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Solve all or some of the four problems given on the next pages and write your answers in MS
Excel answer sheets provided. If there are some explanations required, write them in English or
Russian. Please, send your answers to: kimijas olimpiades@inbox.lv till 28.12.2009. at 24:00.
Answers which will be sent after this time will not be graded. Write all the answers in one workbook
but in different worksheets for each problem. You should fill in the green spaces provided.

File name must consist from your name, surname (in English) and country, for example
John_Black_England.xIs (or *.xlIsx). If you do not name the file as described you will receive 3 point
penalty. For all correctly solved problems you can get the maximum of 30 points. The exact amount
of points for each task is given at the top of each problem.

All students who will be taking part in at least one round will participate in the final round which
will be held on the web on 27" of February. During the final round you will have to solve the multiple
choice test.

Authors for problems in this round:
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Kaspars Veldre Vladislav Ivanistsev Bernardas Morkunas
PhD student, PhD student, 3™ year student,
University of Latvia, Tartu University, Cambridge University
Department of Institute of Chemistry

Chemistry

Karina Kizjakina Agris Bérzins Mihails Arhangelskis Toms Rékis
PhD student, MS student, University 3" year student, 1% year student,
Virginia Polytechnic  of Latvia, Department of Cambridge University University of
Institute and State Chemistry Latvia,
University, Department of
Department of Chemistry
Chemistry

Good luck with problem solving! ©

If you have any questions, address them to us in English and send them to: kimijas _olimpiades@inbox.lv
Feel free to ask!
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Problem 1 (Latvia’)
Unknown highly flammable gas (6 points)

Compound A is a colorless highly flammable gas containing 21.7% of
Hydrogen by mass (use atomic masses with one decimal place). It undergoes
pyrolysis at temperatures above 100°C. The process is very complicated, but the
first steps can be described by the following equations:

A fast s Z{B}
A+{B}—=—{C}

{C} rate determining step sD + H2
{B}+{D}—E
A+{D}>{B}+E>F +H,

Compounds in brackets {} are unstable intermediates.
1) What is compound A? Draw its structure and describe the bonding in its molecule.

2) Determine the formulae of compounds B —F.
3) Atroom temperature B dimerises into A. Why does not B exist in monomer form?

* There will be two Lithuanian problems in next round.



Problem 2 (Latvia)

Chemistry of Ice hockey (14 points)

The ice hockey definitely is most popular sport in Latvia, only then
come basketball, soccer and others. The highest point of fan activity is in
each year’s May, because then Latvian national ice hockey team
participates in World championship, division A.

Starting from 2008 year Riga has hockey team Dinamo Riga which
participates in Continental Hockey League (KHL) championship so fans

can enjoy hockey game almost all year. Home games of Dinamo Riga are Martin Prusek (Czech goalkeeper) and
played in Arena Riga which lies only half mile form Department of  Sandis Ozolins (#8, only Latvian who has
Chemistry, University on Latvia. won Stanley cup) in forms of Dinamo

K look h hich d i | Riga, 2009-2010 KHL season
Let’s take a look to things which we need if we want to play ice n

hockey.

The first thing we need is ice. In modern rinks ice are produced by
pipes spraying thin layer of cold water on concrete (pictured). Then this
thin layer is painted white (for better contrast) and all necessary
markings and logos are painted on it. Then another layer of cold water
is sprayed on it. Thickness of ice is approximately 2-3 cm.

1. Let’s assume that ice thickness in arena is 2.5 cm. Calculate how
many liters of water you can gain if you melt down one ice hockey rink which corresponds
to International hockey rules and one ice hockey rink which corresponds to NHL rules! Use
any appropriate information source for searching for size of rinks and other info.

2. Water enthalpy of fusion is 333.55 J/g. Calculate how much heat is required to melt down
international ice hockey arena. If price for electricity in Latvia is 0.0743 Ls per kW-h, then
how much it will cost?

3. How does change in pressure affects melting of ice? Explain your answer using Le
Chatellier principe. Please write your explanations in English.

4. Compare heat of fusion for water with heats of fusion for other liquids such as benzene,
pentane, acetone and ethanol, explain differences according to bonding. Please write your
explanations in English.

