H

ClH

CH3

HH2N

CO2H

HCl

1 2 3 4 5

Given are the following compounds
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CH3

OH

Ph

HO

PPh2

PPh2

A B C

D
E

b) How many stereoisomers of the compounds A to E do exist? Draw these

isomers in a way that the spacial structure can be recognized easily.

Compound F is converted stereoselectively with biochemical methods to form

two alcohols X(1) und X(2) (R = Alkyl). Then a reaction to the specific epoxides

follows.

R

O

Cl

R

*

OH

Cl

R

*

OH

Cl

OH-

OH-

Rhodococcus
ruber

Lactobacillus
brevis

R-konfiguriert

S-konfiguriert

X1

X2

Y1

Y2

F

R-configuration

S-configuration




