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EUSO
Preface
This book contains the ten multidisciplinary integrated science tasks performed by
the finalists at the 2008 – 2012 European Union Science Olympiads (EUSO). Students carried out the experiments in teams consisting of three science experts each.
These tasks were developed by scientists and teachers from universities, colleges
and schools in and around Nicosia, Cyprus; Murcia, Spain; Gothenburg, Sweden;
Pardubice, Czech Republic and Vilnius, Lithuania. They cover such diverse topics
as energy from light, silk, fruit juice, properties of water, crime investigation, beer,
lenses, amber and space exploration. In addition to a detailed description of the
experiments carried out in the tasks, including a list of the necessary equipment,
this book also provides the answer sheets and model solutions.
We believe that this book will be a valuable resource for students, teachers, researchers and people involved in the organization of other Olympiads by providing
challenging interdisciplinary science experiments that cover relevant and motivating topics.
Ideally, each experiment should be performed by a team of at least three students
having some expertise in biology, chemistry and physics. The EUSO students, all
sixteen years of age or younger, performed these experiments in teams of three,
under strict examination condition and in less than four hours. The scores achieved
are recorded in the respective chapters, making it possible for other students who
undertake these tasks to compare themselves with the best young science students
within the European Union.
We would like to take this opportunity to express our warm and sincere thanks to
all the academics, teachers and technical assistants, listed under “Local Team” who
spent long hours putting these
tasks together. Having painstakingly and over a long period
of time constructed and tested
each task, the authors presented
them to the EUSO mentors who
examined, inspected, dissected
and changed each of them to
ensure their suitability and appropriateness for the EUSO students. The tasks presented here
are the final outcome of this
long process.
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The EUSO could not take place without the generous support of ministries, universities, sponsors, volunteers, as well as many others to whom we express our
gratitude. We would also especially like to thank the digital media designers Mrs.
Sonja Dierk and Mrs. Verena Hane at the Leibniz Institute for Science and Mathematics Education (IPN) at the University of Kiel, who worked tirelessly to complete
this book on time as well as the organizers of the EUSOs 2008 – 2012 for additional
material and final corrections. The financial and infrastructural support provided
by IPN and the Federal Ministry of Education and Research in Germany is also
recognized.
Volume 3 of this series containing the ten experiments from EUSO 2013 – 2017 is
already in preparation.
Stefan Petersen & Michael A. Cotter
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Introduction to the EUSO
Parts of this introduction are adopted from the first volume, Challenging interdisciplinary science experiments: Volume 1 – Tasks of the European Union Science Olympiads
2003 – 2007, edited by M. A. Cotter & S. Petersen (Münster: Waxmann). For reasons
of integrity, we nevertheless deemed it worthwhile to repeat some remarks about
the history and the general structure of the competition.

Brief history
The European Union Science Olympiad – EUSO – was founded by Dr. Michael A.
Cotter, Dublin, Ireland in 1998. The concept of a science competition for young
EU students, a new vision of a science Olympiad, resulted from his experience
at the International Science Olympiads in Biology (IBO), Chemistry (IChO) and
Physics (IPhO) which were originally established in the 1960’s (IChO & IPhO) and in
1990 (IBO) within the Eastern and Central European socialists countries, commonly
referred to as the Soviet Bloc countries. At these annual July Olympiads, students
from over 70 countries, who usually are in the final year of their second level education, compete as individuals.
The EUSO is different in respect of student age, science content, time of year
and format. The EUSO complements and does not compete with the existing
Science Olympiads. In contrast to the aforementioned competitions, the EUSO
is a three-member team competition and the tasks focus on integrated practical
tasks, incorporating elements of biology, chemistry and physics in approximately
equal proportion. Each participating EU-country is invited to send two (three at the
first two EUSOs) student teams to the event as well as three mentors whose duty
is to discuss and translate the problems and their solutions as well as mark their
students’ papers.
The first EUSO was held in Dublin in April 2003 with 42 students and 27 mentors
from seven participating countries. Two challenging experimental team tasks, prepared by the local Scientific Committee from DCU, were scrutinized, accepted and
translated by the mentors before being tackled by the students.
The delegates enjoyed the experience and in addition to solving the tasks, took
part in social, cultural and educational programmes resulting in long lasting friendships being established. The first EUSO was very successful and the EUSO has been
held annually in an EU university city since, with growing numbers of participating
countries (see tables 1 & 2). Today nearly all the countries present in the European
Union participate in the EUSO.
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Table 1: Hosting countries of the EUSO 2003-2012 with numbers of participating countries,
observers and student teams. The number of participating students is three times the
number of teams

EUSO
1st

Date

Venue

Number of
participating
countries

Number
of teams

6 – 13 April 2003

Dublin, Ireland

7

14

2nd
2 – 8 May 2004

Groningen 2004

Groningen, Netherlands 7 (+ 8 Observers)

19

3rd

4th
NI
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EUR

EUSO
B

R

US

0
SELS 2

Galway, Ireland

10 (+1 Observer)

18

2 – 8 April 2006

Brussels, Belgium

12 (+1 Observer)

23

25 March – 1 April 2007

Potsdam, Germany

16 (+2 Observers)

29

11 – 17 May 2008

Nicosia, Cyprus

18 (+2 Observers)

33

28 March – 5 April 2009

Murcia, Spain

21 (+ 2 Observers)

40

11 – 17 April 2010

Gothenburg, Sweden

21

42

06

5th

6th
eus

14 – 21 May 2005

2008

7th
MURCIA

8th

9th

10th

10 – 16 April 2011

Pardubice & Hradec
20 (+1 Observer)
Králové, Czech Republic

22 – 29 April 2012

Vilnius, Lithuania

10

22

40

44

Greece

Czech Rep.

13

11
France

26

Romania

25

2008

24

Portugal

Bulgaria
Hungary

Austria

21

23

Slovenia

20

2007

22

Luxembourg

19

2006

Lithuania

Denmark

2005

18

..

2004

17

16

Poland

Slovakia

12

Malta

Latvia

11

15

Estonia

10

14

Cyprus

9

2003

8

7. United Kingdom

6. Sweden

5. Spain

4. Netherlands

3. Ireland

2. Germany

1. Belgium

Table 2: Participation of countries at the EUSO 2003 – 2012. It is customary that a country
observes the competition in the year prior to full participation

2009

Italy

.

2010

.

2011

Did Not Attend

Observed

Joined EUSO

2012

EUSO

EUSO

Out of the 27 member states of the European Union in 2012, all but one took part in
the EUSO within the last ten years. It is worthwhile noting that by now also Finland
and the new EU member state Croatia are part of the EUSO family. A remarkable
success.
The methods for selecting the student teams in each country vary greatly among
the participating countries. A team’s performance hinges on two key factors. Firstly the team members’ expertise in the natural science subjects biology, chemistry
and physics and secondly their ability to combine their skills to effectively tackle a
challenging interdisciplinary science task. Therefore, the two main approaches for
team selection are either to select individuals by their performance in one or more
science areas and merge them into a team or to place a stronger emphasis on team
interaction by comparing preformed teams of students and selecting delegations
amongst them. To make this more tangible, examples of national EUSO competitions are presented in the Appendix “National EUSO selections”.

General structure of the competition
The EUSO is carried out each year over a seven to
eight days schedule which includes two half-days of
competition for the students. Before the test days
the mentors discuss, agree and translate the tasks
into their students’ native language. In addition,
many opportunities are provided for interaction
among the delegates including social and cultural
activities. The table on the next page gives an overview of the main parts of a typical schedule.
On arrival day all delegates are met at the airport or station by a reception party and
taken to the hotel. Since the students follow a different schedule to their mentors,
a student guide is allocated to each delegation who also takes part in all student
activities and sees to all the needs of the teams. During an informal dinner, mentors
renew old friendship and students mingle and get to know each other.
The Opening Ceremony on the next morning is usually presided over by officials
from the ministries, universities and other institutions involved in the organization
of the competition. Each participating delegation is introduced and the EUSO is
declared opened.
While the students take part in an activity, the mentors inspect the laboratories,
equipment and materials set up by the Scientific Committee of the host country
for next day’s examination. Each team is usually assigned one workbench and the
material is grouped according to the specific subtasks.
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Table 3: Sample EUSO schedule. The event usually starts and ends on a Sunday. The student
teams are divided into teams A and teams B

Time
Day 1

Day 2

Students

Mentors

all day

Arrival of delegations and welcome dinner

morning

Opening ceremony
Activity

Visit of laboratories
General assembly meeting
Discussion Task Day 1

evening

Demonstration of laboratory
equipment

Discussion and translation Task Day 1

morning

1. Task (Team A) / Activity (Team B)

afternoon

1. Task (Team B) / Activity (Team A)

afternoon

Day 3

Dinner / students & mentors meeting
evening
morning

Day 4

Governing Body meeting
Mentors receive copies of Task Day 1
General assembly meeting
Discussion Task Day 2

Activity

afternoon
evening
morning
afternoon

Discussion and translation Task Day 2
Demonstration of laboratory
equipment

Discussion and translation Task Day 2
Correction Task Day 1

2. Task (Team B) / Activity (Team A) Exchange of marks for Task Day 1
2. Task (Team A) / Activity (Team B) Activity

Day 5

Social evening
evening

Mentors receive copies of Task Day 2
Correction Task Day 2
Exchange of marks for Task Day 2
General assembly meeting

morning
Day 6

afternoon

Activity
Moderation of test results

evening
morning
Day 7

Day 8

Activity

General assembly meeting
Determination of awards
Presentations by future host countries

Activity / free time

afternoon

Closing ceremony

evening

Farewell party

all day

Breakfast and departure of delegations
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After returning to the hotel the Scientific Committee
presents the first task, Task
A, in English and the mentors
discuss all aspects with them
including content, phrasing, suitability and marking
scheme until a final English
version of the task, the answer sheet and the grading scheme is agreed upon.
When finalised the mentors
translate the task and the answer sheet into their own languages. An English version of the test paper is also
made available to each team.
Meanwhile the students are given an opportunity to experiment with equipment
that may be unfamiliar to them such as specific calculators, multimeters, photometers, vernier callipers or any other equipment to be used in completing the task.
On examination day each student team is given the envelope containing their own
language version of the tasks, the English version and general instructions for working on the task. An example of such general instructions is given in Fig. 1.
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General instructions
1. Wear the supplied laboratory coat at all times in the laboratory.
2. Disposable gloves and protective goggles must be worn when working with
chemicals.
3. It is not permitted to eat or drink in the laboratory.
4. The lab assistant’s directions are to be followed at all times
Instructions for the completion of the task
• You may complete the tasks in any order, individually or as a group.
It is recommended to divide the work between the team members.
• All results must be entered into the answer sheet.
Only one signed answer sheet version per team can be handed in and
assessed.
• All used papers with data and graphs including rough work have to be
handed up at the end of the experiment.
• When you are requested to have one of your results verified before
continuing with the next stage of your work, points will only be allocated if
the results are in fact verified by the lab assistant.
• The Task consists of 4 individual subtasks which yield the following
maximum marks
Task A.1
Task A.2
Task A.3
Concluding questions

30 Marks
30 Marks
30 Marks
10 Marks

• You have 4 hours of time to work on the task.
Figure 1: General instructions for EUSO examination. Adapted from the EUSO 2007.
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To make best use of limited laboratory space
and equipment the A teams take the task in the
morning and B teams in the afternoon. On the
second examination day the teams are reversed.
The answers expected from the students are
mostly language independent such as numbers,
graphs, illustrations or box ticks.
The completed test papers are collected and
the final answer sheets copied for assessment
by the mentors. In parallel the Scientific Committee also marks the students’ work according
to the marking scheme. At an agreed time the
mentors of a country and the Scientific Committee exchange their marks given to the teams of
that country.
Discrepancies in the marks are examined during a
process called moderation where the individual
country mentors meet the Scientific Committee to
discuss their teams’ scores before the final results are
accepted. On the day of the closing ceremony, the
numbers of medals to be awarded are determined
at a meeting of the mentors and the Scientific Committee. At this stage, the mentors are not shown the
actual results of the teams but rather a list or graph
of numbers reflecting the ranking and differences
between the team results. This is usually arrived at
by adding a constant unknown to the mentors to
the results and then multiplying by a factor which
also is not disclosed. Another way to achieve this,
is to present a rank-score graph with unlabelled ordinate. In this way the mentors don’t know before
the award ceremony which medals their teams will
be awarded.
The closing and award ceremony is the official end of the competition and one of
the highlights of the event. Each team receives either a bronze, silver or gold medal
and the best team is presented the EUSO perpetual challenge trophy.
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While the above description focuses on the organization and evaluation of the
tasks, the EUSO is also a cultural, educational and social event. Each host country
placed great emphasis on integrating the young EU science students by introducing
them to the history, heritage, culture, sport, food and music of the country. Activities include city and river tours, sampling local foods specialities, visits to museums
and historic sites, dancing and music shows, sports competitions, scientific lectures
and many other activities.
More detailed information on the EUSO including the constitution can be found at
http://www.euso.eu
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Overview
The 6th European Union Science Olympiad was held in Nicosia, Cyprus from 11th –
17th May 2008. The Ministry of Education and Culture and the University of Cyprus
were the major sponsors of the competition. The experiments were carried out
in the laboratories of the Department of Chemistry of the University of Cyprus in
Nicosia. The tasks were developed by a Scientific Committee composed of academics
from the University of Cyprus and advisors to the Cyprus Ministry of Education. It
was chaired by Dr. Epameinondas Leontidis, Chemistry Professor at the University
of Cyprus.
The tasks were based on “energy from light” and the following units were examined:
Ecology
• Taxonomy and plant adaptations
• Estimating the density of two specific plants (Convolvulus oleifolius and Thymus
capitatus) that are present in the “Athalassa Park” ecosystem
Biochemistry
• Rate of photosynthesis in the presence of different light intensities
• Extraction and identification of pigments-from red lettuce leaves using thin layer
chromatography (TLC)
Physics and Chemistry
• Nanocrystalline dye sensitized solar cell (NDSS) construction procedure
• Volumetric determination of iodine in electrolyte solution
• Chemical properties of anthocyanin
• The electrical output characteristics of the solar cell
Eighteen EU countries were represented by a total of 33 teams (99 students) at the
EUSO. Hungary, Portugal and the United Kingdom sent observers.

