IChO

46 . International
Chemistry Olympiad
Vietnam 2014

National German
Competition

Volume 20



Chemistry Olympiad 2014

Preface

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

The problems to be solved in the 1 ' round are sent to all high schools . To
solve the problems the students may use all resources available , e.g. tex t-

books etc.

All those students who solve about 70% of the tasks correctly will receive the

problems of the 2 ™ round , which are to be solved in the same way as me n-
tioned above. These problems are the most difficult ones in the whole compet  i-
tion.

nd rd

The top 60 of the participants of the 2 round are invited to the 3 round , a
one -week ¢ hemistry camp. Besides lectures and excursions to chemical plants
or universities there are two written theoretical tests of 5 hours ea ch.

th

The top 15 of the 3 ™ round are the participants of the 4 round , a one -week

practical training. There are two written five -hour tests - one theoretical and
one practical - under the same conditions as at the IChO. Here the team is s e-
lected.

In this b ooklet all problems of the selection procedure and the ir solutions are

collected . Future participants should use this booklet to become acquainted
with the problems of the competition. Therefore the solutions to the problems
given in this booklet are more detailed than the answers we expect from the
students in the competition.

In the appendix you find tables of historical interest.
Wolfgang Hampe
This booklet including the problems of the 4 6™ IchO and the latest statistics

is available as of September 2014 from
http://iwww.icho. de(0 Auf gabenod)
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Problems Round 1

First Round
Problem1 -1 Chemistry and Horses
There is a typical smell in stables caused by a compound A formed by bacterial decomposition

of urea contained in the urine of horses.

a) Whatis compound A? Write down the equation for the decomposition of urea.

A horse produces 10 to 50 mL of urine per kg body mass per day. The content of urea d e-
pends on the protein content of the fodder and amounts to an average of5mmol/L (3.3 T 6.7
mmol/L) .

b) Which mass of compound A can be theoretically formed in a stable with 23 horses having

a body mass of 550 kg each?
(Use 35 mL/kg body weight as amount of urine and r = 1000 kg/m * as the approximate

density of the urine of horses.)

In the 19 ™ century many scientists were engaged in the analysis of natural materials and
compounds including the excretions of people and animals.

Justus v. Liebig , a famous German chemist, published in 1829 in a journal called Poggendorfs
Annalen: " Mixing urine of horses with an excess of hydrochloric acid leads after some time to a

yellow -brownish crystalline precipitate. By washing with water the unpleasant smell o fthe pr e-
cipitate does not vanish."

He had prepared a new compound B, the composition of which he published as follows

Nitrogen 7.337 parts in 100 parts Carbon 63.032 parts in 100 parts
Hydrogen 5.000 parts in 100 parts Oxygen 24.631 partsin 100 parts.

c) Determine the empirical formula of B.
Liebig's discovery was path breaking as the former assumption that compound B could be

benzoic acid was refuted because the compound contained nitrogen. Five years later Liebig

revised his results and publi ~ shed new results of an analysis (compound B'):

Nitrogen 7.816 /100 Carbon 60.742 /100
Hydrogen 4.959 /100 Oxygen 26.483 /100.

Compound B' dissolves well in hot water. B' reacts with zinc forming hydrogen amongst other
compounds and forms a lot of metallic salts. When heated with mineral acids or with bases B'

decomposes to benzoic acid and an amino acid.

d) Determine compound B'.Whatisthe name of B'? Drawitsline -bond structure.
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If compound B' is heated to decomposition a resin like residue and benzoic acid form besides a

compound C with the molecular formula C 7HsN. Liebig describes C as a "... liquid, yellowish,
pleasant smelling, ammonia containing oil which shows g reat similarity to fatty oils."
e) What is compound C? How can ammonia be generated from C? Draw a reaction scheme

which illustrates the forming of ammonia.

A young girl, Mareike, finds a plastic bag near to the box of her horse. It contains white po w-
der. Part of the powder has already fallen out of the bag and lies directly in front of the box.
Nobody knows which kind of powder this is. So Mareike takes a part of it and gives it to her

older sister who just finished her PhD in chemistry. She remembers from her first years of uni-

versity how to analyze an inorganic powder and delivers the following result:

white powder Pul ver

H,0
yellow  flame coloratior clear n g white ¢ flame coloration - + = =
pink solutionn g residue tand —— ~ '©

(cobalt glas) |

1. dil. HCL 1. dil. HNO3 , . evolution of gaswhich
2. BaC} sol. 2.AgNO; . |dil HCL = ¢5,ds Ba(OH)sol.

white white r
precipitate  precipitate
l NH; sol.
clear clear
solution n g solution | ¢ _
| dil. HNO;
1. titan yellow sol. NHNOs
(NH,);SO, SOl 2. dil. NaOH sol. | (NH2)eM070z4 - 4 H:0
a Iittlg vyhite ‘redlake yeI_onv
precipitate precipitate
filtration |

clear solution

(NH,),C0, sol.
white
precipitate
insoluble in AcOH Ac OH,
soluble in stron@cids arkeren S2uren)

Mareike is relieved because her sister did not find anything dangerous.

f)  Which ions are in the powder if only the reactions and observations mentioned in the

scheme are taken into account? Which salts could be theoretically existent in the powder?
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Problem1 -2 Redox Reactions
The redox reaction is an important type of chemical reactions.

a) Explain the concept of "redox reactions" shortly. In doing so use the reaction of sodium
with water as an example. Write down the relevant reaction equation(s) and apply oxid a-

tion numbers.

b) Which of the following equations represent a redox reaction?

i) HCI+H ,0 Hs,O" +CI'

i) Cl, +2HI =——=1, + 2 HCI

iy 2Al+AICI ; 3 AlCI

iv)  Cr,0;% + H,0 2 HCrO '

V) [Fe(H ,0)¢]* +3SCN ' [Fe(H ,0)3(SCN) 3] +3H ,0

vi)  Cr,0;% +4H ,0,+2H " 2 CrO(0 ), +5H ,0

Vi) [Ti(OH) 2(H20)4]* + H ,0, [Ti(O ) -aq] * +6H ,0

viii) 2 AsHj; 2As+3H ;

Batteries are galvanic elements, electrochemical cells in which redox reactions take place.

c) Write down the main difference between primary and secondary galvanic elements.

To harness the energy of a chemical reaction so as to produce an electric current has a long
tradition. Small vessels made of clay were excavated from a settlement near to Bagdad (dated
250 BC to 225 AD). They cont ained a copper cylinder and an iron rod.

Until today it's not clear whether these vessels point to the use of galvanic elements in those

times.

d) Which metal could have served as anode, which as cathode if these vessels had been used
to provide electrical power?
Write down the chemical half equations (anode and cathode).
(E° (Cu/Cu *)=+0.34V,E ° (FelFe?)= i0.41V)

e) Name two more preconditions for the construction of an electrical power providing battery.

f)  Whati s the cell potential of the Bagdad battery under standard conditions?