5. When heat is added to water it can be evaporated. Sketch the graph showing temperature
change against heat added.

6. The normal boiling point of water is: (chose one the most correct answer)
a. 100.00°C at any conditions
is the temperature at which the vapor pressure is 1 atm
is the temperature at which liquid and vapor are in equilibrium
is the temperature at which the vapor pressure equals the external pressure
is the temperature at which there is a continuous formation of gaseous bubbles in
liquid.

n Qoo

7. The vapor pressure of given liquid will increase if: (chose one the most correct answer)
a. theliquid is moved to a contained in which its surface is very much larger

the volume of liquid is increased

the volume of vapor phase is increased

temperature is increased

a more volatile liquid is added to the given liquid.

can T

8. How does change in pressure affects boiling of water? Explain your answer using Le
Chatelier’s principle. Please write your explanations in English.



AH
9. Change of pressure over temperature can be calculated by equation p = p, - € X7, where
p — pressure; p, — constant, R = 8.314 J/(molK), AH — enthalpy of vaporization, T —
temperature (in K). Use any method to determine p, and AH as precise as you can if such
thermodynamical data are given:

Pressure, kPa | Temperature, °C
Triple point of water 0.6117 0.160
Normal boiling point 101.325 100
Critical point 22060 373.946

Show your calculations!

After 1°* and 2" period of hockey game ice washed and cleaned for next /i
part of games. Washing process removes any foreign material that might
otherwise become embedded in the ice surface. At the rear of the conditioner, a sprinkler
pipe wets a cloth towel that lays down clean water to fill the residual grooves, and forms a
new ice surface. Hot water (60°C) is frequently used where available because it melts and
smoothes the rough top layer of ice to create a flat, smooth surface. This water in many rinks
is filtered and treated before being heated to remove any residual minerals and chemicals in
the water. These chemicals and minerals could otherwise make the ice brittle or soft, give it
pungent odors, or make it cloudy.

10. How do chemicals and minerals dissolved in water affect temperature of freezing? Use
Raul’s rules to explain this. Please write your explanations in English.

11. Calculate temperature of freezing for tap water which contains sum of calcium sulfate and
magnesium sulfate equal to 1.5 mmol per L.

12. Write molecular and net ionic equation which can show how to reduce number of Ca** and
Mg** in water!

The second thing you need is skates. It is made out of carbon steel rather than stainless
steel. Goalie skates differ from regular hockey skates. The blade is longer, wider, and flatter
to provide the goalie with more stability. The blade is shorter vertically so that the
goaltender is lower to the ice.

Iron can exist in more crystalline forms. The crystalline form of iron, known as a-Fe, has a
body centered cubic (bcc) unit cell with an edge length of 2.87 A. Its density at 25 °C is 7.86
g/cm®. Another — higher temperature - crystalline form, known as y-Fe, has a face centered
cubic (fcc) unit cell with an edge length of 3.59 A.

13. Calculate the atomic radius of iron in a-Fe and use the above facts to estimate Avogadro’s
number.

14. Calculate the atomic radius of iron in y-Fe as well as the density of y-Fe.

15. Calculate radius of largest atom which can be inserted in holes of a-Fe and y-Fe. How
much oversize in both cases is a carbon atom, having a radius of 0.077 nm?

Next thing we have to use for hockey game is stick. Traditional . -
sticks were usually made completely of wood, most modern sticks are ﬁ.{‘.” - P
reinforced with graphite and material X (pictured) and the paddle and ; i
blade are injected with foam to make them lighter.

X-ray fluorescence spectra for material X is given in next page.
Knowing that each spectral lines can be calculated by equation E=a *
z + b, where E — energy of spectral line, keV; z — position in spectra
from edge of paper, cm; a and b — empirical constants. Using given
spectra and table of spectral lines for heavy elements answer
questions 16.-17. A spectrum is obtained by x-ray fluorescence
spectrometer S8 Tiger Bruker, University of Latvia, Department of
Chemistry.
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Table of spectral line energies
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X-ray fluorescence spectra of material X:
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16. Which is the most abundant chemical element in material X?
17. Determine the qualitative composition of material X. What is material X (in English)?

18. A material X has no exact melting point. What does it mean about solid state structure of
X? Explain. Please write your explanations in English.

19. The most abundant element in material X is widely spread in nature. Write formula for
compound Y containing this element which is the most abundant form of mentioned
element in nature. Draw structure for this compound in solid state and determine
coordination numbers for all elements in this compound.

20. Write equations for reactions which show how to obtain pure elements starting from
compound Y.

The fourth thing in hockey play we need is the puck. Hockey puck
is made from vulcanized rubber and its parameters are: 25 mm thick,
76 mm in diameter and it weights 160 g. Normally rubber is made
synthetically from isoprene by free radical polymerization with 86 %
yield. In synthesis benzoyl peroxide is added to mixture. In synthesis
polyisoprene forms with molecular weight 100 000 — 1 000 000
g/mol (in your calculations assume that it is 250 000 g/mol). It was
determined, that hockey puck contains 10 % of sulfur.