ö Local Team for the 6th EUSO 2008
Director: Mr. Mikis Hadjineophytou
Scientific Committee: Dr. Epameinondas Leontidis, Dr. Constantinos Phanis, Dr. Christina Sidera,
Mr. Anaxagoras Hadjiiosif and Mr. Andreas Papastylianou
Organising Committee: Dr. Constantinos Phanis, Paschalis Paschali, Neophytos Achileos,
Andreas Panayi, Michalis Tornaritis and Michalis Theocharidis.
Laboratory Manager: Anaxagoras Hadjiiosif
Laboratory Assistants: Andri Erotokritou and Savva Savva
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Medals and results 2008
(bronze medals in alphabetical order)

Rank

Team

Medal

Task A

Task B

Total

(100)

(100)

(200)

%

1

Estonia B

Gold

87.5

78.8

166.3

83.2

2

Netherlands B

Gold

83.0

80.5

163.5

81.8

3

Germany A

Gold

85.0

78.0

163.0

81.5

4

Slovakia B

Gold

82.5

78.1

160.6

80.3

5

Latvia A

Gold

86.5

73.3

159.8

79.9

6

Lithuania B

Gold

81.5

78.1

159.6

79.8

7

Ireland B

Gold

87.0

72.0

159.0

79.5

8

Cyprus B

Gold

68.0

90.4

158.4

79.2

9

Czech Republic A

Silver

89.5

68.4

157.9

79.0

10

Lithuania A

Silver

83.0

74.3

157.3

78.7

11

Austria A

Silver

80.0

66.3

146.3

73.2

11

Czech Republic B

Silver

85.0

61.3

146.3

73.2

13

Belgium A

Silver

80.0

63.9

143.9

72.0

14

Germany B

Silver

78.5

64.6

143.1

71.6

15

Estonia A

Silver

76.0

66.4

142.4

71.2

16

Ireland A

Silver

78.0

62.6

140.6

70.3

17

Slovakia A

Silver

73.0

66.0

139.0

69.5

Bronze Medals
Bulgaria A, Cyprus A, Greece A, Luxembourg A, Netherlands A, Slovenia A, Spain A,
Sweden A, Austria B, Belgium B, Bulgaria B, Denmark B, Greece B, Luxembourg B,
Spain B, Sweden B
Range of bronze medals

44.5 – 79.0
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23.3 – 70.6

67.8 – 138.3

33.9 – 69.2

EUSO 2008

Task A

Energy from Light
Task A investigates several aspects of the effect energy from sunlight has on life
on earth. Task A is divided into two separate tasks:
Task A. 1 – Ecology
Task A. 2 – Biochemistry

Task A.1 – Ecology
Introduction
Cyprus is home to a number of indigenous plant species. Thyme capitatus, for
example, is very common to rocky slopes, disturbed ground and occasionally on
sand dunes, in shrub lands and forests. It grows on all types of soils, as it is a low
demanding plant and it prevents soil erosion. Thyme has been well known since
ancient times as a good source of nectar for honey bees and for its aromatic and
medicinal properties. “Thyme is a source of food for bees” (Aristotle Historia
animalium). Shepherds also used it as fuel for making the local goat cheese. Such
was the demand for thyme that there was a class of traders called “throumpopoulides” (sellers of thyme).
Another common indigenous species in Cyprus is Cistus creticus (Pink Rock-Rose).
The glands on the tips of the hairs of creticus contain the medicinal and aromatic
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The Athalassa Park near Nicosia is rich in these
plant species. The park is the result of afforestation
a deliberate planting in an area which had not recently been a forest land. There are concerns that
the number of thyme plants in Athalassa Park is
declining due to human impact. It could be that
Thymus capitatus plants are stressed out.
After answering some more general ecological
questions and examing various plant species your
team is expected to plan and carry out a field investigation in order to be able to determine the density of two specific plants (Convolvulus oleifolius and
Thymus capitatus) present in Athalassa Park.
Figure 1: Cistus Creticus.

“Field technique” to put it simply means you need
to record what is there, how much of it is there
and where it is within the specific area you are investigating. The techniques you
use depend very much on the area being investigated and the nature of organisms there.

Material and equipment
•
•
•
•

Hand lens
Hard pencils
Pens with black ink
Eraser

•
•
•
•

Ruler
Pencil sharpener
Board for writing
Calculator

A.1.1 Photosynthesis
Energy exists in many forms: heat, light energy, chemical energy, mechanical
energy, and electrical energy. Plants use light energy for photosynthesis, which
is used to make organic molecules.
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resinous substance “ladanum”. During spring the shepherds would drive the goats
to the bushes because the ladanum adheres to the hairs and beards. Later, they
cut off the hairs, boil them and obtain the valuable substance. Ladanum was exported to Egypt and used in perfumery and soap making.

EUSO 2008

Complete the figure below by drawing a straight line from each substance to its role
in photosynthesis in the answer sheet. One has been done for you.

substance

role

oxygen

made in photosynthesis

carbon dioxide

stored as starch

chlorophyll

found in chloroplasts; absorbs light energy

glucose

raw material for photosynthesis

magnesium

needed to make chlorophyll

A.1.2 Carbon cycle
Life as we know it is based on carbon. Proteins, carbohydrates and other
molecules essential for life contain carbon, so living organisms must have carbon
available to them. Carbon cycles between the abiotic and biotic components of
the environment. The diagram below shows a simplified carbon cycle.
Carbon dioxide
in the atmosphere
D
A

C
B

Plants
Feeding

Fossil fuels

Animals

Death and decay

Each box represents one (or more) of the processes respiration, combustion or
photosynthesis. Assign the correct process(es) to each of the letters A – D in table 1
on your answer sheet.
Look around you and identify posible carbon sinks inside the area you have been
assigned to for the field investigation. Record your results on the answer sheet.
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Grazing mammals have an important role to play in the recycling of nutrients on
the grassland. Their dung is rich in organic nitrogen-containing compounds. These
compounds are converted to nitrates. Most plants obtain the nitrogen they need as
inorganic nitrate from the soil solution. The diagram below shows part of the nitrogen cycle. Write down the chemical formulae of each substances / ions present in the cycle
below on your answer sheet.

A Nitrogen gas in the atmosphere

B Ammonia

C Nitrite

D Nitrate

A.1.4 Biomass
A group of students wanted to produce a pyramid of fresh biomass for a field. They
carried out the procedure described below.
• A fine mesh cage was used to enclose part of the field. All the plant material inside
the cage was cut down to ground level and weighed. All the animals in the enclosed area were collected and identified. They were then sorted into herbivores
and carnivores and weighed.
• The fresh biomass of the organisms present is given in the table below.
Organisms

Fresh biomass / g

Green plants

2250

Herbivores

240

Carnivores

38

a) Use the data in the table to construct a pyramid of fresh biomass. Draw it on the grid
in the answer sheet.
b) Calculate the percentage loss in fresh biomass between the green plants and the herbivores. Record your working and results on the answer sheet.
25
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A.1.3 Mammals and nutrients
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c) Which of the following statements explain why only a small percentage of the light energy
that falls on green plants is incorporated into biomass. Draw a circle around the correct
answer on your answer sheet.
I.
II.
III.
IV.

Light is reflected and transmitted
Light is converted into heat energy which can be used to evaporate water
Some wavelengths are not utilised by chlorophyll in photosynthesis
The biochemical efficiency is not 100%
a

Only I. and II. are correct

b

Only II., III. and IV. are correct

c

Only I., III. and IV. are correct

d

I., II., III. and IV. are all correct

A.1.5 Plant determination
Determine the plant genus / group of the Convolvulus oleifolius (plant present in the
area you have been assigned) with the help of the pictures provided below. The
dichotomous key applies to members of the genera included in the book ‘Trees and
shrubs in Cyprus’ Tsingis T.K. et al. and the key.
Write down the correct group on the answer sheet.
1. Leaves are compound → 2.
Leaves are simple → 3.
2. Leaves opposite → Group A
Leaves alternate, spirally or variously arranged → Group B
3. Leaves are opposite → 4.
Leaves are alternate, spirally or variously arranged → 5.
4. Leaves with obvious lamina*, entire or lobed → Group C
Leaves needle-shaped, spiny or scale-like → Group D
5. Leaves with obvious lamina, entire or lobed → Group E
Leaves needle-shaped, spiny or scale-like → Group F
*Lamina: the blade of the leaf that usually bears the chlorophyll
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Leaﬂet
Midrib

Axillary bud

Simple leaf

Opposite

Compound

Simple

Alternate

Compound leaf
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A.1.6 Flower diagram
Draw on the answer sheet a flower of Cistus creticus (magnified approximately 10x) indicating clearly the reproductive organs (clear drawing, straight lines, no shading). Use the
following key for labeling the drawing.
a. Stigma
d. Anther

b. Style
e. Filament

c. Ovary
f. Petals

A supervisor will indicate a plant in blossom that you can draw.
Select three features which indicate that the flower of Convolvulus oleifolius is pollinated
by insects. Draw a circle around each correct answer on the answer sheet.
Large petals

Small petals

Hanging anthers

Small anthers

Presence of large numbers of pollen

Presence of small numbers of pollen

A.1.7 Adaptation
Read the following passage about the adaptations of Convolvulus deserti to life in dry
conditions, and then write on the dotted lines in the answer sheet the most appropriate
letter to complete the passage.
a. Stomata
e. Hydrophytes
i. Cells

b. Cuticle
f. Small surface area
j. Protein

c. Large surface area
g. Mesophytes

d. Xerophytes
h. Hairs

Plants which live in habitats where there is shortage of water often have ..................
..................... on the surface of their leaves, to reduce water loss by trapping a layer
of still air around the leaf. This effect is also achieved by curling or rolling the leaves,
so that the surface bearing most of the ............................................. through which
water loss occurs, is on the inside. Leaves may also have a thick waxy ...................
.................................. to reduce evaporation. Another adaptation is for the leaves
to have a ............................ by having narrow linear leaves instead of broad leaves.
Plants with such adaptations are known as ..................................................... .
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a) Before embarking on your field expedition check your definitions and complete the text
by writing the appropriate letter on the dotted lines in the answer sheet.
a. population

b. community

c. numbers

d. density

A group of individuals in a species is a ………………………………….
All organisms in a habitat is described as a …………………………….
Population size refers to the ……………. in a population.
Population ……………. refers to numbers in a given area or volume.
b) select seven roman numbers that represent the best method / plan for your one day
investigation to determine the density of Convulvus oleifolius and thymus capitatus.
Write down the numbers on the answer sheet.
I. Systematic selection of sampling area
II. Random selection of sampling area using randomly established coordinates
III. Investigate all the abiotic factors: Temperature / Light intensity / Relative
humidity / Wind speed / pH / Nature of particles / Nutrients / humus
IV.
V.
VI.
VII.
VIII.
IX.
X.
XI.
XII.

Investigate zones at same time of day / season / or the next five years
Investigate suitable-sized area of 100 m2 – 10 000 m2
Use a standard quadrat size of 1 m2
Use a standard quadrat size of 10 m2
Standardisation of collecting method e.g. standard sweep
Suitable, named method of collection, e.g. pooter / sweep net / pitfall trap
Sensible method of preventing escape
Method of species identification e.g. use of key
Minimize damage to the habitat

c) If the area under investigation is 100 m2 how many samples / quadrats within a 100 m2
area would your team investigate? Draw a circle around the correct answer on the
answer sheet.
5

10

50

d) Now carry out your field investigation and write down the numbers of Convulvu
oleifolius and thymus capitatus for each of the investigated sample areas on the answer
sheet.
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e) Limitations of your experiment. Indicate whether the statement / limitation is true or
false by ticking the correct options on the answer sheet.
Difficult to control all abiotic factors
Not all plants are counted / difficult to identify them
Area selected may not represent plant density
No repetition has been carried out
There may be seasonal distribution

Task A.2 – Biochemistry
Introduction
We all know that plants carry out photosynthesis. This word derives from two greek
words phos and synthesis which translates into making with light. Plants use light as
the energy source to produce glucose (C6H12O6). In actual fact photosynthetic organisms capture light and convert it to chemical energy within the glucose molecule.
The raw materials used by plants to make glucose are CO2 and H2O.
6 CO2 + 6 H2O → C6H12O6 + 6O2

The equation for photosynthesis is:

Light is electromagnetic radiation. Visible light is a combination of many wavelengths in the range of 380 – 750 nm that we see as different colors. Each wavelength is associated with a specific photon, or particle of energy. The energy of a
photon is calculated by the following formula E = h · c / λ where:
h is Planck’s constant = 6.626 · 10-34 J · s , c is the speed of light = 3 · 108 m / s, and λ is
the wavelength. In general, photons of shorter wavelength have more energy than
those with longer ones (see Fig. 1).