The table on the next page presents some standard half  -cell potentials in aqueous solutions at
298 K.
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Reduced form Oxidized Form E° [V]
n? +2e =——= Zn -0.76
Fe*' + 3¢ ~=——= Fe -0.04
2H ' +2e  =—— H, ° 0.00
Cu* +2e =/ Cu +0.34
l,+2e "~ = 21- +0.54
Fe** +e° =———= Fe +0.77
ClL+2e =/ 2 Cl- +1.36

g) Which statements concerning the respective experiments are correct? Use the data from
the table to find your answer.

i)  Granulates of zinc are given into diluted hydrochloric acid:
1. Chlorine evolves.
2. Hydrogen evolves.
3. Nothing happens.
4. Zinc dissolves.

i)  Splinters of copper are given into diluted hydrochloric acid:
1. Chlorine evolves.
2. Hydrogen evolves.
3.  Nothing happens.
4. Copper dissolves.

iii) A solution of iron (lll) ions is mixed with a solution of potassium iodide:
1. lodine forms.
2. lIron precipitates.
3.  Nothing happens.
4. The solution turns blue.
In the separation scheme of cations cobalt and nickel are Ni,S, Co,S,

precipitated as sulfides. For further identification the su -
fides are dissolved inH 3CCOOH/H ,0, or conc. HNO .

NiS CoS
black black

h) Is the dissolving of NiS and CoS a redox reaction? ‘

Account for your answer! . o
dissolving in
i) Why is it better to use H 3CCOOH/H,0, instead of CH3;COOH + H ,0,

conc. HNO 3? ‘

Ni**  Co?
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Problem1 -3 Thermal Degradation of a Compound

In order to synthesize a coordination compound a mixture of 1 mmol of copper(l) bromide and

1 mmol of 2,5 -dimethyl pyrazine was stirred in acetonitrile. A solid X precipitated. X was sep a-
rated, dried and subjected to an elementary analysis with the followi ng results:

C: 28.65%, N: 11.12%, H: 3.21%.
Additionally the content of copper and bromine were detected by atomic absorption spectro  s-
copy (AAS): Cu: 25.25%, Br: 31.75%.
a) Find the empirical formula, the molecular formula and the molar mass of X!
For further characterization of X the thermal properties were detected by using differential

thermal analysis (DTA) and thermogravimetric analysis (TG) simultaneously coupled with mass
spectrometry (MS). The results are shown in the following image.
In the MS measurement onl*' *h~ fragment with the highest m/Z rate is shown.

endothermlc ........

DT and stream of ions in discretionary units

125°C
210° C 245°C
3 )\ } \ m/Z=108
S50 100 150 200 250 300 350
Temperature/°C

Image of the DTA, TG and MS  -trend -scan curve of compound X (each loss of mass in the TG curve refers to the orig i-

nal existing mass)
b) Which information about the thermal reactivity ( behavior at heating) of X provides

i) the TG curve concerning the loss of mass,
i) the DTA curve concerning the heat of reaction of the events,
iii) the MS -trend -scan -curve concerning the leaving components?

c) Determine the composition (molecular formula) of the compounds which form after the
first, second and third step of the splitting - off.

(Hint: Compare the experimen tal with the theoretically possible loss of weight.)

10
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Problem1 -4 An Organic Riddle
Below you find the scheme of the synthesis of compound F. F is an intermediate in the produ
tion of compound H. H is a natural product which can be synthesized as well as obtained from
natural resources.
a) Drawtheline -bond structuresof A, B, E, Fand G!
(Hint: Instep A to B aswellasinstep Eto F 1 mol of hydrogen reacts with 1 mol of A
and E, respectively.)
b) Propose a mechanism for the reaction of Cto D.
H
O \
[ c Na/NH,(fl) H,/Kat.
o~ T \g — A - B
r‘| 0 o
.
NaOEt / EtOH OC,Hs
i -
C
+ o O o
? I Al(iOPr), (kat.) OM
H,/Kat. H DT
F - E - ><
Na/NH,(fl) i CO, —
/\
D C
F reacts witht -butyl acetate under cleavage of t -butanol to form  H.
c) Drawtheline -bond structure of H and write down its name.
d) Which is the natural source of H?
If F is treated with an agueous solution of acid two compounds | and J are formed which have
the same molecular formula as F:
H*/H,0
F —— 1 + J
e) Draw the line -bond structures of | and J and write down their names. Explain why both

compounds form.

C-

11
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Second Round (homework)

Problem2 i1 An Inorganic Riddle

A compound X has to be found which contains a metal M in the oxidation state +IV.

X crystallizes from an agueous solution as a monohydrate. The percentage by weight of

M in the monohydrate of X is about 18 %.

X is insoluble in water and decomposes when heated. X shines metallically black  -violet.
In solid X the metal M has an octahedral surrounding of oxygen. The simplest oxide of M
crystallizes in a sodium chloride structure.

The compounds A, B and C are necessa ry to synthesize  X.

Compound A forms white, non -hygroskopic crystals. A can be obtained by oxidation of
sodium iodate or sodium iodide with chlorine or bromine in alkaline aqueous solution. A
exists as an ortho form ("water rich"). The molar mass of A is higher than 250 g/mol
and the stoichiometric ratio of sodium and oxygen in A is n(Na):n(O) = 1:2.

B is an ionic compound. Its anion is a strong oxidation agent and can be obtained by
oxidizing sulfates or hydrogen sulfates by very strong oxidation agents (f luorine or in an
electrochemical way). The cation shows yellow flame coloration.

An agueous solution of compound C shows the following reactions:
I With an aqueous solution of NaOH a precipitate forms, which does not dissolve in
an excess of NaOH but is sol  uble in acids.
With barium chloride a white precipitate forms, which does not dissolve in acids.
1 With sulfur hydrogen a black solid precipitates from an ammoniac solution of C.
There is no coloring with an aqueous solution of potassium cyanate.

a) Determi ne the molecular formulae of the compounds A, B and C.
b) What is the oxidation state of sulfur in the anion of B? Account for your answer.
c) Write down the molecular formula of X and the reaction equation of the formation of

X - H,0. Assign oxidation numbers to all atoms and ions of the reaction equations.

d) What do you expect compound X to be, diamagnetic or paramagnetic? Account for
your answer using an orbital diagram. Which factors have an impact on the occup a-

tion of the orbitals?

Metal M and titanium are the main components of one representative of a modern class

of alloys.

e) Under which name is this alloy known? Which extraordinary property does this kind

of alloys have?

12
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Problem2 -2 An Organic Synthesis
The following scheme shows the synthesis of the compound K:
1. NaOC,Hs
C,HsOH, H" 2 H H*, DT
A B cC — D
{ \ CH,N,
N
|‘_| Ag,0 (kat.)
— G F : =
p-TsOH (kat.) i N,
i i 1,0
\/v
Y H+/H20 NaOC,Hs DT
T [
i C4HgN i H,0

p-TsOH: H,C @— SOzH

K contains at least one carbon ring.