21. Write down structures of isoprene and benzoyl peroxide.

22. What role in synthesis benzoy! peroxide has? Write down
reaction mechanism for its conversation.

23. Write down mechanism of synthesis of polyisoprene in these conditions by showing
precisely all steps: a) chain initiation, b) chain growth and c) chain termination.

24. By assuming all given information, calculate how much isoprene is necessary for this
reaction.

25. By assuming all given information, calculate how many macromolecules form one hockey
puck. How many sulfur atoms has per one macromolecule? How many sulfur-sulfur bonds
form one macromolecule? Calculate how many monomers there are per one sulfur atom?

26. By assuming all given information, calculate the volume of one macromolecule. Volume
for what actually is calculated in this way?

27. Show the sulfur binding in this hockey puck for three bonded
macromolecules.

The fifth and today the last thing we need is masks (introduced
only in 1959 by Canadian goalkeeper Jacques Plante, Montreal
Canadiens, NHL). Nowadays there are no players to play without mask
(it is prohibited). 1** type of masks was only in from of face, 2" type is
helmet-cage type mask nowadays used only by some goalkeepers
(among them Martin Prusek from Dinamo Riga, pictured at the
beginning) and 3" type of mask with a cage attached in the middle is
used by most of goalies (pictured Edgars Masalskis representing
Dinamo Riga, Latvian National team). The last type of masks is
thought to be safer. It is made from fiberglass and material Q.

This material is synthesized in solution from the monomers para-phenylenediamine and
terephthaloyl chloride in a condensation reaction yielding compound W as a byproduct.

28. Write equation for synthesis of material Q. What is the name of it? What is compound W?

29. What makes material Q so strong? Explain it from point of chemistry by drawing
corresponding structure.

30. Concentrated sulfuric acid is used for synthesis of compound Q. Explain why sulfuric acid is
necessary for this synthesis (take in account at least two reasons)? Please write your
explanation in English.



Problem 3 (Estonia)

Everyone loves spectra

Colour of a firework or a flame in a flame test is an
evidence of photon emission at frequency range 430-750

THz. Let’s find out how emission happens in alkaline
elements atoms.

When the electrons in the atom are excited (by heating for
example), they jump to higher energy levels. As the electrons fall back
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down, energy is re-emitted, the wavelength of which refers to the
discrete lines of the emission spectrum. The photon energy due to an

N w
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electron transition between an exited atomic level k (of energy E;) and a
lower level i is AE = E; - E; = hv = hc/A, where v is the frequency, and A
the wavelength. Since a photon carries energy and angular momentum
(1 unit), any electronic transition from one allowed energy level to

another must conserve energy and angular momentum for the atom- 2%

photon system. These restrictions are known as selection rules and they
are, AS=0,AL=%1,and AJ =0, 1, with J=0to J = 0 forbidden. Allowed
transition between electronic states in alkaline elements atoms obeys

Energy level diagram

these selection rules.

1. Schematic presentation of energy levels — energy level diagram, is shown. Mark allowed
transitions by arrows which lead to 2s and 2p configurations.

All the allowed transitions may be easily calculated, if electronic configuration energies are known.
Persistent lines in the visible spectrum of alkaline elements mainly due prior to transitions from np®
or (n + 1)p* to the ns' configuration. The energy of corresponding levels of an upper electron may be
obtained by: E = —13.6-282ff /n2 , Where Z.. Value of Li ionization energy (5.3917 eV) may be used
to estimate Z.(2s). Z.ss of electron on 2p and 3p levels in Li atom is 0.25 and 0.75 bigger than Z.x(2s)
respectively. Z.#(ns) in other alkaline elements atoms increased by 0.485 in the transition to the next
period. Similarly Zg (np) and Zeg ((n + 1)p) increased by 0.389 and 0.114."

2. Calculate photon wavelength due to an electron transition between np or (n + 1)p and ns
levels of alkaline elements from Li to Cs.
Calculated values may be now used to predict the colours of the alkali compounds in firework or
flame. Assume, that calculated values are overestimated; they are higher, than experimental data by
100 nm in average.
3. Invisible spectra of Li is another persistent line (610 nm). Which transition does it belong to?

4. Compounds of which alkali elements give colour to yellow, red and violet firework?

' These simplified data were adjusted based on photon wavelength values from the experimental spectra.