Gamma rays
0.0001 nm

Ultraviolet

X-rays
0.01 nm

Radio waves
Radar TV FM

Infrared
1000 nm

10 nm

0.01 cm

1 cm

1m

Visible
light

VISIBLE

400 nm

SPECTRUM

500 nm

600 nm

700 nm

Wavelenght increases
Energy increases

Figure 1: electromagnetic and light spectrum.
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Not all pigments found in plants are used
for capturing light energy and drive photosynthesis. The pigments of the leaf have the
property of absorbing and transmitting certain
light wavelengths, while reflecting others. The
“color” we see is the combination of wavelengths of light reflected by the pigment molecules. The range of wavelengths absorbed by
a pigment (such as a chlorophyll) is known as that pigment’s absorption spectrum.
Look at the table below to study some examples of natural pigments.
Red lettuce (Lollo rosso, Lactuca Sativa) has very dark green / red leaves, indicating
very high concentration of photosynthetic pigments. What pigments are there in
the red lettuce, which are their properties, do they all take part in photosynthesis
or do they have other roles, do they all exist in the chloroplast membranes? Do you
think all plants have the same pigment concentrations and in the same ratios? Think
of these questions as you extract the secrets of the red lettuce.
At the first stage of these experiments, you have to extract the pigments out of the
lettuce leaves. In the next stage of the experiment you will try to identify all the
pigments in red lettuce and then separate them on the basis of their solubility in
non-polar solvents. Lastly you will investigate the properties of the pigments and
try to explain their usefulness within living cells.
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The machinery that living plants use for capturing light and converting it into chemical energy are certain pigment molecules embedded in the thylakoid membranes
inside the chloroplasts. In simple terms, these pigments absorb photons. The energy
in these photons boosts some of the pigment electrons out of their low energy stable shell into higher, unstable energy levels. These electrons are captured by other
neighboring molecules in the thylakoid membrane, and transported gradually to a
lower energy state thus converting the initial light energy into electrical energy. This
is used down the line in making covalent bonds (chemical energy) using the starting materials from air (CO2) and the soil (H2O) to synthesize the final compound,
glucose.
Your task is to study the pigments found in red
lettuce. You have two hours to finish the test.
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Leaf Pigment
family

Chemical Structure of known examples

Absorption Spectrum

Chlorophyll a and b
Chlorophyll a

Relative Absorbance

Chlorophyl b

Chlorophylls

Chlorophyl a

Chlorophyll b

400

500

600

700

ultraviolet

800

infrared

Wavelength in nanometers
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C

CH3

CH3
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CH2
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CH3
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CH3
C

C

CH3

xanthophyll
CH3

C
H
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C

C
H

H2
C

C

C

CH3

CH

OH

Relative Absorbance

β-carotene

CH2

CH3

400

500

600

ultraviolet

Carotenoids

700

800

infrared

Wavelength in nanometers

OH

OH
O

HO

OH

3 OH

OH O

OH

1.13 Quercitin

2.1 Cyanidin

OH

OH

OH

+

O

HO

OH

+

HO

O

OH

O

2.2 Pelargonidin

glucose

Anthocyanin with sugar
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This experiment has been done for you. We tested the ability of red lettuce leaves
to carry out photosynthesis. Two leaves were put in an air tight bottle, along with a
CO2 sensor. The concentration of CO2 in parts per million (ppm) in the air contained
in the bottle was recorded in the absence, (points I to II) and presence (from points
II to III) of artificial light, as a function of time. The results are shown in the following graph:

450
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400

I

CO 2 Concentration (ppm)

350

III

300

250

no light

light

200
150
100
50
0
50

100 150 200 250 300 350 400 450 500

550 600 650

Time (s)

y-axis is showing the concentration of CO2 in ppm (parts per million)
x-axis is showing the time in seconds.

Now answer questions A.2.1 a) to e) on the answer sheet.
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A.2.2 Extraction and identification of pigments from red
lettuce leaves using thin layer chromatography (TLC)
Introduction
Natural pigments are usually organic molecules, which have different molecular
structures, physical and chemical properties. Looking at the structure of molecules
one can determine if they are polar or not, for instance fatty acids are non polar,
hydrophobic compounds which don’t mix with or dissolve in water, but more readily mix in non-polar solvents. In contrast, nucleic acids being generally polar compounds are hydrophilic and mix better with water. It is possible then for organic
compounds to be separated and identified, based on their polarity, according to
how readily they mix with various non-polar solvents, and how readily they stick
to a polar surface. This process is known as Thin Layer Chromatography (TLC). It
literally means Colour Script in Greek. TLC separates a mixture of compounds based
on their different affinities for an immobilized polar surface (the thin layer of silica
immobilized on a strip) and their differential solubility in a non polar mobile phase
(an organic liquid solvent). In your case, you will separate the potentially polar and
non polar photosynthetic pigments in a red lettuce using TLC.

Material and equipment for pigment extraction and TLC chromatography
• Test tube 15 cm long
• Measuring cylinder 10 mL
• Tissue paper
• Small container containing 10 mL
of absolute ethanol, labeled ethanol
99.8 %
• Tube rack
• Non-wash out pen
• 2 glass vials 5 mL with caps
• Mortar and pestle
• 2 round filter papers,
50 mm diameter
• Glass funnel
• Wash bottle with distilled water
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• TLC strip (12 cm long 2.5 cm
wide). This should be your
immobilised polar silica phase.
Wrapped in foil
• Pencil
• Pair of forceps
• Transparent ruler
• Pipette tips – p10
• Plastic pasteur pipettes 1 mL and
3 mL
• Conical flask 250 mL to be used as
developing chamber with 15 mL
mobile phase (petroleum ether,
acetone, chloroform, 3:1:1)

EUSO 2008

1. Receive a lettuce leaf, and record how much it weighs on your answer sheet.
2. Rinse the leaf with distilled water and dry them thoroughly with tissue paper,
but do not be too harsh on them.
3. Homogenisation: Using the mortar and pestle, homogenize the leaf as well as
possible, while adding 2 mL of ethanol (use the plastic pipette). Carefully decant
the extracted solution into the filter paper and funnel into the 10 mL measuring
cylinder. Take extra care while you filter your preparation, not to transfer any
solid material or any liquid out of the filter paper. Repeat this procedure twice
more, until you homogenized the leaf completely (use maximum of 6 mL of the
ethanol).
4. By the end you should have in the measuring cylinder less than 6 mL of clear
filtrate, which contains your extracted pigments. This is your EXTRACT. Record
the colour and volume of this extract in your answer sheet.
Show the EXTRACT to the lab assistant.
5. Using a graduated plastic Pasteur pipette transfer 0.25 mL into a glass vial, cap
it and label it TLC.
6. Transfer another 0.25 mL into another vial, dilute it by adding 2 mL of ethanol,
cap it and label it total.
7. Transfer the remainder of the extract from the measuring cylinder into a 15 cmlong test tube and keep it safely on the rack.
Show the vials and tube from step 5,6 and 7 to the lab assistant. You will need all these
in the following experiments.
8. Wearing gloves, take the TLC strip out of the foil. Holding it by the edges place
its silver side facing down with the white side up on a clean sheet of paper.
CAUTION! The TLC strip should be dealt with great care. The white side of it
should not be handled with bare hands, should not be scratched with the pencil
or the pipette tip, and no liquid should be spilled on it!
9. At 2 cm from the edge lightly draw a straight line with a pencil across the strip
(see Fig. 2: TLC preparation). This will be your starting point. From there on,
pencil-mark lightly every centimeter along its length on the edge of the strip.
Consider the side of your starting point, the bottom of the strip whereas the
opposite side, is the top.
10. Take the TLC strip, the vial labeled TLC, and the p10 tips to the extractor hood.
11. Look at Fig. 2B. Only one person of each group will be in the extractor hood at a
time. You need the tip to load the extract TLC. Simply touch the tip in the extract,
and then touch it vertically onto the pencil drawn line on the strip. This will load
a dot. Apply a second dot (no more than 2 – 3 mm diameter, and not less than
5 mm apart) onto the pencil drawn line. Let the dots dry. Re-apply the solution
on the dots many times, until the spot is a very dark color – it takes around 20
applications. Be careful not to scratch the silica gel with the capillary tip!
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Mark every centimetr

Strarting point draw

Show the TLC strip with the applied dots to the lab assistant.
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Figure 2: TLC preparation.

12. Your developing chamber is in the extractor hood. Do not open it unless you are
ready to proceed. Gently roll it around so that the solution inside it has wetted
the walls of the bottle. Using forceps pick up the loaded TLC strip from its top
side, remove the lid and carefully place the TLC strip into the developing chamber – bottom side into the solvent mobile phase, but below the pencil drawn
line. Replace the lid promptly. Do not move this developing chamber.
13. Allow the solvent to migrate upward until the solvent front is at the 4 cm mark.
This should take approx 5 min.
14. Remove the strip and mark the solvent front immediately! Then as quickly as
possible mark with the pencil, in the centre of each band, the position of every
visible band, and note in your answer sheet their colour, in the order at which
they appear from top to bottom. When the strip dries it will be difficult to see
the coloured bands.
15. Allow the chromatogram to dry.
Attach it to your answer sheet.
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As you know from the previous exercise, the various pigments have different solubilities in various non-polar solvents. In this exercise, you will separate the polar
from the non-polar pigments.
Material and equipment
• Your filtered extract in the 15 cmlong tube on the tube rack from
Experiment 2
• 2 test tubes 10 cm-long and 1 test
tube 15 cm-long
• Pasteur pipettes with teats
(inside the extractor hood)

• Plastic graduated 1 mL and 3 mL
pipettes (inside the extractor hood)
• Petroleum ether (in a labeled vial
inside the extractor hood)

Method
1. Your total extract is still in the 15 cm-long test tube, on the rack. Your rack
should also have the empty 10 cm and 15 cm-long test tubes. Take your rack
and tubes to the extractor hood
The rest will be done in the extractor hood:
2. Add petroleum ether to your extract to nearly fill it (a couple of cm from the
top).
3. Cover the test tube opening with your thumb (wearing a glove) and gently invert the tube 3 – 4 times so the contents are completely mixed. Do Not Shake
It. Gradually lift your thumb to release pressure build-up caused by the highly
volatile ether (Caution: release with care to avoid spraying ether all over yourself and anyone who happens to be nearby!).
4. Allow the contents to settle until two distinct clear layers form. Do not proceed
until separation is complete.
Show the lab assistant two distinctly separated layers. Record the colours of the upper
and lower layers in your answer sheet.
5. Now this step should be done very carefully. You need to separate the two layers:
Using a Pasteur pipette, transfer carefully the top layer into a fresh 15 cm tube.
It is important that you isolate a clean fraction of the upper layer. You must not
transfer any of the sludgy material at the interface. Label this tube Upper.
To the lower layer, add some more petroleum ether and repeat steps 2 – 4 as
above adding more petroleum ether. This time though, discard the top layer in
the waste container, you also need to remove and discard the ‘sludgy’ interface,
which might contain unwanted material. It doesn’t matter if you lose some of
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the lower layer as long as what is left, is clean. Now transfer the lower layer into
a fresh 10 cm test tube. Label this tube Lower.
Show your pigment solutions to the lab assistant. You need both the upper and lower
layers for the next step.

A.2.4 Absorption spectra of separated pigments
Material and equipment
• The test tube with the upper layer.
Do not take it out of the hood
• The test tube with the lower layer.
Do not take it out of the hood

• The vial from Experiment 2 labeled
total
• Three plastic 1mL cuvettes in the
polystyrene rack labeled with your
station number.

Method
1. You need to transfer 1 mL of each of the three solutions Upper, Lower and Total
into three separate cuvettes.
Note: do not dispose of the leftover of your three solutions. The Upper layer
solution will be needed in the next section
2. Label each your cuvettes, 1, 2, and 3 for Total, Upper, and Lower respectively.
Mark them with small writing near the top.
3. One of your colleagues should take the three cuvettes to the lab assistant to read
the absorbance of each fraction at all wavelengths between 400 nm and 700 nm
Attach the recorded spectra to your answer sheet.
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The pigment molecule in your upper layer, which was isolated from its cozy membrane home in the chloroplast, absorbs photons emitted by the halogen lamp. What
happens to the energy of these photons?
Material and equipment
• Halogen Lamp
• The remainder extracts labeled
Upper from Experiment 3

Method
In the extractor hood you will find a halogen lamp. Position it away from your eyes
and switch it on. Take the tube labeled Upper and place it in front of the lamp as
close as possible.
Observe what happens and record your observations on the answer sheet.
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Fluorescence capture and release of solar energy
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Task A

Energy from Light – Answer sheet
Task A.1 – Ecology (50 marks)
A.1.1 Photosynthesis
Draw a straight line from each substance to its role in photosynthesis
2 marks (0.5 per correct line)
substance

role

oxygen

made in photosynthesis

carbon dioxide

stored as starch

chlorophyll

found in chloroplasts; absorbs light energy

glucose

raw material for photosynthesis

magnesium

needed to make chlorophyll

A.1.2 Carbon cycle
a) Table 1: Write the correct letter or the correct letters (A-D) into the blank cells
2 marks (0.5 per correct assignment)
Name of process

Letter

Respiration

B, C

Combustion

A (and /or C)

Photosynthesis

D

b) Draw a circle around the possible carbon sink(s) within the area assigned to you.
2 marks (1 per correct circle)
plant

snail

minerals
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Write the chemical formulae of each substance / ion present in the cycle below.
4 marks (1 per box)
A N2

C NO-2

B NH3

D NO-3

A.1.4 Biomass
a) Use the data in the given table to construct a pyramid of fresh biomass.

3 marks

Carnivores

Herbivores

Green plants

symmetrical diagram with correct orientation 1 mark
correct proportions 2 marks

b) Calculate the percentage loss of fresh biomass between the green plants and the herbivores.

2 marks
2250 – 240
= 89 %
2250
1 mark

c) Draw a circle around the correct answer.
a.

b.

c.

d.
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A.1.5 Plant determination
Draw a circle around the correct group (A – F) for Convolvolus oleifolius.
Group A

Group B

Group C

Group D

Group E

1 mark
Group F

A.1.6 Flower diagram
Draw a flower of cistus creticus (magnified approximately 10 x) indicating clearly the
reproductive organs using the letters a – f.
5 marks

10 x magnification 1 mark
clear lines, no shading 1 mark
correct labelling 3 marks

Select three features which indicate that the flower of Convolvolus oleifelius is pollinated
by insects. Draw a circle around each correct answer.
3 marks (1 per correct circle)
Large petals

Small petals

Hanging anthers

Small anthers

Presence of large numbers of pollen

Presence of small numbers of pollen
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Write on the dotted lines the most appropriate letter to complete the passage about the
adaptation of Convolvolus deserti to life in dry conditions.
5 marks (1 per correct letter)
a. Stomata
e. Hydrophytes
i. Cells

b. Cuticle
f. Small surface area
j. Protein

c. Large surface area
g. Mesophytes

d. Xerophytes
h. Hairs

Plants which live in habitats where there is shortage of water often have h. hairs
on the surface of their leaves, to reduce water loss by trapping a layer of still air
around the leaf. This effect is also achieved by curling or rolling the leaves, so that
the surface bearing most of the a. Stomata through which water loss occurs, is on
the inside. Leaves may also have a thick waxy b. Cuticle to reduce evaporation.
Another adaptation is for the leaves to have a f. Small surface area by having narrow linear leaves instead of broad leaves. Plants with such adaptations are known as
d. Xerophytes.

A.1.8 Field investigation
a) Check your definitions and write the appropriate letter on the dotted lines.
2 marks (0.5 per correct letter)
a. population

b. community

c. numbers

d. density

A group of individuals in a species is a a. population
All organisms in a habitat is described as a b. community
Population size refers to the c. numbers in a population
Population d. density refers to numbers in a given area or volume
b) Select seven roman numbers that represent the best choice for your one day investigation. Draw a circle around each correct answer.
7 marks (1 per correct choice)
I. Systematic selection of sampling area
II. Random selection of sampling area using randomly established coordinates
III. Investigate all the abiotic factors: Temperature / Light intensity / Relative
humidity / Wind speed / pH / Nature of particles / Nutrients / humus
IV. Investigate zones at same time of day / season / or the next five years
V. Investigate suitable-sized area of 100 m2 – 10 000 m2
VI. Use a standard quadrat size of 1 m2
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VII.
VIII.
IX.
X.
XI.
XII.