K forms a precipitate with dinitrophenylhydrazine.

The test of K with Fehling's solution is negative.

1 mol of K adds bit by bit 1 mol of bromine (Br 2)-
The elementary analysis of K gives the following result:
80.44 % of C, 9.82 % of H, 9.74 % of O.

=A =4 4 4 =

Further information:

A is an unbranched dicarboxylic acid.

A consists of nearly 50 % of carbon.

A reacts with ethanol in the molar ratio n(A):n(ethanol) = 1: 2.
D has the molecular formulaC  sHgO.

=A =4 =4 A -4

In the reaction C %2- D a gaseous compound forms as side product (not shown in
the scheme).

F is a cyclic compound.

The 'H-NMR of F shows three groups of protons (1.74 ppm, 1.88 ppm, 2.22 ppm),
the *C-NMR shows carbon in four different chemical surroundings (23.8 pppm, 26.5
ppm, 40.4 ppm, 208.5 ppm)

1 Thereaction F - G is performed in toluene using a water separator.

I has the molecu lar formulaC ;;H;50,.

The compounds E and J are intermediates which cannot be separated.

13
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a) Determine the structural formulae of A through K!
b) Mark all stereogenic centers in J with a star. Draw 3D images of all stereocisomers
and identify at each stereogenic center whether it has an S - or an R -confirmation.

Which kind of stereoisomerism do you find between the stereocisomers?
(Hint: —= i, front of the paper plane I pehind the paper plane)

c) Sketch the mechanism of the following reactions shortly. Under which name are the

reactions (i, iii und iv) and the combination of iii and iv well -known?
i) B%- C i) C%- D i) G%- H iv) 1 - ]

d) Give the reason why compound F is not made to react directly with ethyl vinyl k
tone but in a "detour reaction” via compound G.

e) In the reaction of | with sodium ethanolate to form J several constitutional isomers
may form as products. Draw images of the se constitutional isomers. Account for the
fact that in the end exclusively J is formed.

Problem?2 -3 Spectroscopy

Modern chemists have available to them a powerful array of instrumental techniques for
determine molecular structures. Interactions between electromagnetic radiation and

molecules can be probed by two techniques: IR and Raman spectroscopy.

a) Describe the fundamental difference between these two techniques with regard to

the origin of measured frequencies.

An important difference between these two methods is that different selection rules a
ply. IR spectroscopy requires that there is a change in dipole moment during the vibr
tion while the requirement of Raman spectroscopy is that the polarizibility of the mol

cule must change duri  ng the vibrations.

The number of vibrational normal modes (z) of a molecule containing N atoms is easy to
be calculated:

Linear molecules z=3N i 5
Non - linear molecules z=3N i 6
b) Sketch all possible vibrations of the molecules i) and ii) and 4 possible vibrations of

the molecule iii)

i) H,O i) N, i) BF;
and indicate whether they are IR and/or Raman active. Give a plot for each vibr a-
tion.

14
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Example CO » — symmetric stretch
a—C—@
e —e antisymmetric stretch
| o= o ) ,
l 1 bending mode

bending mode

H" (upward and downward movement

with respect to the paper plane)

c¢) How many peaks do you expect in the IR spectrum of carbon dioxide? Account for
your decision!

d) In the calculation of the number of normal modes in a linear molecule 5 is subtrac t-
ed from 3N, at non -linear molecules 6. Explain why.

We expect the spectrum to provide information about vibrations in a molecule. The res o-
lution of such spectra is often bad, i.e. the absorption bands are very broad. The reason

is that vibrational transition is accompanied by different transitions in the rotational e n-
ergy.
It is possible to avoid rotation by cooling the sample down. This can be done by expa n-

sion in a carrier gas into vacuum. In this case the pressure in a system of reservoir and
chamber has to ob ey the following equation:

9
— 9
g
with g = isentropic expansion factor of the gas which can be related to the degrees of
freedom.
e) Calculate the maximal pressure in the chamber for such an expansion with a reser-

voir pressure of 650 mbar and helium as gas.

S-(1)-Limonene was studied in a series of measurement. It was CHs

expanded in a chamber with helium as carrier gas. The mixture

into the chamber was detected by Raman spectroscopy. Vibr a-

tions of different con  formers were observed. :

f)  How many and which kind of vibrations do you expectin HC™ CH,
S-(7)-limonene? Fig. 1: S -(i)-Limonene

The assignment of the vibrations to the different conformers is conducted by quantum
chemical calculations. It is possible to determine the temperature of expansion using the

ratio of intensities of the conformers.

15
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Conformer A Conformer B

(%

Fig. 2: Conformers of S -(7)-limonene: equatorial conformer A and axial conformer B.

The energetically more favorable is the (pseudo) equatorial conformer A. There are two
more conformers which are energetically nearly equal to each other. They differ only in
the rotation of the isopropylene group ("rotamers"). The energy of the axial conformer B

lies considerably below these two conform ers.
The calculated difference in energy between A and B is 6,475 - 10"° Hartree.
g) Calculate the energy difference in kJ/mol and eV! Is the transition A - B at room

temperature (25°C) possible? Explain by using the probability of the existence of B
at this temperature (Boltzmann distribution).

h) If the ratio of intensities (i(A):i(B)) is 7:1, what is the expansion temperature?

i)  Why is the equatorial arr  angement in ring systems mostly more favorable than the

axial?

i) Which reason could account for the fact that in the case of limonene conformer B is
more favorable than the two rotamers?

Acetone and its dimer were inspected in the same way. The dimer o f acetone may have

one of the two arrangements shown below:

Dimer 1: Dimer 2:

¢ ; ¢ ]
¢ ¢
L=
¢
Fig. 3: Possible dimers of acetone

It was predicted in comparison with quantum mechanical calculations which kind of d i-
mer should be present. At high temperature and low concentration only the monomer
was detected while at low temperature and high concentration the dimer was detected,

too.

16
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The symmetry of a molecule is important for spectroscopy because it gives information
which vibrations can be observed. The symmetry el ements are merged in so called point
groups. Generally the Schoenflies notation is used for molecules.

k) Determine the point group (in Schoenflies notation) of acetone and the two consi d-

ered dimers. Use a drawing to sketch the respective symmetry elements.