Use a standard quadrat size of 10 m2
Standardisation of collecting method e.g. standard sweep
Suitable, named method of collection, e.g. pooter / sweep net / pitfall trap
Sensible method of preventing escape
Method of species identification e.g. use of key
Minimize damage to the habitat

c) If the area under investigation is 100 m2 how many samples / quadrats within a
100 m2 area would your team investigate? Draw a circle around the correct answer.
1 mark
5

10

50

d) Now carry out you field investigation and complete the table below.

Quadrat
/ Number

Convolvulus deserti
/ Number

Thymus capitatus
/ Number

1

2

1

2

2

2

3

2

1

4

3

6

5

3

3

6

3

1

7

2

3

8

6

3

9

2

2

10

1

1

11

1

3

12

2

1

13

3

3

14

3

4

15

2

2

16

1

4

Total number of
each plant species

38

40

Estimated mean
density

2.4 m-2

2.5 m-2

5 marks

Correct number for each species 3 marks
Calculation of total number and density 2 marks
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Difficult to control all abiotic factors

True

False

Not all plants are counted / difficult to identify them

True

False

Area selected may not represent plant density

True

False

No repetition has been carried out

True

False

There may be seasonal distribution

True

False

A.2 – Biochemistry (50 marks)
A.2.1 Rate of photosynthesis in the presence of different
light intensities
a) Referring to the graph in your task sheet choose one of the following options which best
describes the reaction/s taking place at different points in the graph.
2 marks (1 per correct choice)
a. Cellular respiration only
b. Photosynthesis only
c. Cellular Respiration
and photosynthesis
d. Apoptosis (cell death)
e. Microbial Decomposition
Cellular process/es taking place between points I and II:

a.

Cellular process/es taking place between points II and III: c.

b) Choose the option that best describes why there is a decrease of CO2 in the presence of
light?
1 mark
a. The presence of light increases the temperature in the bottle so the CO2 values
we get are lower as less CO2 is in gas phase.
b. The leaves stop carrying out cellular respiration and start photosynthesising.
c. The speed of photosynthesis is higher than the speed of cellular respiration so
more CO2 is consumed than produced.
d. The leaves stop decomposing because the light kills microbes that help this
decomposition.
e. Plant cells need light to survive. So when the light comes back on, the cells stop
dying and thus stop producing CO2.
Answer: c.
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e) Limitations of your experiment. Indicate whether the statement / limitation is true or
false.
5 marks (1 per correct choice)
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c) Referring to the graph in your task sheet calculate the average rate of reaction for the
production of CO2.
2 marks
Denote the rate of reaction for the production of CO2, i.e. the respiration rate
by r1. It is calculated by
r1 =

[CO2]II – [CO2]I
tII – tI

= (390 – 320) ppm
380 s
= 0.18 ppm s-1.
correct formula 0.5 marks
correct result 1 mark
correct unit 0.5 marks

d) Referring to the graph in your task sheet calculate the average rate of reaction for the
consumption of CO2.
4 marks
Denote the rate of reaction for the consumption of CO2 by r2. It is given by the
slope of the graph in the light regime subtracted by the rate of respiration, i.e.
r1 =

[CO2]III – [CO2]II
tIII – tII – r1

= (320 – 390) ppm
(660 – 380) s – r1
= 0.43 ppm s-1.
correct ratio 0.5 marks
subtracting respiration rate from ratio 1 mark
change of sign 1 mark
correct result 1 mark
correct unit 0.5 marks
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a. When the leaves have made all the glucose they need.
b. When the leaves have produced enough oxygen.
c. When respiration is no longer possible.
d. When the leaves have used up all the CO2 available in the bottle.
e. When the plants cells stop dividing.
Answer: d.

A.2.2 Extraction and identification of pigments from red
lettuce leaves using thin layer chromatography (TLC)
You will extract the various pigments from the leaves. After TLC chromatography
of your extract, the pigments will appear as different coloured bands separated on
the TLC strip. Known visible pigments are listed below in order of expected migration starting from the top. The ‘faster’ pigments, which migrate close to the solvent
front, are carotenes.
Top Carotenes (yellow golden)
Pheophytins, chlorophyll molecule without the central magnesium ion
(olive grey-green)
Chlorophyll a (blue-green)
Chlorophyll b (dirty yellow-green)
Lutein (yellow)
Xanthophyll 1 and
Xanthophyll 2 (pale yellow)
Bottom Anthocyanins (red)

1 mark

a) Record the weight of the lettuce leaf.
Leaf mass:

0.5 g
correct answer 0.5 marks
correct unit 0.5 marks
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e) Let’s assume that the leaves will not die if they are kept indefinitely in the bottle. If
the bottle is kept closed and the light is kept on, when do you think photosynthesis
will stop?
1 mark
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No marks

b) Record the colour of the solutions extracted using the key below.
a. Red

b. Green

c. Dark green

d. Dark brown (green-red)

e. Orange

Answer: c.

No marks

c) Record the volume of ethanol extract collected.
Volume of ethanol extract collected:

2.7 mL

d) Fasten your chromatogram (TLC strip) with tape next to the table below.
Top is considered the side towards which the solvent has migrated to.

4 marks

NOTE: The number of pigment bands you will see depends on the concentration
of pigments, and the intensity of the loaded dots. So you will not necessarily see 7
bands. Label only the ones you have actually seen.
spots clearly visible and separable 1 mark
length of solvent front 1 mark
right orientation 1 mark
running well and evenly 1 mark

e) In the table below, record each visible band indicated on the chromatogram with
a pencil mark. Label the band that travelled closest to the solvent front as “1” and
designate the pigment band which did not migrate at all with the highest number.
Record alongside the band numbers, their respective colour, using the code given below.
2 marks
R

red or brownish red

YG

dirty yellow-green

G

green

PY

pale yellow

OGG

olive-grey-green

Y

yellow

BG

blue-green

O

orange

Y as first band 0.5 mark
R as last band 0.5 marks
correctly identified bands (0.25 marks for each additionalmax. 4 bands) 1 mark
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Colour

D (mm)

1

Y

37

0.93

2

OGG

27

0.68

3

O

10

0.25

4

BG

8

5

YG

5

0.13

6

G

3

0.08

7

R

2

0.05

example of TLC
result

S (mm)

Rf value =
D/S

Band label

40

0.20

f ) Sort the identified pigments in order of polarity starting with the least polar.
Use the numbering introduced above.
1 mark
1, 2, 3, 4, 5, 6, 7
Starting from band 1 and following the order down to highest number 1 mark

You now need to calculate the migration rate of each of your identified bands in
the solvent solution you used. This was petroleum ether, acetone and chloroform
at 3:1:1 (v/v) respectively.
The retardation factor Rf of a substance is used to compare migration rates and
can be very useful in identifying it on chromatograms. By comparing Rf values of
substances present in an unknown sample to the Rf values of known standards, the
investigator can more confidently identify his / her unknowns.
The pencil drawn line will be the starting point considered as zero on the ruler
(0) whereas the distance to which the solvent has migrated will be the maximum
distance (S). The distance traveled by each pigment band (D) is measured from the
starting line (0).
The retardation factor is then calculated by Rf = D / S.
g) Complete the table above by recording all D and S values and calculating the respective
Rf values.
3 marks

D = 0.95 (+-0.05) · S for first band (Y) 0.5 marks
D = 0.0 (+0.05) · S for last band (R) 0.5 marks
correct D (0.25 for each additional identified band, max. 4 bands) 1 mark
calculation of Rf values 1 mark
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Table for chromatography evaluation
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h) Identify some of your pigment bands using your experimental results and the
information you have for known pigments.
4 marks
Band
number

Colour

Experimental
Rf value

Leaf Pigment

1

Y

0.93

Carotene

2

OGG

0.68

Pheophytin

3

O

0.25

Lutein

4

BG

0.20

Chlorophyll a

5

YG

0.13

Chlorophyll b

6

G

0.08

Xantophyll

7

R

0.05

Anthocyanin
1 mark for every correctly identified band
maximum 4 marks

i) Use the numbers you ascribed to your bands to answer the following questions:
2 marks
Which of your identified pigment band/s would be most soluble in a non-polar solvent,
such as ether or toluene?
"1" or "1 & 2" 1 mark
Answer:

1

If we had homogenized the leaf in water, which of your identified pigment bands would
leak out most readily into the water?
Answer:

7

Last number or last and penultimate number 1 mark

j) For each gap choose the best fitting word from the options below. You can use each
word twice.
2 marks
a. more
d. equally/equal
g. carbonyl groups

b. hydroxyl groups
e. less
h. aldehyde groups

c. carboxyl groups
f. ketone groups

Xanthophylls diffuse (migrate) much more slowly than carotenes, although they
are almost identical molecules because they possess additional b. hydroxyl groups
which make them a. more polar, thus they have a. more affinity to the polar stationary
phase (immoblised silica) and are e. less soluble in the non polar mobile solvent
phase.
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a. Pheophytin does not have the central magnesium so it is more polar than
chlorophyll and dissolves more readily into the non polar solvent.
b. Pheophytin does not have the central magnesium so it is more polar than
chlorophyll and it has more affinity to the polar immobilized silica (the stationary phase).
c. Pheophytin does not have the central magnesium so it is less polar than chlorophyll and it has less affinity to the polar immobilized silica (the stationary
phase).
d. Pheophytin does not have the central magnesium so it is less polar than
chlorophyll and dissolves more readily into the non polar solvent.
Answer: c.

A.2.3 Separation of pigments by differential solubility
You managed in this section to separate the various pigments into two non-assimilating phases, a non polar phase, and a polar phase. Looking at your findings from the
above section, and the known molecular structures of some pigments you should at
this stage predict, which pigments have been separated using the extraction method
of section A.2.2.
a) Record the colours of the upper and lower layer of the extract in your test tube.
Choose from the following options:
1.5 marks
R
YG
O
Y
G

red
yellow/green
orange/brown
yellow
green or pale green
For clearly separated layers 0.5 marks

Colour of upper layer: G

0.5 marks

Y

Could be either Y, O or YG (depending of sample used) 0.5 marks

Colour of lower layer:
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k) Referring back to the introduction, can you think why pheophytin diffuses faster than
chlorophyll?
1 mark
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b) Decide which solvents are in the upper / lower layer. Choose from the following options:
1 mark
a. ethanol
b. chloroform
c. petroleum ether
d. acetone
e. water
Solvent(s) in upper layer:

c.

0.5 marks

Solvent(s) in lower layer: e. & a.

0.5 marks

c) According to the solvent distribution, the colouring of your layers and your knowledge
of how your bands have migrated on the TLC strip, predict which pigment bands (use
the number you ascribed to them) are present in the layers.
2 marks
Pigment bands in upper layer:

1

Pigment bands in lower layer:

7

"1" or "1 & 2" 1 mark

Last number or last and penultimate number 1 mark

A.2.4 Absorption spectra of separated pigment fractions
Now your will try to predict more accurately the pigments contained in the total
extract of your lettuce leaf as well as the separated pigments in the layers after the
separation in the previous section.
You must have a print out of your absorption spectrum at various wavelengths of
your total, your upper layer and your lower layer.
a) Attach your printed graph with the Absorption Spectra in this page.
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2.000
3: Lower

Absorbance

1.500
2: Upper
1.000
1: Total
0.500

0.000
400.0

500.0

600.0

700.0

Wavelength (nm.)

b) Study the experimental absorption spectra and insert appropriate numbers based on
your data:
4 marks
Maximum absorption range for total extract:

430 – 470 nm & 630 – 670 nm
correct ranges (0.5 marks for each) 1 mark

Wavelengths reflected from the total extract are between:

500 – 600 nm
correct range 1 mark

The upper layer is visible as the colour you see because according to its experimental absorption spectrum it absorbs light of wavelengths between:
400 – 500 nm & 620 – 680 nm

correct ranges (0.5 marks for each) 1 mark

The lower layer is visible as the colour you see because according to its experimental absorption spectrum it reflects light of wavelengths between:
500 – 620 nm

correct range 1 mark
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c) Now look at the individual absorption spectra of known pigments, and the experimental absorption spectra of your upper and lower layers. Find the major pigments present
in each layer? Chose from the options below. Each letter can be used twice.
3 marks
a. Carotene
b. Chlorophyll a
c. Chlorophyll b
d. Xanthophylle
e. Anthocyanine
f. Pheophytin
Pigments present in upper layer:

b. & f.
Correct answer based on experimental results 1 mark

Pigments present in lower layer:

a., c. & d.
Correct answer based on experimental results 1 mark

Pigments present in red lettuce:

a., b., c., d. & f.
Correct answer based on experimental results 1 mark

A.2.5 What happens when pigments absorb light?
Fluorescence capture and release of solar energy
a) You should have observed a colour change when the upper layer was placed in front of
the halogen lamp. What was this change? Choose one of the options below.
Note: The intensity of the colour change will depend upon the pigment concentration of
your solution (and, hence, on your original extraction technique).
0.5 marks
a. from red to green
b. from yellow to brick red
c. from green to brick red
d. from green to yellow e. no change was obeserved
Observed colour change: c.
Correct answer 0.5 marks
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The wavelengths λ of the absorbed light lie within the ranges 400 – 500 nm
and 620 – 680 nm.
The energy E of the photons is calculated by
E=

h∙c
λ

where h = 6.63 ∙ 10 – 34 J s denotes Planck’s constant and c = 3.0 ∙ 108 m s-1
the speed of light. Therefore the energy ranges for the absorbed photons are
4.0 ∙ 10– 19 J ≤ E ≤ 3.3 ∙ 10 – 19 J (for the range 400 – 500 nm)
2.9 ∙ 10– 19 J ≤ E ≤ 3.2 ∙ 10 – 19 J (for the range 620 – 680 nm)
correct formula for energy 1 mark
correct calculations and answers 2 marks

c) When a pigment absorbs a photon of certain energy, electrons in the pigment molecule
use this energy to jump to a higher energy state. In the thylacoid membrane of the chloroplast these electrons are transported by neighboring molecules. In your experiment
the electrons ...
1 mark
a. ... dissolve in the solution, their energy is lost and is emitted as fluorescence of
a certain wavelength which is manifest as the observed colour change.
b. ... can not be transported and fall back into their lower energy state. Their energy is emitted as fluorescence of a certain wavelength which is manifest as the
observed colour change.
c. ... resonate with the electromagnetic waves sent by the lamp and result in a
new wavelength which is manifest as the observed colour change, know as
fluorescence.
d. ... are transported by other pigments dissolved in the upper layer. During this
transport their energy is emitted as fluorescence of a certain wavelength which
is manifest as the observed colour change.
Answer: b.