The C=0 bond tends to form dimers. It can be detected by its stretching vibration. Fig.4
shows this region at different temperatures and concentrations. Fig 5 is the result of

theoretical calculations of C=0 stretching modes of acetone and its t wo considerable
dimers.
40 ' - L] L] D' L] L]
...... 23°C -1 mm imer
k 1721 J
3Bp....... 60°C - 1 mm \_\,‘
o L “
30 =~ - -60°C-0.5mm ;v Trimer -
140°C - 0.5 mm ;Y 1712
g 25 ; e, b
:E f * \-
@20} ‘ v .
I3 ] \
ST S [ - [ A

1800 1780 1760 1740 1720 1700 1680

Wellenzahl/cm™
Fig. 4: A region of the Ramgg spectrum of acetone at different temperatures and concentrations.
x 10

8 L] L] L] L] L] 1§ X

«=+© Monomer
t T —£] Dimer1 ]
6 b = =A Dimer 2

1F

A R -3

O I L o1 A I L I I
1800 1790 1780 1770 1760 1750 1740 1730 1720

Wave number/cm !

Fig. 5: Calculated wave numbers of acetone and acetone dimers

[)  Which of the two considered dimers is presu mably the real dimer of acetone ?

17



Problems Round 3 test 1 + 2

IChO
Internationale 6
ChemieOlympiade

EREEN

T A I 1

Problems Round 3

Test 1 Gottingen 20  14:  Problems 3-01 to 3-10
Test 2 Gottingen 20 14:  Problems 3-11 to 3-20

time 5 hours .
your name write iton every answer sheet .
relevant calculations write them down in  to 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 every thing written there will not
be marked .

problem booklet you may keep it.

Good Luck

18
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Useful formulas and data

DG® = DH® - T- DS° DG’= - DE-z-F DG’= - R-T-InK
- 0 _ - H0 -1 -1
DG= DG +R-T - In Q In (Kp 1/Kp,) = R (T - T2)
p-V=n- -RT for ideal gases and osmotic pressure
Nernst equation : E=E°%+ % In (C 0x/C Red)
for metals E=E°+ % In (c( Me* Ic®)
z
0 RO . 2-
for non -metals E=E" + e In ( co/c(Ni Me™)
- c(H")/c°
for hydrogen E=g°+ "9 (H') —
F (P(H2)/ p,)
withc ® =1 mol/L , p°= 1. 00°PA10
Rate laws 0. order C = C,o-k-t
1. order C = co ehl
2. order ct = k,t+c ot
Arrhenius equation: k = AF2ACRET) A pre-exponential factor
E. activation energy
Law of Lambertand Beer : A= e c-d A absorbance
e molar absorption coefficient
d length of the cuvette
C concentration
Transmission T= — Absorbance A=Ilg — with | Intensity
Speed of light c = 3.00BA10
Gas constant R=8.314JK ‘mol™
Faraday constant F = 96485 Cmol
Avogadro constant Ny =6.022 -10% mol *
Planck constant h = 6.62%6KkA10
p°=1.000-10° Pa latm =1.013-10° Pa lbar =1-10° Pa
1A=10 ®m

A periodic table was provided
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Third Round Test 1

Problem3 -01 Multiple Choice
With one or more correct answers even if the question is written in singular.
a) In an experiment magnesium reacts with a diluted solution of hydrogen chloride:
Mg(s) + 2 HCI (agq) ¥2- MgCly(ag) + H »(g).
By which measurement during the process of the reaction could the rate reaction
determined best?

B  the pHvalue C the concentra -

A th fM
the mass of Mg of the solution tion of MgCl

D thevolumeofH

b) Which of the center atoms in the following species obeys the octet rule?

A NO | B BH4 | c PCls | D BF; | E XeF,
¢) Which of the following statements about oxygen containing compounds is correct?
A KNOjs; is a salt without oxidizing ability.
B  Oxygenin PbO , has the oxidation number -1, thus it is a peroxide.
C Cand Siare in the same group so that both, CO > and SiO ,, are gaseous at 298 K.
D  The oxidation number of oxygen in OF 2 IS +2
E  H,0, has oxidizing ability but no reducing ability.
d) Ozone can be prepared from oxygen by silent discharge ( dielectric -barrier discharge )
in an ozonizer. 10 mL of oxygen give a mixture of 9.3 mL (at standard co nditions).

Which volume of ozone is formed?

A 035mL  [B 07mL  [C 1.05mL D 14mL [E  28mL

e) A colorless sample of a gas may contain CO 2, SO,, HCI and HI. The sample was
passed through a proper amount of chlorine water and reacted completely without
any gas left. Then the colorless solution was acidified and seperated into two test
tubes. Solutions of AQNO ;3 and BaCl ,, respectively, were added. In both test tubes a
white precipitate was found. Which of the following statements is correct?

A The sample contains CO ».

The sample contains SO .

The sample may contain HI.

B
C  The sample may contain HCI.
D
E

The precipitates in the test tubes may be AgCl and BaSO 4, respectively.
f)  Which of the following statements about halides and their hydrogen acids are co r-
rect?

A The order of electron affinity is F > Cl > Br > I.

The order of electronegativity is F > Cl > Br > I.

The order of acid strength is HF > HCI > HBr > HI.

B
C  The order of polarity of the molecules is HF > HCI > HBr > HI.
D
E

The order of amount of bond enthalpy is HF > HCI > HBr > HI.

20
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g) Each of the following five compounds contains 5 carbon atoms. Which of them has
the lowest boiling temperature?
A B C D E
HOH-C OH |’ //\\//\\\/OH //\\/\\/OH
7 h
0
Problem 3 -02 Stoichiometric Calculations |

1.000 g of a mixture of potassium chromate and potassium dichromate is dissolved in

water. The solution is filled up to 100.0 mL. A

20 mL of diluted sulfuric acid are added to 10.0 mL of this solution.
lons of iodide reduce both chromate as well as dichromate to form chromium(lll) ions

(Cr®") and elementary iodine (I

a)

The elementary iodine is titrated with thiosulfate solution (c = 0.100 mol/L)

2)-

Write down balanced equations for both reactions.

Consumption: 18.40 mL.

b)
c)

Determine the mass of potassium chromate in the original mixture.
Account for the fact that the mass of the added potassium iodide is given only

rou ghly without concern for the accuracy of the result.

1.00 g of magnesium oxalate (MgC
nitrogen. In doing so the mass of A is reduced as shown in the figure below. Compound

B and C are formed. It is

d)
e)

pproxi mately 0.5 g of potassium iodide

20,4 - X H,0, denoted A) is heated in a slow stream of

1,00

T 1T 1 1 1 1T T T°1

C) -
T 050 [ -
Q
2 L i
L & i
L R SO O SO S
0 500 T000
Temperature(C)
Write down the equation for the reaction B - C.

Determine x as an integer!

known that between 100°C and 250°C only water splits off.

and
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Problem3 -03

a) Use the "Valence Shell Electron Pair Repulsion Theory" (VSEPR theory) to predict the
structure of the following molecules and draw 3 -D structures:
PCly BrF; BrFs BF, SF, XeF,
Name the type of each structure.
(Example: The type of the SnCl 3 structure is AX 3E with A = central atom, X = li 0-
and, E = electron  pair)

The trigonal bipyramidal OsO  ,F;" cation exists under certain conditions.

b) Draw all possible geometrical isomers of this cation.

Problem 3 -04 Complex Compounds
The three compounds A, B and C form at room temperature white crystalline solids. In
all of these three compounds you find n(Pt):n(Cl):n( NH3) = 1:2:2.

A is soluble in polar solvents such as ethanol, while B is soluble in petroleum ether (a
mixture of hydrocarbons) and carbon tetrachloride.

A and B are non -electro lytes while C is a strong electrolyte.

One of these compounds is used in cancer therapy.

a) Draw the structural formulae of A, B and C.
b) Account for the fact that A dissolves in polar solvents, B in hon - polar solvents.

c) Write down the electron configur ation of the Pt %" ion.

Problem 3 -05 Alkali Metals
The metals of t he first group of the periodic table are very reactive.
a) Account for this fact. Which redox ability do they show?
Alkali metals (except for lithium) evaporate already at moderate t emperatures. Atoms
and diatomic molecules exist in the gas phase.
b) Show using an MO diagram that dimers of sodium may exist (take only the outer
occupied orbitals into consideration). Determine the bond order.
All alkali metals form oxides Me 2O, peroxides Me ,0, and hyperoxides MeO , (Me = alkali
metal). The stability differs from one alkali metal to the other.

c) Draw Lewis structures of the anions. Give an example for a system which is isoele c-

tronic to the peroxide anion.
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There are double oxides Me,O of potassium, rubidium and cesium in which peroxides are
found as well as hyperoxides.

d) How is it possible to describe Me 406, as a combination of these to oxides? (Example:
Fe;O, can be written as FeO - Fe  ,03.)

Oxides and hydroxides of alkali metal s are used as carbon dioxide absorbers by fire d e-
partments, at diving and even in astronautics. Lithium hydroxide saved the life of the
crew of Apollo 13 when there was too much carbon dioxide in their cabin.

e) Write down the equations for the reaction of the following compounds with carbon
dioxide.
i) LiOH i)  NayO, i) KO,

Lithium cations show a very small ionic mobility in water compared to the other ions (see

table below). In cation exchangers the adsorption of alkali cations occurs in the order
Li* <Na®™ <K* <Rb " < Cs ™. Cesium is added fastest, lithium quite slow ly.
Mobility of selected ions in water at 25 °C in 10 B m2s'ty'?
Ag”* ca* H* K* Na* Li* NH," | [N(CH 34" | RDb* Cs'
6.42 6.17 36.23 7.62 5.19 4.01 7.63 4.65 7.92 8.00
f)  Which property seems to be responsible for the different mobility of the ions me n-

tioned in the table? Give a reasonable explanation for the small mobility of lithium

cations in aqueous solution.

The following image shows the flow chart of the Solvay process. | n this process all rea c-
tion steps are attuned so many reagents are in a circular flow.
Limestone
Cac0, NaCl
CO,; + H,0
v
e | C O < H,0
v j - Calcination
CaO
NH.HEO, | NaHCO; = NayCO,
Filtrate
Hzo —- t v
$ NH; |[€=== NH,CI > CaCl,
Ca(OH), )
g) For which product is the Solvay process set up? Write an equation of the total rea c-

tion.
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The Solvay process is based on the pair of salts NaCI/NH 4HCOs, the position of  tis equi-
librium is used for a salt converting reaction. While NaCl is added to the process
NH,4HCO; is gained in the flow of the reactions.

h) Write down an equation of the equilibrium reaction of this pair of salts. Which pos i-
tion of the equilibrium is favored? Write an equation for the formation of NH +HCO3

using the information given in the flow chart.
i)  Write down the equation of the calcination reaction.

i) What is calcium hydroxide used for? Write a reacti on equation.

Problem 3 -06 Acids

A weak acid is dissolved in a buffer solution of pH = 8.8. The total concentration of the

acid is 2.0:10 "2 mol/L. The anion A " is coloured and has an absorbance coefficient of e=
21 L-mol *- cm ™ at the relevant wave length.

In a cuvette with d = 1.0 cm 60 % of the incoming light of the relevant wave length is

absorbed.

a) Calculate the pK , value of the acid HA.

20 mL of 3 -chlorbutanoic acid (c = 1.00 mol/L) is titrated with a solution of sodiu m h y-
droxide (c = 1.00 mol/L) until the equivalence point is reached.

b) Determine the pH value at the equivalence point.

c) Write down the appropriate indicator.

The indicator methyl orange changes its colour at pH ° 3.7.

d) Determine how much solution o f sodium hydroxide in the titration (in b) of 3 -

chlorobutanoic acid is necessary to change the colour of this indicator.

pK (3 -chlorobutanoic acid) = 4.05

Problem 3 -07 Qualitative Analysis

Seven test tubes contain diluted solutions of the following compounds: Ammonia, barium
nitrate, lead acetate, potassium iodide, copper sulfate, sodium hydroxide (10 %), silver

nitrate.

Reactions were carried out between these solutions. The observations are listed in the

table below.
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A B C D E F G
white white .
A - - - wrbidity | turbidiy | WH'te Pr
light
B yellow pr. light ye I- brown pr.
dis. low pr. - - DT: violet
vapors
C - Whlé?spr' white pr. white pr.
D brown pr brown pr. -
' dis.
E blue pr.
- DT: black
blue pr.
F dis.

pr. A precipitate was formed.
dis. The precipitate dissolved in an excess of one of the components.

DT Attitude when heated. - No visible reaction

March the substances listed above to the letters.

Write equations of each of the reactions

Problem 3 -08 Electrophilic Substitution

Methyl chloride reacts with benzene in the presence of aluminum trichloride to form

thyl benzene (toluene).

a) Completethe species Ato D in the following reaction schemes:

CH3X + AICI 5 A +[B "]

Band C,B and G, CandE,CandF,DandF, E
and G, F and G . Identify the aggregation state and the hydration using (s), (1), (9), (aq).

CH,
(8] + @ — ] = [C] = [C] —= © + D

Toluene reacts with a mixture of conc. nitric acid and sulfuric acid (nitrating acid) to form

a mixture of different nitrotoluenes with the following composition:
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2-nitrotoluene 63 %, 3-nitrotoluene 3%, 4-nitrotoluene 34 %.

b) Account for the different yields using the resonance structures during the different

possible ways of substitution and the influence of the methyl group.

4-Nitrotoluene reacts with nitrating acid.

¢) Which compound is predominantly formed? Give the name of the compound and the
structural formula. Account for the increased yield by using the directing effect of

the already present substituent.

4-Methylphenol reacts with bromine in the presence of iron(lll) bromide. A mixture of

products is formed, in which one compound preponderates.

d) Plot the structural formula and give the name of this compound. Account for the
higher yield (compared to th e other products) of the favored product.