55

Energy from Light

b) If you have noticed a colour change, this phenomenon is known as fluorescence. According to the experimental absorption spectrum of your upper layer and your answers in
section A.2.4 calculate the range of photon energy absorbed by your upper layer.
3 marks
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d) Do you expect fluorescence to generally occur in living plants? Choose the most appropriate answer from the options below.
1 mark
a. Yes. That is why we observe so many different colours in leaves, mainly in the
fall.
b. Yes. Pigments absorb photons and shift their electrons to a higher energy state.
These electrons need to return to the low energy state and while doing that
they emit fluorescence.
c. No. Other molecules are present in the thylacoid membrane which capture
and transport the excited electrons.
d. No. The excited electrons in living plant cells are not soluble in the stroma of
the chloroplast
Answer: c.
e) If not all pigments take part in photosynthesis can you suggest other roles which they
might play in plants?
1 mark
a. According to their absorption spectra, some pigments can protect the plant
from UV radiation.
b. Some pigments may be are useful for pollination.
c. Both a. and b. are correct.
d. None of the above.
Answer: c.
f ) If non polar compounds don’t mix with polar compounds how do polar and non polar
pigments co-exist in the leaf ?
1 mark
a. Polar and non polar pigments reside in different compartments of the plant
cells, like the cytoplasm and the membrane respectively.
b. Polar Pigments can be associated with transmembrane proteins that dock them
on the thylacoid or other cellular membranes.
c. Polar and non polar pigments reside in different plant cells, polar and nonpolar respectively.
d. The conditions we followed in the experiment are artificial. In nature pigments
are neither polar or non polar because the plant cell maintains a chemical equilibrium.
Answer: a.
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Task B

Light Energy
Introduction
The sun provides our planet with a staggering amount of energy. Green plants
convert solar energy through photosynthesis to biomass with a typical yearly
average efficiency of less than 0.3 %.
Direct utilization of solar radiation to produce electricity is close to an ideal way
of utilizing nature’s renewable energy flow. With photovoltaic cells, power can
be produced near the end user of the electricity, thus avoiding transmission
losses and costs. The solar panels themselves operate without noise, toxic and
greenhouse gas emissions and require very little maintenance. Furthermore, the
huge theoretical potential and the very high practical potential of solar electricity make it attractive for large-scale utilization.
Despite significant developments over the past decades the high cost of solar
cells has remained a limiting factor for the utilization of solar electricity at a large
scale. The standard silicon solar cell technology has matured to a stage where
cost reductions are mostly foreseen only by the economies of scale. Cost calculations of thin film photovoltaic technologies on the other hand place them
more or less at the same level with standard silicon technology. There is therefore a prevailing need for the development of new materials and concepts for
photovoltaic conversion, to lower the price of solar cells.
The general trend of nanotechnology has recently emerged also in the field of
photovoltaic energy conversion. Development of material engineering in the
nanometer scale has generated new photovoltaic materials and systems that
could potentially lead to realization of low-cost solar cells in the future. These
materials include for example different types of synthetic organic materials and
inorganic nanoparticles and nanoparticle systems. The solar cells based on these
materials are called organic solar cells or molecular solar cells. In the process,
chemistry has emerged as a new key science alongside with physics in the development of new photovoltaic devices.
The best known and studied unconventional photovoltaic system is the dye
sensitized nanostructure solar cell (DSSC) developed by Professor Grätzel (Lausanne, Switzerland) in 1991. At the moment this unique photo electrochemical solar cell based on a TiO2 nanoparticle photo electrode sensitized with a
light-harvesting organic dye, is on the verge of commercialization offering an
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interesting alternative for the existing silicon based solar cells as well as for the
thin film solar cells. At the same time research activity as well as industrial interest around this technology is growing fast.

Operation principle of the dye sensitized solar cell (DSSC)
Dye sensitized solar cells are novel solar cells that scientists are developing. These
cells have a lot of potential because they can be made with low-cost materials and
manufactured at a low cost. Dye sensitized cells can work effectively in low lighting
conditions, such as cloudy skies, where traditional cells lose some of their energy.
Also, traditional models lose energy to heat. Dye sensitized solar cells are less susceptible to losing energy to heat.
A dye sensitized solar cell consists of two glass electrodes in a sandwich arrangement (see Fig. 1). The electrodes are made conductive through thin tin dioxide
layers on one side. Each layer has a specific function in the cell. The glass electrodes
are transparent which allows the light to pass through the cell. The tin dioxide
coating is a transparent, conductive layer. The titanium dioxide serves as a holding
place for the dye. The dye molecules (artificial or natural) collect light and produce
excited electrons, which cause a current in the cell. The iodide electrolyte layer acts
as a source for electron replacement. The conductive layer (the right one) is coated
with a graphite carbon layer which serves as a catalyst. In the following, S does not
mean sulfur but the dye substrate.

e-

(S+/S*)

hv
(S+/S)

TiO2

CE

e-

e(I-/I3-)

e-

Figure 1: Schematic of DSSC operating principle.
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S: dye molecule
S *: excited dye
S +: oxidized dye
CE: counter electrode
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S + light → S *
S * + TiO2 → e ¯ (TiO2) + S +
e ¯ (TiO2) + CE → TiO2 + e¯ (CE) + electrical energy
S + + 3/2 I ¯ → S + 1/2 I3¯
1/2 I3¯ + e ¯ (CE) → 3/2 I ¯ + CE

Task B.1 – Nanocrystalline dye sensitized solar cell
construction procedure
Material and equipment
• Titanium Dioxide TiO2 suspension
5 mL
• Pomegranate juice + 10 % distilled
water 40 mL
• Iodide electrolyte 15 mL in plastic
dropper bottle
• Ethanol 300 mL
• Isopropanol 100 mL
• Deionized water 500 mL
• 2 Conductive glass plates
• Digital multimeter
• Electric leads
• Scotch (3M) adhesive tape
• Glass rods

• Petri dish
• Petri dish covers
• Hot air gun with stand
• Glass cylinder for hot air gun
• 100 mL glass cylinder
• Graphite pencil
• 2 Binder clips
• Tongs
• Tweezers
• Pair of scissors
• Cotton sticks (bulbs)
• Soft paper tissues (box)
• Safety goggles
• Protective gloves
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Dye sensitized solar cells produce electricity through electron transfer. Sunlight
passes through the conductive glass electrode. The dye absorbs the photons of
light and one of the electrons in the dye goes from the ground state to an excited
state. This is referred to as photo excitation. The excited electron jumps to the titanium dioxide (TiO2) layer and diffuses across the film. The electron then reaches the
conductive electrode, travels through the wire, and reaches the counter electrode.
The dye molecule, having lost an electron to the titanium dioxide, is now oxidized,
which means it has one electron less than before. The dye wants to recover its initial state so it seeks to obtain an electron. It obtains this electron from the iodide
electrolyte (I ¯ ) and the dye goes back to the ground state. This causes the iodide to
become oxidized. When the original lost electron reaches the counter electrode, it
gives the electron back to the electrolyte (I3¯ ) (see Fig. 1).
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B.1.1 Deposition of TiO2 Film
1. Obtain and clean two conductive glass plates (2.5 cm x 2.5 cm) by rinsing them
in ethanol and then carefully drying with soft tissue. Once you have cleaned the
glass plates, do not touch the faces of the plates, as the oils on your hand will
contaminate these surfaces.
Hint: During the experiment handle glass plates using tongs or pick them up at the
edges.
2. Use a digital multimeter, set to ohms, in order to check which side of the glass is
conductive; the reading should be between 10 and 30 ohms for the conductive
side.
3. Orient one glass plate with the conductive side up. This plate will be coated
with the TiO2 suspension. Turn over the other glass plate, so that the conductive side is face down. Place it next to the glass slide that is to be coated. When
the assembly is completed, one glass plate will be conductive side up and the
other with its conductive side down (keep track of the plate that is conductive
side up). At this stage, the second glass plate merely aids in the coating process.
4. Apply two pieces of Scotch (3 M) adhesive tape (6 – 7 cm in length) to the top
faces of the glass plates, in order to mask a strip no more than 1 mm wide on
the two longer edges. (See Fig. 2).

TiO

2

Figure 2: Orientation of conductive glass plates, masking of plates and application of
Titanium dioxide to the surface of the conductive plate.
5. Apply another piece of adhesive tape along the top of the glass to be coated so
as to mask a 4 to 5 mm strip. The three pieces of tape should extend from the
edge of the glass to the table in order to secure the plates to the table.
This tape controls the thickness of the TiO2 layer, forming a 40 – 50 µm deep
channel for the TiO2 suspension. The tape also masks a strip of the conductive
glass so that an electrical contact can later be made.
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7. Within five seconds after application of the TiO2 suspension, slide (do not roll)
a clean glass rod (held horizontally) over the plate to spread and distribute the
material (see Fig. 3). The most successful technique for achieving a uniform film
is to use a rapid sweeping motion of the rod towards the bottom of the setup
and then back over the film in the opposite direction.

Figure 3: A rapid sweeping motion of the glass rod is used to coat titanium dioxide
suspension on the masked conductive glass plate.
8. If the coating looks non-uniform, then the material can be wiped off the plate
and the glass rod wiped with a dampened tissue and the deposition procedure
repeated. After deposition of the TiO2 suspension, carefully remove the tape.
Place the plate in a Petri dish without touching its face and cover it. Allow the
TiO2 film to dry for one minute. Wash with distilled water and ethanol and dry
the non-coated plate and clean the glass rod.

B.1.2 TiO2 Sintering
Anneal the TiO2 film on the conductive glass plate using the hot air gun provided.
The heating of the film should take place in the hood.
1. Transfer carefully the conductive glass (Titanium dioxide side up) into the horizontal glass tube, pushing it deep enough with the glass rod (see Fig. 4). Ask
the invigilator to check your system and then set air gun switch to stage 1
(upwards). The air temperature reaches 450oC and the titanium dioxide film
anneals and sinters by heating for 30 minutes. Careful: Do not touch the glass
tube during and immediately after operation of the gun, since the temperature
there is very high.
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6. To coat the glass, a thin line (or three drops) of the TiO2 suspension is uniformly
applied to the edge near the tape of the conductive-side-up glass using a glass rod.
Be careful, do not dip the glass rod in the TiO2 suspension, but just touch the
rod on the surface of the suspension.
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Hint: While waiting for the sintering to be completed, carry out Experiment 2
2. After annealing is completed, allow the glass plate to slowly cool within the
glass cylinder to room temperature. This will take at least fifteen minutes.

Figure 4: The film is placed inside a glass tube furnace for annealing of the titanium
dioxide film on the conductive glass.
3. Store the coated plate (coated side up) in a clean Petri dish for later use and
cover it.

B.1.3 TiO2 staining with anthocyanin & carbon
coating glass plate
1. Transfer the cooled TiO2-coated glass plate and place it (coated side face down)
into a Petri dish containing a 30 mL anthocyanin (pomegranate juice) solution.
The complexation of anthocyanin with the TiO2 surface is a fast process. Soak
the TiO2-coated glass plate for 10 minutes in the dye. If any of the white colour of the TiO2 can be seen upon viewing the stained film from either side of
the glass plate, then the film should be placed back in the dye solution for an
additional 5 minutes ...
Hint: While soaking the titanium coated plate in the anthocyanin solution a member
of the team may carry out experiment 3.
Do not remove the glass plate from the pomegranate solution until you are ready to
assemble the solar cell in the next section.
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Figure 5: The dye molecule must possess carbonyl (– C = O) or hydroxyl ( – OH)
groups capable of complexing (chelating) to TiO2.
2. While the TiO2 electrode is being stained in the pomegranate juice, the carboncoated counter electrode can be made from the other conductive (2.5 cm x
2.5 cm) glass plate.
Clean your second glass plate (the one that is not soaking in pomegranate juice)
by rinsing it in ethanol and then drying with a soft tissue . Use a digital multimeter, set to ohms, in order to check which side of the glass is conductive; the
reading should be between 10 and 30 ohms.
3. Hold the conductive glass plate on the bench by the edges or with tweezers.
Using a graphite (carbon) pencil provided, apply very tightly, pressing the plate,
a uniform carbon film to the entire conductive side of the plate. Be careful not
to miss any spots. This thin carbon layer serves as a catalyst for the electron
transfer resulting in the triiodide to iodide regeneration reaction. No tape is required for this electrode, and thus the whole surface is coated with the catalyst
(see Fig. 6).

Figure 6: Coating of counter electrode with the carbon catalyst.
4. The catalyst coating on the counter electrode should not be touched. It should
not be rubbed or slid against the TiO2 electrode or any other surface. The counter electrode should be picked up at the edges and carefully placed where it is
desired.
63

Light Energy

Titanium dioxide
surface
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B.1.4 Solar cell assembly
1. Using tongs remove the glass plate (which is stained dark purple) from the
pomegranate juice and rinse it first with deionized (distilled) water, and then
with ethanol.
2. Place the plate on a paper tissue with the film side up. Gently press the TiO2
with another dry tissue (repeat drying procedure using ethanol).
3. It is important to dry the stained glass plate and to remove the water from within the porous TiO2 film before the iodide electrolyte solution is applied to the
film. One way to ensure the TiO2 film is dry is to repeat the above procedure
with isopropanol.
4. To avoid excessive exposure of the stained film to air, the following step should
be completed within 1 minute. Place the dried and stained electrode on a flat
surface so that the TiO2 film is face up; the carbon-coated counter electrode
is placed on top of the TiO2 film such that the conductive side of the counter
electrode faces the TiO2 film.
5. Gently lift the counter electrode and offset the two plates so that all of the TiO2
is covered by the carbon-coated counter electrode, and the outermost 4 – 5
mm strip of each glass plate is exposed (see Fig. 7). The two exposed sides of
the device will later serve as the contact points for the negative and positive
electrodes.

Figure 7: Assembled dye sensitized solar cell. The two glass plates are offset so that
the uncoated portion of the TiO2 plate is exposed. A portion of the catalyst coated
plate will also be exposed. Light will enter the assembly through the TiO2 side of
the cell.
6. Carefully pick up the assembly while it is in this orientation. Place two binder
clips on the longer edges to hold the plates together.
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8. Wipe off the excess electrolyte from the exposed areas of the glass using cotton
sticks (buds) dampened with ethanol and finally with dry tissues. It is important that the electrolyte is completely removed from the two exposed sides of
the cell.