Problem3 -09 Reactions of Esters

Ethyl propanoate (C sH;90,) can react in many different ways:

H,O/OH'
Ethylpropanoat ——

NH
Ethylpropanoat ——=—

S

T

LiAIH,

Ethylpropanoat —— U
Vv

Ethylpropanoat RMgX

(X=Cl, Br, I; R = Alkyl)
S, T, U and V represent the products generated from the propane unit.
a) Complete the compounds S to V. Write down the family of each of these compounds.

The hydrolysis of esters is a nucleophilic substitution reaction. Two typical intermediate

steps are
I
1. R,~C—OR, + OH — X
2 X —= v + Z
b) Complete the formulae of the compounds X', YandZ ' of the hydrolysis!

The reaction mechanism of the ester hydrolysis can be investigated by an isotopically
labelled oxygen ( *®0) in the ester group (R ;CO™ORy).

c) Which result of the investigation would back the formation of your intermediates in
b)?
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The ester ethyl -2-pentenoate (C ;H;,0,) reacts with lithium aluminum hydride dissolved
in ether followed by a reaction with water. Two products Q and R form. Compound Q
decolors a solution of bromine.

d) Write down the reaction equation of the hydration of eth yl-2-pentenoate! Give the
names of the compounds Q and R.

0
/ 1. LiAIH,

o 2H0

CH,4

The following lactone reacts with lithium aluminum hydride, too.

e) Give the structural formula and the name of W.

Problem3 -10 Isomeric Compounds
There are several kinds of isomers which can be classified into constitutional isomers and
stereoisomers. Furthermore stereoisomers can be s ubdivided into configurational iso-

mers (enantiomers and diastereomers) and conformational isomers (conformers).

a) Give an example of a pair of
i) constitut ional isomers, i) conformers,

iii) enantiomers, iv) diastereomers
b) To which category do cis -trans isomers (E/Z isomers) belong?

c) On the answer sheet there are the structural formulae of several compounds. Mark

all stereogenic centers with an asterisk (*).
To indicate the three  -dimensional arrangement (configuration) OH
of an enantiomer the R/S nomenclature is used in most cases. é
The compound shown on the right  has an R configuration. CI/ JH
CH,4
d) Write down the R/S rules which determine the R configuration of this compound.
e) Determine the configuration of the following compounds:
i) ii) iii) iv) V)
(‘:I C‘ZI H OH NH,
Cl=—C, —=Br : :
Conmny Conm, I H=—C—=COOH Hw=—C—=CH,
He ~ H H,C = C, —=OH : :
3 H,C : - :
C,Hs OH A CH, CN
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Third Round Test 2

Problem 3

With one or more correct

a)

b)

d)

9)

28

-11 Multiple Choice

answers even if the question is written in singular.

In which example does the (formal) oxidation state +VI occur?

| A Fey[Fe(CN) 6]z | B K,Cr,05 | C  CoAl,0, | D NayFeO, | E_ Cr(CeHe)
Which element does show flame coloration in the visible range?

A cu | B Ba [c Mg D 2zn [E As

In which compound in solid state do you find ions?

A FeCl; |B  BCl | C HgCl, |D znCl, |E  AgCl

All compounds below show an acidic reaction in aqueous solution. Which of them
does not react as a Bronsted acid?

A H,SO, | B HPO, [ C  H3BO; |D  H,siO, | E H,Cro,
Which compound does react amphoteric?
B Be(OH), |B CuOH), |C  Zn(OH), [D Ca(OH), | E Ba(OH) ,
In the Fehling probe a diluted solution of copper(ll) sulfate (Fehling 1) and a basic
solution of potassium sodium tartrate (Fehling Il) are used. Testing the following
compounds which of them leads to a positive reaction?
A B C D E
O
[ Il Il [ Il
C. PION Co e C
H™ ~OH H,C™ " OH HiC™ "H | H,c” “CH, “H

Which compounds can be gained from natural fats by saponification followed- trea

ment with acid?

A
o
|
OH
0
I
5 OCH,
0
I
c o' Na*
D E
HO /\A OH HOOC COOH
OH COOH
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Problem 3 -12 Smoking

In order to determine the amount of carbon monoxide in the smoke of cigarettes it is

oxidized by iodine(V) oxide. In doing so iodine is formed among others. The reaction

takes place in methanol. lodine(V) oxide forms a colourless, iodine a brownish solutio n.
The iodine formed in the reaction can be detected quantitatively by photometry.

Standard solutions are used to find the absorption coefficient.

Stand solution | contains 1.00-10 “ mol/L of I ,. The standard solutions II, lll and IV were
prepared in the  following way: 50.0 mL, 25.0 mL and 15.0 mL, respectively, of standard

solution | were given into a 100 mL volumetric flasks and filled with methanol up to the

calibration mark. The following results of the measur ement in a photometer and a 1 cm
cuvette were reported:

Standard solution I Il I v
Absorbance 0.89 0.44 0.23 0.13

a) Determine the absorption coefficient.

As shown in the figure 500 mL of smoke are taken
from a cigarette (p = 102.4 kPa, J =30°C)and

passed sufficiently slowly through an absorption bottle %":' §
with 100 mL of a solution of iodine(V) oxide in meth a-

nol. In the beginning the solution was colourless, in the

end it showed a brownish colour.

The absorbance of this solution was 0.69 ( under the same conditions as above).

b) Calculate the content (vol.%) of CO in the smoke of cigarettes.

Problem3 -13 Stoichiometric Calculations I

The following equation is usually given to describe the decomposition of manganese(ll)

nitrate:

Mn(NO 3), %- MnO, +2NO ,.

Actually the manganese oxide formed is not stoichiometric with an oxygen/manganese

ratio n(O):n(Mn) < 2.

In an experiment 52.04 % loss of mass was observed after heating manganese(ll) n i-
trate at 200 °C. '

a) Give the empirical formula of oxide formed i.e. determine x in MnO x- Which other
nitrogen containing gas besides NO > was formed in this reaction? Calculate the ratio

of volume of the gases formed.

! From Hungary National Competition 2012
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Cyanide can be determined indirectly by titration with EDTA. (EDTA = ethylenediamine
tetraacetic acid binds 1 mol of metal ion per 1 mol of EDTA.)

An exactly known amount of Ni 2

ions is added in excess to a cyanide ions containing
solution to react in the following way: Ni 4+ 4 CN "~ %- Ni(CN) 4*. Ni(CN) ,* does notr e-
act with EDTA while Ni  ** does.

In an analysis 20.0 mL of a solution of Ni 2

were added to  20.0 ml of a cyanide solution.
To titrate this mixture 21.3 mL of a solution of EDTA (c = 0.0100 mol/L) were needed.
In another experiment 17.1 mL of a solution of EDTA were needed to titrat e 10.0 mL of

the Ni ** solution used in the analysis.

b) Determine the concentration of CN " in the original cyanide solution.

Problem3 -14 Ring Flip of Chair Conformations

The chair conformation of a six membered ring is an important structural element o for-
ganic chemistry. The ring flip of a chair, which is a change in conformation, takes place
via different intermediate steps. The following potential diagram describes such a flip.

a) Apply the respective terms and conformations (drawing and respective letter) to the
empty boxes of the image on the next page.

b) Give a value of the activation energy E a for the chair flip. Which conformers can be
isolated?

Term : Term :

_5_%

|Term : | Term :

Fig: Potential diagram of the chair flip of cyclohexane
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Conformations:
A B C D E F
Terms: Chair, half -chair, boat, twist boat.

In an investigation to determine the activation energy of the chair flip of compound 1 the
'H-NMR signals of the two protons H 2 and H , were detected at different temperatures.

The chair conformations 1 -A and 1 -B are shown in the following figure:

: C%fm :
S % S
T — s

Hy (0]
Ha
1-A 1-B 1-B
¢) Fillin H 5 and H,, respectively, in the empty boxes of both presentations of 1-B (the
presentation on the right hand side is a rotated presentation of 1-B in the middle).

What happensto H , and H, in the process of chair flip?

Inthe 'H-NMR spectrum at 25 °C as well as at T 55 °C the two diastereotopic protons H a
and Hy of compound 1 offer one singletat U #%6.54 ppm. When the sample is cooled
down to T 84 °C two signals with a distance of 182 Hz are observed.

An excerpt of the spectra of the signals of the protons H 2 and H, at different temper a-

tures is given in following chart:

-55°C

-63°C

-65°C
-67°C

-71°C
-77°C
-80°C
-84°C
[TITTTTTIT I T TTTTITTTT [TTTTITTITTTTITITIT]
6,83 6,67 6,50 6,33 6,17
Ppm

Fig: *H-NMR spectrum (500 MHzin CD  ;0D) of 1 at different temperatures
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d) Account for this behavior at -84°Cand 1 55°C.

The rate constant  k(T) of the chair flip at different temperatures can be found by simul a-
tion processes using the shape of the NMR graph and the distance of the two signals.

Table: Rate constants k(T) achieved from simulation processes

J/°C 55 163 165 167 171 177 180

kis * 2000 540 400 356 200 70 40

The rate constant k(T) is the mean frequency of transition for the equilibrium
1-A = 1-B.

e) Draw a diagram In[(k/s  "')/(T/K)] against 1/(T/K) and determine the equation of the
graph.

The Eyring equation explains the reaction rate k of a chemical reaction depending on the
free standard Gibbs enérgy of activation §G

Eyring equation k=k g/ h A TV/RT e
with k g = Boltzmann constant, h = Planck constant
k = 2. 08gB o T/ KYY'RT respec tively
Ink/s *=2376+InT/IK - § GIRT (1)
ge@=0DH - T 08 2)

f) Det er mi hferthg Gairfipat -63°C.

Take In

7 = -6200 - E + 30.00 as the equation of the graph in e).

Problem3 -15

Given the following data for the dehydrogenation of ethane:
DG® 900 = 22.39 kJ/mol S° a00k (Ha) =163.0J-mol “L.K!
S°900K(ethane) =319.7 J-mol _1-K>l S°900K(ethene) =291.7 J-mol -l_K—l

a) Write down the reaction equation for the dehydrogenation.
b) Calculate K 990 for the dehydrogenation reaction at 900 K.
c) Determinethe enthalpy of hydrogenation [Hyy of ethene at 900 K.

d) What is the composition (in % of vol.) of the reaction mixture if you let ethane pass
over a catalyst for dehydrogenation? The total pressur e in equilibrium is 1013 hPa.
(If you could not solve b) take K pooo = 6.00-10 2)

e) Calculate K , at 600 K. Assume that the enthalpy of dehydrogenation in the interval
600 K O T O 900 K is independent of temperature.
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(If you could not solve b) take K pooo = 6.00-10 2 if you could not solve c) take a
DHyyg with | DHyya| = 140 kI/mol.)

f)  Compare the values of K, at 900 K and 600 K and give a short comment.

Problem3 -16 Iron

Given the reaction scheme on the next page.
a) Complete the reaction  scheme (only the iron species have to be filled in).
If necessary use the  excerpt from the electrochemical series:

| E°inV

Fe = Fe** +2e -0,44

s e YegSg+2e -0,14

Fe _— Fe® +3ef -0,04

H, _— 2H" +2¢' 0,00

2| _ I,+2e! +0,54

Fe®* _ Fe* +e’ +0,77

2cl’ _ Cl, +2e’ +1,36

Reaction scheme:
T SCN~(aq) T OH(ag) /A9INOs(aq)
+ e
—_— 67
S (a T CN™(aq) TCN(aq)
( Q) SE—(aq) C|2(g)
I"(aq) - Fe(s) ” H* HCI(g)
<4+—— Fe’'(aq) =———— Fe“"(aq) <— e
H202(aq)
SCN(aq) lOH‘(aq) l OH"(aq) loz(g) H,O(g) / AT
O3(g)
lF(aq)
Scheme taken from "  Allgemeine und Anorganische Chemie" (Binnewies, Jackel, Willner, Rayner -Canham),

published in Spektrum Akademischer Verlag, Heidelberg, 2004 Elsevier GmbH Muinchen.
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Potassium hexacyanoferrates(ll, Ill) are well known compounds of iron, in which iron is
octahedral coordinated. Often the common names yellow respectively red potassium
prussiate are used. One of them is thermodynamically and kinetically more stable.

b) Which prussiate should be more stable according to its electron configuration? Which
of them is a better oxidant? Account for your answers!

The photo shows two track layers using the the r-
mit welding process to bond railway lines.

c) Which mixt ure is used in this process? What
are the reaction products of this process?
Write down a balanced reaction equation.

Source of the image:
http://www.vol.at/gleisbaustelle -feldkirch -
schaan -am -samstag -fertig/3620704

If iron(l11) chloride is dissolved in water the solution reacts acidic.
d) Give reaction equations which explain this fact.
There are three different modifications of iron, which can be converted into each other

by changing the temperature. a-lron crysta llizes with abody -centered cubic pattern, (o3

iron has a cubic close packed structure.

e) Draw the images of unit cells of these two structures and determine the number Z of
iron atoms in each cell.

The different packing should cause different densities of a- and giron.

f)  Calculate the density of iron in both structures using r(Fe) = 126 pm as average

radius of iron.

Problem 3 -17 Electrochemistry

1.40 g of pure lead(ll) sulfate was added to 150 cm? of water and stirred until the equ i-
librium is installed above the deposit of lead(ll) sulfate at the bottom.

Then a lead electrode and a reference electrode (E %ref = 0.238 V) were inserted. The
voltage measured amounted to gE =0.478 V (T = 298 K).

a) Calculate the solubility product of lead sulfate.

The same sample of lead sulfate was not given into water but instead into 150 cm of

sulfuric acid with pH= 3. Assume for simplification that sulfuric acid protolyses totally.
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(Use in this part of the problem Kg, =2.00-10 ® as solubility product of lead sulfate.)

b) Which voltage between the lead electrode and the reference do you expect?