B.2 – Volumetric determination of iodine in DSSC
electrolyte solution
Material and equipment
• Sodium thiosulphate solution
Na2S2O3 (0.0780 M) 60 mL
• Iodine/potassium iodide solution
in ethylene glycol 45 mL
• Deionized water 500 mL
• Starch indicator solution 10 mL
• 10 mL glass pipette

• 50 mL Burette with stand
• Erlenmeyer flask
• 100 mL glass beaker
• Graduated plastic Pasteur pipette
• Pipette filler bulb
• Safety goggles
• Protective gloves

The dye sensitized solar cell (DSSC) electrolyte is an I2 / KI (I3¯ ) solution in ethylene
glycol solvent. The chemical equation of the reaction between sodium thiosulphate,
Na2S2O3 and I3¯ is given below.
I3¯

+

2 S2O32 ¯ → 3I¯ + S4O62 ¯

Instructions
1. Prepare and fill the burette with the standard solution of sodium thiosulphate
Na2S2O3 0.0780 M.
2. Record the initial reading of your burette in the answer sheet.
3. Using a pipette, transfer an aliquot of 10 mL of the solution of iodine in ethylene
glycol into a clean Erlenmeyer flask.
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7. The iodide electrolyte solution consists of KI mixed with I2 in ethylene glycol.
Carefully place two drops of this I3¯ solution at one edge of the plates. Keeping
the plates sandwiched together, alternately remove and replace each binder
clip. This creates a small space between the plates into which the solution is
drawn by capillary action. Continue alternating between the clips until all of the
stained area is contacted by the electrolyte.
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4. Titrate, swirling the conical flask until a yellow colour appears. Add 2 mL starch
indicator and 10 mL deionized (distilled) water and continue titration until the
blue black colour disappears and the solution becomes colourless.
5. Record the final reading of your burette in the answer sheet.
6. Repeat the titration three times.
Complete the table in the answer sheet.
Calculate the molar concentration of I3¯ in the electrolyte with an accuracy of four decimals. Record your calculations and the result on your answer sheet.

Task B.3 – Chemical properties of anthocyanin
Material and equipment
• Pomegranate juice + 10% distilled
water 40 mL
• Deionized water 500 mL
• Hydrochloric acid HCl (1 M) 20 mL
• Ammonia solution NH3 0.5% 20 mL
• Aluminium chloride AlCl3 3 g
• Test tubes with their stand
• Tongs

• 10 mL glass cylinder
• 100 mL glass beaker
• Graduated plastic Pasteur pipette
• Pipette filler bulb
• Small spatula
• Safety goggles
• Protective gloves
• Marker

Using a 10 mL glass cylinder transfer one mL of pomegranate anthocyanin solution
and 9 mL of distilled water into a 100 mL beaker (solution A). Using a plastic graduated Pasteur pipette transfer 1mL of the diluted solution (solution A) into each of 4
test tubes (you should label test tubes with a marker T1 to T4). 1 drop of HCl is then
added to the solutions of T2, T3 and T4. Five drops of ammonia solution are added to
T3. Using a small spatula add an amount of aluminium chloride from the tip of the
spatula to T4. Shake all test tubes very well.
Complete the table and answer the supplementary questions on the answer sheet.
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Material and equipment
• TiO2 solar cell assembled in Task B.1
• Digital multimeters
• 500 Ω potentiometer
• Halogen lamp on stand

• Electric leads
• Crocodile clips
• Safety goggles
• Protective gloves

The power of a cell is the rate at which the cell supplies energy to a circuit, i.e.
Power of a cell = energy supplied by the cell / time.
The power (P) given by a cell to a circuit can also be found by multiplying the voltage (V) across the cell and the current (I) through the cell, i.e. P = I · V
Power is measured in watts (W), voltage is measured in volts (V) and current is
measured in amperes (A).
The efficiency of an energy conversion process is defined by: efficiency = useful energy
output / total energy input and is expressed as a fraction or as a percentage.
Your completed cell will be illuminated by the beam of a halogen lamp. This cell is a
kind of battery that derives its energy from the lamp. A set of values for the current
and the voltage output will be measured. Using these values the power generated
by the cell will be calculated and finally the efficiency of the cell will be determined.

B.4.1 Open circuit voltage and short circuit
Prepare the apparatus
1. The negative electrode is the TiO2 coated glass. Attach the black crocodile clip
to the TiO2 coated glass. Attach the red crocodile clip to the counter electrode.
2. Place the light source approximately 2 cm – 3 cm directly above the cell.
3. Make sure the cell is oriented so that light enters the cell through the TiO2 side,
and that the solar cell and the light source do not move during the next part of
the experiment.
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the solar cell
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Measure the open circuit voltage and the short circuit current
The maximum voltage output and current can be measured by attaching the multimeter directly to the two sides of the cell using the connecting leads.
Figure 8 shows how the voltmeter and the ammeter are connected to the cell.

cell

cell

V

A

voltmeter

ammeter

Figure 8: Circuit diagrams for measuring the open circuit voltage (left) and the short
circuit current (right).
4. Switch on the main so the halogen lamp illuminates the cell. Do not touch the
halogen lamp. It becomes very hot!
5. Allow the cell to stabilize in the light source for five minutes before taking measurements.
6. Measure the maximum voltage (open circuit voltage) by connecting the multimeter across the solar cell. Set the multimeter to mV (1 mV = 10-3 V).
Record this number on your answer sheet.
7. Measure the maximum current (short circuit current) by connecting the multimeter across the cell. Set the multimeter to mA (milliamperes).
Record this number on your answer sheet.

B.4.2 Voltage-current characteristics of DSSC
The full range of values for the current (I) and voltage (V) will be determined using
a 500-ohm potentiometer as a variable load.
Before you start: If the maximum current you have measured is greater than 1.6
mA continue measuring the full range of values for the voltage and current.
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Then begin your experiment again by placing liquid I3¯ solution to the new cell.
Repeat steps 5, 6 and 7 above and record the new values of voltage and current on your
answer sheet.
8. Show your circuit diagram needed to obtain the voltage and current values on the
answer sheet.
9. Hand in this answer sheet to the lab assistant. The lab assistant will provide you with
the suitable circuit diagram in order to continue with your experiment.
10. Use the circuit diagram provided and complete the circuit.
11. Test your setup by changing the resistance of the circuit (i.e. moving the knob
on the potentiometer). Note if the values of current and voltage change. If they
don’t, check your connections.
12. Gather point-by-point current and voltage data pairs at incremental resistance
values. Do not move the solar cell or light source during these measurements.
Note that increments of 10 mV will suffice for most of the measurement. Record
each pair of values on your answer sheet.
13. When you are finished taking measurements switch off the light source.

B.4.3 Analysis
14. Determine the output power of the cell for each pair of values for the voltage
and current. Record the power of the cell on your answer sheet.
15. Plot the current (I) against the voltage (V) on the graph paper given. Plot also
the open circuit voltage and short circuit current and obtain a smooth curve.
16. Plot the power (P) against the voltage (V) on the graph paper given. Obtain a
smooth P – V curve.
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If the maximum current you have measured is less than 1.6 mA call the lab assistant
and ask her / him for a new cell.
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The incoming solar intensity on earth, is approximately 80 – 100 mW / cm2. Approximately the same intensity reaches the cell from the light source when the source is
placed at a distance of 2 cm – 3 cm from the cell.
At this final step of your calculations you will determine the sunlight to electrical
energy conversion efficiency.
17. Determine from your P – V graph the maximum power output of the cell.
Record the maximum power on your answer sheet.
18. Use the ruler to measure the dimensions of the active (stained) area of the solar
cell. Record the area on your answer sheet.
19. Divide the maximum value of the power by the active area of the cell (mW / cm2).
Record the result of the power per unit area on your answer sheet.
20. To determine the sunlight to electrical energy conversion efficiency, divide the
maximum power per unit area of the cell by the incoming solar intensity (80
mW / cm2). Record the efficiency as a percentage on your answer sheet.
21. Answer the additional question on the answer sheet.
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Task B

Light Energy – Answer sheet
Task B.1 – Nanocrystalline dye sensitized solar cell
construction procedure (15 marks)
Theoretical questions
a) Assuming an individual TiO2 particle is a sphere with a diameter of 20 nm and density
3.84 g / cm3 calculate:
• The mass m of a TiO2 particle in grams (g).
• The surface area A of a TiO2 particle in cm2.
• The specific surface area σ = A / m of TiO2 in m2 /g.

5 marks

Volume
V = 4/3· π · r3 = 4/3 · 3.14 · (10 nm)3 = 4.2 · 10-18 m3
Mass of a TiO2 particle (density times volume):
m = 3.84 g cm-3 · V = 3.84 g cm-3 · V = 1.6 · 10-17 g
Surface area
A = 4 · π · r2 = 4 · 3.14 · (10 nm)2 = 1.3 · 10-15 m2 = 1.3 · 10-11 cm2
Speciﬁc surface area
σ = A/m = 78 m2 g -1
correct formula for mass 1 mark
correct result for mass 1 mark
correct formula for surface area 1 mark
correct result for surface area 1 mark
correct result for speciﬁc surface area 1 mark
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b) Choose the option that best describes the net reaction taking place in the dye sensitized
solar cells.
1 mark
a.
b.
c.
d.
e.

e¯ (TiO2) + C.E.
1/2 I3¯ + e¯(C.E)
light
S + light + TiO2
S* + C.E.

Answer:

→
→
→
→
→

TiO2+ e¯(C.E.) + electrical energy
3/2 I¯ + C.E.
electrical energy
e¯ (TiO2) + S+
S+ + e¯(C.E.) + electrical energy

c.

c) Graphite carbon on the counter electrode is considered as catalyst for the reaction
1 mark
1/2 I3¯ + e¯(C.E.) → 3/2 I¯ + C.E.
because ...
a. ... it lowers the rate of the reaction.
b. ... it increases the activation energy of the reaction.
c. ... it changes the equilibrium constant of the reaction.
d. ... it is consumed in the course of the reaction.
e. ... it increases the rate of the reaction.
Answer:

e.

d) Ethylene glycol (CH2 OHCH2OH) is completely miscible with water because ...

1 mark
a. ... both molecules are non polar.
b. ... water molecule is polar and ethylene glycol molecule is not polar.
c. ... ethylene glycol molecule is polar and water molecule is not polar.
d. ... hydrogen bonds are formed between water and ethylene glycol molecules.
e. ... both substances have the same density.

Answer:

d.
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a. ... anthocyanin is permanently oxidized.
b. ... the Electrolyte is oxidized.
c. ... electrolyte is lost.
d. ... the internal resistance of the cell increases.
e. All above reasons are correct.
Answer:

e.

1 mark

f ) Anthocyanin is water soluble because ...
a. ... its molecule is small.
b. ... its molecule has many hydroxyl groups.
c. ... it is an organic molecule.
d. ... it is an inorganic molecule.
e. ... its molecule is excited by light.
Answer: b.

g) Compare natural photosynthesis and the dye sensitized solar cell (DSSC) you have
constructed. In the first column. boxes contain compounds involved in photosynthesis.
Correlate the boxes of the first column with boxes of the second column which contain
compounds involved in DSSC by the role they play. Connect corresponding boxes with a
line. You may use a compound from the second column twice.
5 marks (1 per correct line)
Compounds involved
in photosynthesis

Compounds involved
in DSSC

H20

Anthocyanin

Chlorophyll

TiO2

NADP+

–
I3

CO2

I

O2
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e) The performance of dye sensitized solar cell decreases after a while because ... 1 mark
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Task B.2 – Volumetric determination of iodine in
DSSC electrolyte solution (18 marks)
12 marks

a) Fill in your titration data into the table below.
Titration No.

Initial burette
reading (mL)

Final burette
reading (mL)

Volume of Na2S2O3 solution
consumed (mL)

1

8.05

20.35

12.30

2

20.30

32.50

12.20

3

32.50

44.60

12.10

Average volume of Na2S2O3 solution consumed (mL)

12.30 ± 0.10mL: 12 m.
12.30 ± 0.40mL: 6 m.

12.20

Expected volume of Na2S2O3 solution is 12.3 mL.
Marks for the average volume are awarded following the scheme:
12.30 ± 0.20mL: 10 m.
12.30 ± 0.30mL: 8 m.
12.30 ± 0.50mL: 4 m.
outside 12.30 ± 0.50mL: 0 m.
in addition marks are substracted if the following situations occur:
titration volumes have no second decimal: -4 marks
number of titrations is only two: -4 marks
number of titrations is only one: -8 marks
if titration volumes differ by more than 0.10 mL each: -12 marks

b) Calculate the Iodine complex I3¯ concentration with an accuracy of three significant
figures.
6 marks
Amount of substance
n (S2O32-) = 0.0780 mol/L · 12.30 mL = 9.59 · 10-4 mol
n (Ι3¯) = ½ · n (S2O32-) = 4.80 · 10-4 mol
Concentration
c (Ι3¯) = n (Ι3¯) / V(Ι3¯) = 4.80 · 10-4 mol / 10.0 mL = 0.0480 mol L-1
correct result for amount n(S2O32-) 2 marks
realizing that amount of iodine complex is only half this value 2 marks
correct result for amount n(Ι3¯) 1 mark
correct result for concentration of iodine complex 1 mark
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a) Observe the colours of the solution in your test tubes and complete the table with your
observations using the key
B
V
PR
R

blue
violet
pale red
red
4 marks (1 per correct colour identification)

Test tube

Composition

Colour of solution (use codes)

Test tubeT1

Anthocyanin aqueous solution

PR

Test tube T2

Anthocyanin aqueous solution.
HCl

R

Test tube T3

Anthocyanin aqueous solution.
HCl. NH3 (aq) solution

B

Test tube T4

Anthocyanin aqueous solution.
HCl. AlCl3 crystals

V

b) Anthocyanin changes its colour upon addition of HCl or ammonia solution because ...
1 mark
a. ... anthocyanin molecules form dimers.
b. ... anthocyanin reacts with HCl and is oxidized.
c. ... anthocyanin complexes with HCl.
d. ... anthocyanin is an acid-base indicator.
e. ... anthocyanin complexes with ammonia
Answer:

d.

c) Anthocyanins are a well-known group of antioxidants. Antioxidants are chemical
substances that protect cell from the oxidative damage that leads to aging and disease.
Anthocyanins prevent injury to blood vessel membrane, helping to optimise blood
flow to the heart and brain, defend against cancer-causing DNA damage and help
lower the risk of cardiovascular disease, dementia included Alzheimer’s disease.
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Which of the following statements show the chemical action of antioxidants in our body?
1 mark
a. Antioxidants are oxidising agents and gain electrons.
b. Antioxidants are oxidising agents and donate electrons.
c. Antioxidants are reducing agents and donate electrons.
d. Antioxidants are reducing agents and gain electrons.
e. Antioxidants are neither reducing nor oxidising agents.
Answer:

c.