E°(Pb/Pb #*) = -0.126 V

Problem3 -18 Analysis of an Organic Compound

The following plots  on the next page  show the mass spectrum and the 'H NMR spectrum

of an unknown compound X.
a) Determine the formula of X.

b) Which fragment s of X are represented by m/e = 45; m/e = 31 and m/e = 29?

c) Assignthe signalsinthe  'H NMR spectrum to the respective H atoms of substance X.
1007
80{
5 60
2 1
@ i
< 407
= Mass spectrum of X (m/e = 46 is the
T gl molecular peak)
1 Source: NIST Chemistry WebBook
1 ‘ ‘ | | i ‘ ‘ (http://webbook.nist.gov/chemistry
10 2‘0 3‘0 4‘0 50
m/z
r 1 1 11T " 1T 1 T " 1T ™ 1T 1T "1
11 10 3 8 7 & 5 4 3 z 1 o]

PR
'H NMR spectrum of X in CDCI 3. Source: SDBSWeb : http://sdbs.db.aist.go.jp (National Institute of
Advanced Industrial Science and Technology, 27.01.14)
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There is a structural isomer Y of compound X .
d) Whatis compound Y? How many signals with their multiplicity do you expect in a

'H-NMR- Spektrum of  Y? (Do not state the chemical shift!)

e) How many signals of the following 8 compoundsina HNMR spectrumdoyoue x-

pect? (Do not state multiplets!)

i) i) i) iv)
CH;— CH,CI CH;— CHCI—CH, CH;— CHCI— CH,CI CH;— CH,— CH,CI
V) Vi) vii) viii)
H,C H H,C H cl H H,C H
/ \ / \ / /
c=cC cC=cC c=cC c=cC
/ \ / \ / \ / \
H,C H Br H H H H CH,
Problem3 -19 Radical Addition to Alkenes: Polymers

In the radical addition to alkenes to form polymers you may distinguish three steps:

Initiation:
H H H H
\ / | |
Rt + C=C —= Rfc‘:fcl:ﬂ
H H H H

Propagation:

(L N
R—C‘Z—Cllﬂ +n /C:C\ — A
H H H H
Termination:
2A — B or 2A — C+D

a) Write down the structural formulae of A to D.

Dibenzoyl peroxide is used to initiate the polymerization of ethene

Benzoyl peroxide
b) Write the equation for the initiation reaction and the first step of the propagation.

c) Show the monomer units you would use to prepare the following poly mers:
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OCH, OCH,8 OCH,8
i WLCHZ—CH—CHZ—CH—CHZ—CH
\ n
i *ECHZ‘QCHZ—CHZ‘QCH2—0H2‘©7CHZ%
mn
¢ ¢ ¢ ¢ oc c
ii) %CH—CH—CH—CH—CH—CH%
n

The polymerization of a substituted vinyl monomer can lead to a polymer with numerous
chirality centers. The polymer having all substituents on the same side of the zigzag

backbone is called isotactic, the one in which the substituents alternate regularly on o p-
posite sides of the backbone is call ed syndiotactic, and the one having the substituents
randomly orientated is called atactic.

The monomer propene f  orms polypropylenes the properties of which differ depending on
the tacticity: Atactic polypropylene dissolves in heptane but isotactic polypr opylene does
not.

d) Draw 3 -D structures of isotac tic, syndiotactic and atactic polypropylene.

(Hint: —= ) front of the paper plane, i pehind the paper plane ).

1,3 -Butadiene polymerizes in two different structures with a regular sequence of the
structural units.

e) Draw the structural formulae of both polymers.

Problem 3 -20 Reactions of Aldehydes and Ketones

Given the following reaction scheme S.

OH
o)
I c CH,NH,
C\H A
+ HCN — A
OH
d COOH
a)
Draw the structural formulae of the comboun ds A and B and of the reaaents candd .
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b) Name the kind of reaction for the formation of A starting with benzaldehyde.

Show the reaction mechanism using structural formulae and arrows which show the

movements of the electrons.

Alcohols, too, react with aldehydes and ketones. At first hemiacetals are formed and

then acetals: . .
H H
s —>  acetal

Aldehyde/ketone + alcohol hemiacetal

The formation of an acetal is performed in several

0
I H*
R—C—H

steps:

+ R'OH

Hemiacetal L + H*

+H*

OR'
X | +R'OH
H* + R—C—H N M
| i H,0
OR'

c) Complete the structural formulae K to N.

d) How can the equilibrium of the synthesis be shifted to the formation of the acetal?

Alcohols with more than one - OH group like glycerol (propane -1,2,3 -triol) react with k

tones to fo rm acetals, too.

e) Write down the equation for the reaction of acetone and glycerol.

Consider the following reactions of benzaldehyde:

I 1. NaBH,
C\
H 2.H,0
o]
o}
I
C
“H NH,OH / H*
P
o]
I 1. H,CMgBr
C\ +
H 2.H,0/H
Q
o}
I 1. N,H,
C\ i
H 2.0H' /DT
R
i Ny, i H,0
o}
I
C
“~H NaOH
2 S + T
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Problems Round 3 Test 2

f)  Draw the structural formulae of O to T.

The last reaction of €) when benzaldehyde reacts to S and T is an example for a Canniz -
zaro reaction. In this reaction carbon disproportionates. Aldehydes without a hydrogen
atom in a position react in this way.

The first step of the Cannizzaro reaction gives a tetrahedral intermediate.

g) Show the mechanism of the Cannizzaro reaction taking the given example of benza I-

dehyde. Use structural formulae and arrows which show the movement of the ele c-
trons.
h)  Account for the reason why carbonyl compounds with hydrogen in & position do not

undergo a Cannizzaro reaction.
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Problems Round 4  (theoretical )

Fourth R ound (theoretical problems)
(A periodic table and  the same list of formulae and data as in  the third round were provided)
47 1 Structure of Solids

There are two close -packed structures, cubic and hexagonal. Two layers of these stru c-

tures are shown below:

close - packed cubic close -packed hexagonal
a) Complete the plots on the answer sheet by adding three adjacent spheres ( , ) of the
next layer.

Besides the close -packed structures there are two more packings of spheres in which
metals crystallize. The elementary cells of the three cubic packings are plotted in the

table below.
Elementary Denotation Coordination Metal atoms
cell number per cell

b) Complete the missing data !

Close -packed structures do not only play a prominent role in the structures of solid me t-
als, they also can be used to derive the structures of many salts. For example, one kind
of ions forms a close -packed structure while the counterions are arranged in the octah e-

dral and tetrahedral interstices.

c) Draw a tetrahedral and an octahedral in terstice into the given structures on the a n-
swer sheet.
d) How many tetrahedral and octahedral interstices do you find in a close - packed cubic

structure with n spheres?
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