Task B.4 – The electrical output characteristics of
the solar cell (61 marks)
B.4.1 Open circuit voltage and short circuit current
a) Record the maximum voltage (open circuit voltage) of your dye sensitized solar cell.
12 marks
Open circuit voltage of DSSC:
395 mV
To evaluate the open circuit voltages (OCV) all cells with an OCV less than V0 : = 100 mV where first
discarded (0 marks). The remaining cells had an average OCV of Vavg : = 250 mV. The marks (x) for cells
with an OCV of V (higher than V0) were determined according to the formula
x=

(V – V0 )
(Vavg – V0 )

· 6 marks

(maximum 12 marks)

b) Record the maximum current (short circuit current) of your dye sensitized solar cell.
12 marks
Short circuit current of DSSC:
2.86 mA
To evaluate the open circuit voltages (SCC) all cells with an SCC less than I0 : = 0.5 mA where first discarded
(0 marks). The remaining cells had an average SCC of Iavg : = 1.7 mA. The marks (y) for cells with an SCC
of I (higher than I0) were determined according to the formula
y=

(I – I0 )

· 6 marks

(I – I0 )
(maximum 12 marks)
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a) Draw the circuit diagram for obtaining voltage and current values.

3 marks

cell

V
A

potentiometer
3

1

2

Correct diagram 3 marks
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b) Gather point-by-point current and voltage data pairs at incremental resistance values.
Record each pair of values in the table.
7 marks
Voltage
(mV)

Current
(mA)

Power
(mW)

15

2.61

0.039

26

2.56

0.067

40

2.43

0.097

59

2.24

0.132

77

2.19

0.169

94

2.04

0.192

113

1.87

0.211

134

1.77

0.237

155

1.58

0.244

176

1.37

0.241

197

1.25

0.246

213

1.04

0.222

236

0.93

0.220

254

0.89

0.225

271

0.73

0.198

295

0.53

0.155

312

0.43

0.134

335

0.21

0.070
data taken over reasonable range of
voltage values (less than 10% up to more
than 75% of maximum voltage) 2 marks
data taken over reasonable range of
current values (less than 10% up to more
than 75% of maximum voltage) 2 marks
evenly spaced data with 10 or more pairs
of values 3 marks
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B.4.3 Analysis
a) Calculate and record the corresponding DSSC power output for each pair of values in
the table above.
2 marks for correct calculation
b) Plot the current I against the voltage V. Include the open circuit voltage and the short
circuit current data.
6 marks

3.50

3.00

Current I in mA

2.50

2.00

1.50

1.00

0.50

0.00

0

50

100

150

200

250

300

350

400

Voltage V in V

correct labelling of axes 1 mark
correct plotting of data 2 marks
smooth curve 2 marks
inclusion of OCV and SCC data 1 mark
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c) Plot the power P against the voltage V. Include the open circuit voltage and the short
circuit current data.
6 marks

0.30

Power P in mW

0.25

0.20

0.15

0.10

0.05

0.00
0

50

100

150

200

250

300

350

400

Voltage V in V

ccorrect labelling of axes 1 mark
correct plotting of data 2 marks
smooth curve 2 marks
inclusion of OCV and SCC data 1 mark

d) Determine the maximum power output of your DSSC using the P-V graph above.
2 marks
Maximum power output of DSSC:

0.24 – 0.25 mW
correct reading from graph 2 marks

e) Determine the active (stained) area of your DSSC using the ruler.
Active area of DSSC

2 marks

5.25 cm2
reasonable value (several cm2 but not larger than 6.25 cm2) 2 marks
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f ) Calculate and record the maximum power per unit area of your DSSC.

2 marks

Calculation
Pmax / A = 0.25 mW / 5.25 cm2 = 0.048 mW cm-2
taking correct values of previous tasks 1 mark
correct calculation 1 mark

g) Determine the sunlight to electrical energy conversion efficiency of your DSSC.
3 marks
Calculation
(Pmax / A) = 80 mW cm-2= 0.060 %
taking correct values of previous tasks 1 mark
using 80 mW cm-2 1 mark
correct calculation and result 1 mark

h) If the solar intensity is 800 W m-2, estimate the efficiency of a solar cell array that is
needed to obtain 1 kW electrical power for a typical home, if the active area of the solar
array is 10 m2.
4 marks
Input Power
Pin = 800 W m-2 · 10 m2 = 8000 W
Conversion efﬁciency
Pout / Pin = 1000 W / 8000 W = 12.5 %
Since sunlight is available roughly 8 out of 24 hours a day, the conversion
efﬁciency can be estimated to
η = 12.5 % · 3 = 37 %
correct calculation of input power 1 mark
determining Pout / Pin 1 mark
taking into account the hours of sunlight a day 1 mark
result 1 mark
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Overview
The 7th European Union Science Olympiad was held in Murcia, Spain, from March
28th to April 5th, 2009. The Regional Government of Murcia was the organizer and the
University of Murcia hosted the laboratory tests. The Spanish Royal Society of Physics, the Spanish Royal Society of Chemistry and the National Association of Chemists
(ANQUE) were the co-organizers sponsored by the Spanish Ministry of Education.
The Director of EUSO 2009 was Dr. Juan A. Rodríguez Renuncio, Professor of Physical Chemistry at the Complutense University (Madrid). During the eleven months
previous to the event, a multidisciplinary team of the University of Murcia chaired by
Dr. Manuel Hernández Cordoba, Professor of Analytical Chemistry at the University
of Murcia developed the tests. The lodging Hotel was at Los Narejos, a small village
by the Mar Menor seashore. The two tests were designed over the traditional and
common products of the region: silk and fruit juice.
The 21 participating countries brought to Murcia a total of 40 teams of three students
each. Hungary and Portugal participated for the fist time and France and Romania
sent observers.

ö Local Team for the 7th EUSO 2009
Honorary Presidency: H. M. The King Juan Carlos I
Executive Committee: Mrs. Rosa Peñalver Pérez, General Director of the Ministry of Education
Mr. Carlos Romero Gallego, General Director of the Regional Government
Prof. Francisco Guillermo Díaz Baños, Vice-President University of Murcia
Prof. Juan A. Rodríguez Renuncio, Director of EUSO 2009
Scientific Committee: Prof. Manuel Hernández Cordoba (Chairman)
Dr. Jorge Molero Fernández (Vice-Director and Coordinator EUSO 2009)
Prof. Carmen López Erroz (Analytical Chemistry)
Prof. Arturo Manjón Rubio (Biochemistry)
Prof. Antonio Sánchez Amat (Microbiology)
Prof. Jorge de Costa Ruiz (Physiology)
Prof. Antonio Guirao Piñera (Optics)
Prof. Patricia Lucas Elio (Microbiology)
Prof. Rafael García Molina (Applied Physics)
Prof. Gloria Víllora Cano (Chemical Engineering)
Dr. Antonio Méndez Colmenero (Biotechnology)
Laboratory Assistants: Mr. David Meseguer Pardo, Ms. Mercedes García Ibáñez
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Medals and results 2009
(bronze medals in alphabetical order)

Rank

Team

Medal

Task A

Task B

Total

(94)

(85)

(179)

%

1

Czech Republic A

Gold

92

82

174

97.2

2

Hungary A

Gold

91

81

172

96.1

3

Germany B

Gold

90

81

171

95.5

4

Germany A

Gold

89

78

167

93.3

5

Estonia A

Gold

86

80

166

92.7

6

Netherlands A

Silver

87

76

163

91.1

7

Lithuania A

Silver

83

76

159

88.8

8

Czech Republic B

Silver

86

82

158

88.3

8

Ireland A

Silver

81

77

158

88.3

10

Belgium A

Silver

82

72

154

86.0

11

Netherlands B

Silver

72

76

148

82.7

11

United Kingdom B

Silver

75

73

148

82.7

13

Austria A

Silver

77

70

147

82.1

14

Cyprus B

Silver

72

74

146

81.6

14

Lithuania B

Silver

74

72

146

81.6

14

Slovakia B

Silver

69

77

146

81.6

17

Greece B

Silver

67

77

144

80.4

Bronze Medals
Bulgaria A, Cyprus A, Denmark A, Greece A, Latvia A, Luxembourg A, Portugal A,
Slovakia A, Slovenia A, Spain A, Sweden A, United Kingdom A, Austria B, Belgium B,
Bulgaria B, Denmark B, Estonia B, Hungary B, Ireland B, Luxembourg B, Portugal B,
Spain B, Sweden B
Range of bronze medals

31 – 81

26 – 80

87

57 – 143

31.8 – 79.9
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Task A

Fibres
Introduction
Lady Silky was totally at home in the world of business. The money she had
inherited had permitted her to found several companies, in which she held
important positions, and to invest in the stock market – usually successfully. Her
long standing romantic relationship with a rich American, Mr Cottonfield, did
even more to cement her solvency. However, at fifty, she tried to spend as much
time as possible in the house she had built in Hope, in the west of England,
where she enjoyed its tranquillity, went for long morning walks in the country
and lovingly tended the garden.
That particular Saturday afternoon, she had fallen asleep on the sofa, as she
frequently did, after the lunch prepared by her companion. When she woke
from what her Spanish friends called her “siesta”, the television was showing a
film, whose title immediately caught her attention: SILK.
The film combined romance with business. It described the trips made by
a French businessman from France to Japan to buy silkworms to supply the
factories of the town where he lived. The action was set at the time of the 1860
epidemic of pebrine disease which affected silkworm farms all over the world.
Interested in the subject which she knew little about, rather than the romantic
aspects of the film, Lady Silky wanted to learn more, especially from a scientific
and technical point of view, since she had recently read a newspaper article
entitled Chinese astronauts to eat silkworms in space based on the declarations
of the scientist Yang Yunan, one of the participants in the XXXVI International
Scientific Assembly for Space Research. “Worms, particularly silkworms, may soon
become part of the diet of Chinese astronauts in space due to their high protein content, which the human organism can easily assimilate. From a practical point of view,
they are easy to breed, they grow rapidly, and they do not need a lot of space” said
Yunan. In their website, the Xinhua state agency published that Chinese experts have
discovered that five or six silkworms contain the same quantity of protein as an egg,
besides which the cocoons contain eight types of amino acids considered of vital importance for humans, which has led to new research being carried out.
Lady Silky switched on her computer and entered her name in the search engine:
silky. She then removed the final y and pressed ENTER. In one of the links she
found the following.
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The cost of Silk
“Silk is a natural fibre of animal origin which has long been used for making fine
clothes. It has always been appreciated because of its smoothness and strength.
Discovered in China (according to legend around 2500 BC), its origin was a well kept
secret for two thousand years. During this period silk was only produced in China,
from where it was exported to different parts of Asia, Europe and North Africa. This
trade represented an enormous source of wealth for China, which explains why the
production process was a closely kept secret (attempts to reveal the secret were punishable by death). Moreover, the silk trade was what can only be described as the
first process of industrial globalisation: the Silk Road was a long and arduous path
connecting the east with the west. It was slow as the silk was transported on beasts
of burden (mules and camels), while the traders also took with them other products –
not only to feed themselves but also to trade along the route and to take back to China.
The result was an intercontinental highway that blossomed into variety of human
achievements and settlements, leading the foundation of large cities and the cultural
interchange that inevitably accompanied them.
However, the secret could not be kept forever and in the XV century it reached
Europe. Industries related with silk sprang up in southern Europe, particularly in
Italy, France and Spain (especially in the regions of Valencia and Murcia), which
spelled the beginning of the end for the Silk Road. It was by now widely known that
silk was a fibre spun by the larvae of an insect: the silk moth. This insect, whose
scientific name is Bombyx mori, is a Lepidoptera (butterfly) whose larval form is a
herbivorous worm that grows until it stops eating and begins to produce, through
special glands (the sericigenous glands) a viscous solution consisting of two proteins,
fibroin and sericin. The first of these polymerises upon contact with air, giving rise
to a continuous thread of silk (one worm can produce up to 1.6 km of thread), used
to form a protective cocoon. Inside this cocoon the worm will metamorphose into its
adult form which will be able
to reproduce the butterfly or
moth. This adult form has
no digestive system because
it does not need to feed. This
contrasts with the silkworm,
which hardly stops eating.
Its diet consists of mulberry
leaves, preferentially the white
species, whose scientific name
is Morus alba. During its lifetime before metamorphosis,
the worm needs to obtain from
the leaves sufficient nutrients
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to grow, store the proteins to be used to spin the silk thread and construct its new
form during metamorphosis, form reproductive organs capable of producing a sufficient number of spermatozoids and ovules (which contain lipoproteins that are stored
in the vitellus) to ensure that a new pair will exist in the following stages to reproduce.
In this way, the worm acts as a factory to transform proteins of a vegetal origin into
one of animal origin which will give rise both to the structures of its body and to silk.”
Fascinated by what she read, she and Mr. Cottonfield decided to travel to Murcia
in order to know in situ the present day situation of the silkworm farming and
the silk industry in general. With an eye on possible business opportunities and
to have suitable scientific advice, they took with them Dr. Nylonskaya, who had
previously run the village pharmacy and who, since her retirement, had become
a regular visitor to Lady Silky’s country house. She frequently accompanied Lady
Silky on her walks in the country and both shared a common scientific curiosity.
Once in Murcia, their friends Patricio and Fuensanta, who knew the purpose
of Lady Silky and Mr. Cottonfield’s visit, informed them that several years previously a magazine had published a report on a Murcian businessman who had
noticed a great improvement after using a silkworm extract to treat a carcinoma
he had had surgery for. They also said that a local newspaper had recently
reported that a group of scientists from Murcia and China had begun a collaborative project to produce therapeutic proteins from silkworms and the silk from
their cocoons for use in vaccinations and as antibodies, and as a support for
growing human tissue-forming cells. In charge of the project were agricultural
engineers from the Murcian Institute for Agricultural Research and Development (IMIDA in Spanish), and Professors form Zheijiang University.
Bearing this in mind and thinking that there might be a business opportunity
in what they had learnt, on the advice of Dr. Nylonskaya, they decided to carry
out some previous research to establish the viability of the idea. They therefore
contacted the University of Murcia, who, in turn, thought it would be a good
idea to hand the work to the participants in EUSO 2009. This would serve a
base for awarding medals and diplomas, while, at the same time, the resulting
reports would be available in several languages.
The participants had to carry out the following tasks:
Task A. 1 – Quantification of protein content
Task A. 2 – Synthesis of nylon
Task A. 3 – Investigation of elastic properties of silk and nylon
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Dr. Nylonskaya wanted to evaluate the biological cost of obtaining adult silkworms
to produce silk.
Since silkworms, before metamorphosis, must obtain sufficient nutrients from mulberry leaves to, among other processes, grow and store the proteins that they will
use to spin the silk thread, which itself is a protein, they realised that it would be
interesting to measure the amount of protein contained in a mulberry leaf and in a
silkworm’s body. Knowing this amount, the total weight of the worm and the mean
weight of a leaf, it should be possible to calculate the total weight of mulberry leaves
necessary for a worm to feed on during its lifetime.
Among the different methods used to quantify proteins, Dr. Nylonskaya suggested
using Lowry’s method with some modifications. In this method, a colour is generated in the solution containing the substance to be analysed and this colour is then
measured in a spectrophotometer. The measurement is made possible because the
components of the solutions absorb part of the light which is directed at them,
the degree of absorption being a function of the wavelength of the light radiation
and the concentration of the substance in question. There is a linear relationship
between the absorbance of the sample and the concentration, within a given range.
This relation is established by Lambert-Beer’s law:

A=ε·l·c
where A is the absorbance measured by the spectrophotometer, ε is the molar
absorption coefficient of the coloured substance, l is the distance that the light beam
has to cross (the absorption pathlength, which is simply the thickness or width of
the cuvette), and c is the molar concentration. This means that for a given cuvette

A = K· c ,
where K is a constant.
A spectrophotometer is basically a device provided with a lamp that emits light at a
controlled wavelength. The light crosses a given space in which a cuvette or tube is
introduced. This contains the solution whose absorbance we wish to measure. Part
of the light passing through the solution is absorbed, and the loss of light is detected
by a sensor placed on the opposite side of the cuvette.
Lowry’s method permits the soluble proteins present in a sample to be evaluated
quantitatively. When a suitable reagent is added to a sample it forms a coloured
complex with the proteins, the intensity of this colour being proportional to the
concentration, according to Lambert-Beer’s law. The method consists of two stages
as represented in the diagram:
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Task A.1 – Quantification of protein content
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Phenolic residues
of tyrosine

OH
H O R H O

Folin‘s reagent
(yellow)

OH

N C C N C
Cu2+
C N C C N
R O H

O

O H

Cu -protein complex
in alkaline medium
(pale blue)
2+

Reduced Folin‘s reagent
(blue)

O

1. When Cu2+ ions are added in an alkaline medium they bind to the proteins to
form complexes with the nitrogen atoms of the peptide bonds. These Cu-protein complexes are pale blue in colour. They also cause the cleavage of the tridimensional structure of the protein, releasing the phenolic residues of the
aminoacid tyrosine that take part in the second step. For the copper ions to be
present in an alkaline solution it is necessary to complex them with ions 2,3dihydroxibutanedioate (tartrate) as ligands.
2. The reduction, also in basic medium, of Folin-Ciocalteau reagent by the phenolic
groups of the tyrosine residues present in most proteins with copper acting as
catalyst. The main constituent of the Folin-Ciocalteau reagent is a mixture of
phosphotungstic acid and phosphomolybdic acid in phenol, which is yellow,
and when it is reduced by the phenolic groups it forms a bright blue complex.
The final product absorbs light at 590 nm.
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Experimental procedure
Material and equipment
• Marker pen
• Plastic flasks (25 mL)
• Container for the flasks
• Variable volume micropipette
marked 0.5 to 5 mL
• Pipette tips
• 50 mL burette
• Volumetric flask (250 mL)
• Spectrophotometer
• Cuvette
• Paper tissue
• Beaker to deposit cuvette washings
• [Reagent A]: aqueous solution of
2% sodium carbonate, Na2CO3
and 0.1 M in sodium hydroxide,
NaOH.

• [Reagent B1]: aqueous solution of
copper (II) sulphate, CuSO4· 5H2O,
at 1%
• [Reagent B2]: solution of potassium
and sodium tartrate at 2%
• [Reagent C]: prepared at the time
the experiment begins, mixing
reagents A, B1 and B2 in suitable
proportions (volume)
• Folin-Ciocalteau reagent, labelled
[F-C reagent]
• Standard solution of bovine serum
albumin, labelled [BSA], 0.75 g L-1
• Sample of mulberry leaf extract,
labelled [M]
• Sample of silk worm extract,
labelled [SW]

To determine the concentration of proteins in the problem samples (mulberry leaf
and silk worm extracts) it is necessary to measure first the absorbance data corresponding to known concentrations of a standard solution of BSA (0.75 g L-1) and then
to obtain the corresponding calibration line. The concentration of the problem samples can be determined by interpolating the absorbance values on this standard line.
First label the flasks supplied from 0 to 9. Flask 0 will only contain the adequate
proportions of distilled water and the reagents, and will serve to adjust the spectrophotometer to zero absorbance. The aim is to determine the concentrations of soluble proteins in the mulberry leaf (M) and silkworm (SW) extracts.
Follow the experimental procedure described below:
1. Using the micropipette and suitable tips, drop into the flasks the quantities of
water, standard albumin solution and leaf and silkworm extracts that are listed
in Table 1.
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Table 1
Flask
0

water (mL)
5.0

BSA sol. (mL)
--

Problem samples (mL)
--

1

4.5

0.5

--

2

4.0

1.0

--

3

3.5

1.5

--

4

3.0

2.0

--

5

2.0

3.0

--

M1

4.0

--

1.0

7

M2

2.5

--

2.5

8

SW1

4.0

--

1.0

9

SW2

2.5

--

2.5

6

2. Prepare reagent C: Using the micropipette, drop 2.5 mL of reagent B1 and 2.5
mL of reagent B2 in the volumetric flask, and add reagent A to bring the total
volume to 250 mL. Shake well.
3. Place the reagent C in the burette and add 10 mL of it to each flask. Mix well
and leave to rest 10 minutes (approximately) in the dark (inside a drawer or
cupboard).
4. After this interval of time has elapsed, add 1 mL of Folin-Ciocalteau reagent by
means of micropipette to every flask and shake well. Let the flasks rest for another 30 minutes in the dark for the colour reaction to develop fully.
5. Check that a wavelength of 590 nm is indicated in the spectrophotometer.
6. Once this time has elapsed, adjust the Absorbance to 0 with the blank (flask 0).
To do this, first rinse the cuvette with a little of the solution from flask 0 and
poure it into the beaker. Next fill the cuvette to about ¾ of its total capacity.
Dry and clean the outside of the cuvette (with tissue paper) and introduce the
cuvette into its holder in such a way that you can see the transparent side, and
put it into the spectrophotometer so that the light ray cross the solution. Press
“0A” key and check that the apparatus screen shows “-.000”.
7. Record the corresponding absorbance readings for each of the other solutions
(in these cases do not press any key).
8. Write the readings in the answer sheet (A.1.1). Calculate and note in the corresponding column the mass of protein contained in each flask.
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10. Calculate the slope of the line obtained (A.1.3).
11. Using the graph, determine the mass of protein to be found in one litre of each
problem sample (A.1.4) (A.1.5).
One the experiment has finished, the liquid residues of washing the cuvette (in
the beaker) and the liquid in the flasks must be poured into the waste container,
labelled wastes of protein, placed in a corner of the lab.
For the following calculations take into account:
• the mulberry leaf extract sample was obtained from 3 g of dry leaves, dissolved to

a final volume of 1 L;

• a fresh mulberry leaf has a water content of approximately 75 %;
• the mean weight of a fresh mulberry leaf is 12 g.
• the mean weight of an adult silkworm is 9 g,
• the silk worm extract was obtained from 6 g of silkworm (water content 80 %) also

dissolved in a final volume of 1 L.

Make the following calculations in the answer sheet:
• What is the total protein content (in mg) of a fresh mulberry leaf ? (A.1.6).
• What is the total protein content (in mg) of a silkworm of average weight? (A.1.7).
• If we suppose that only 5 % of the protein content of a mulberry leaf remains in
the silkworm’s body (the rest is used by the worm for vital processes during its
lifetime), what mass of leaves will a silkworm eat during its lifetime? (A.1.8).
• Knowing that a silkworm lives for about 30 days, how many leaves does a silkworm
eat per day on average? (A.1.9)
• What is the value of
mass of protein per gram of dry silkworm
––––––––––––––––––––––––––––––––––––––––––– ?
mass of protein per gram of dry mulberry leaf

(A.1.10)

• Each of the adhesive labels provided corresponds to a metamorphosis stage of

Lepidoptera. Following the arrows, stick them in the correct order in the boxes
(A.1.11).
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9. Represent in the form of a graph the absorbance values of each albumine solution vs. the volume of protein solution used for preparing each flask and draw
the line that best fits them, which should be a straight line. (A.1.2).
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Task A.2 – Synthesis of nylon
Introduction
Mr. Cottonfield is not in favour of investing in the silkworm business. He thinks that
silk has few outlets since cheaper, artificial, man-made fibres with similar or better
qualities have long existed on the market.
He wants to convince Lady Silky that such fibres are very easy to obtain and sets out
to do so. A literature search gives him the information he wants. Polyamides are synthetic materials; they are usually used in fibre form and the most common are known
as nylon. At present nylon 6.6 and 6 represent almost all the nylon produced to obtain
fibres for the textile industry, although others are also important: nylon 11, nylon 12,
nylon 6.10 and nylon 6.12 among others.
As to the names used for nylon, when the name contains only one number the nylon
comes from a lactam or a ω-amino acid (hydrocarbon chain with an amine group
at one end and a carboxyl group at the other). If two numbers are used, separated
by a point, the nylon is obtained by the reaction of a diamine with a diacid or acid
dichloride or a diester, the first figure corresponding to the number of carbons of
the diamine and the second to the number of carbons of the second monomer.
Nylon 6.10 can be synthesised by the reaction of a diamine (hexane-1,6-diamine or
hexamethylendiamine) and an acid dichloride (decanedioyl dichloride). The overall
reaction is as follows:

H2N
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The diamine is dissolved in water and the dichloride in cyclohexane. As these solutions are immiscible, polymerisation only occurs in the liquid-liquid interface (contact
area).
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Experimental procedure
Material and equipment
• Two 50 mL glass beakers
• Two 100 mL glass beakers
• Glass rod
• Piece of wire with one end bent
into a hook
• One 25 mL glass measuring cylinder
• One 25 mL plastic measuring cylinder
• Micropipette (0.5 – 5 mL)
(used in task A.1)
• Balance
• Hexane-1,6-diamine solution in
water, labelled [HMDA]

• Decanedioyl dichloride in cyclohexane solution [SDC] (see warning)
• Methylene blue [Met. Blue]
• Sodium hydroxide solution, 0.1 M
in NaOH [NaOH 0.1 M]
• 0.05 M hydrochloric acid solution
[HCl 0.05 M]
• Flask containing aqueous solution
of acetone [Water-Acetone]
• PH-meter with electrode
• Burette and holder
• Magnetic stirrer with 3 stirring bars

CAUTION: Cyclohexane is a volatile and colourless liquid with a penetrating
smell. Prolonged exposition to its vapours must be avoided; consequently it is
mandatory that after preparing the nylon the waste be poured into the organic
wastes container placed in another corner of the lab and clearly labelled.
Having obtained all the information necessary and with all the above equipment at
his disposal, Mr. Cottonfield realises that the concentration of the HMDA is not written on the flask, presumably because the label had fallen off. However, this was easy
to determine. To do this he would have to titrate a given volume of HMDA (which
is a basic solution) with an acid solution. Using the pH-meter (already calibrated), it
is possible to measure the pH values of the solution when different volumes of acid
solution are being added. This will give the curve representing the pH vs. the volume
of acid added allowing the concentration of HMDA solution to be obtained.
1. Using the micropipette, drop 5 mL of the HMDA solution into one of the 100 mL
beakers. Using the plastic measuring cylinder, add approximately 25 mL of distilled water. Place the beaker, with a stirring bar inside, over the magnetic stirrer.
2. Introduce the electrode (after removing the protection) into the liquid almost
to the bottom and close to the side; using the clip fix the electrode in position.
WARNING: the stirring bars must not hit the electrode when moving.
3. Switch on the stirrer at moderate stirring speed and place the burette tip over
the glass beaker.
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4. Prepare a table in the answer sheet (A.2.1) and write the pH values corresponding to each addition of acid solution. Note that when the end point is close,
the volumes added should be smaller. The titration will be finished when the
pH-meter indicates acidic values.
5. Repeat the titration with another 5 mL sample of basic solution (HMDA).
6. Plot the data of each titration and draw the appropriate curve (A.2.2). The end
point corresponds to the inflection point on the graph.
7. In the corresponding box of the answer sheet, calculate the concentrations of
the HMDA solution obtained in each one of the titrations and note the mean
value (A.2.3).
Now you are ready to synthesise nylon 6.10, which, following the suggestions of
Dr. Nylonskaya, you should do in duplicate, varying the conditions slightly.
8. Pour into a 50 mL glass beaker, 5 mL of HMDA solution and 5 mL of water. Add
two drops of methylene blue. Using the glass cylinder measure 20 mL of organic solution of decanedioyl dichloride (remember the safety warnings) and pour
it slowly and carefully into the flask, with the help of the glass rod letting the
liquid dribble down the sides of the glass. Do not shake the liquids.
9. A white film (nylon) will form at the interface of the two liquids. Catch the
polymer with the wire (hook) and pull it up through the organic solution. Roll
the fibre extracted around the glass rod and turn so that the thread wraps
itself round the rod. It is important to turn the rod at constant speed so that
the thread thickness is almost constant. If the thread breaks, hook the polymer
again and wrap it round the rod. Continue this operation until it is too difficult
to hook the nylon or until the basic solution is used up.
10. When you have finished take out the nylon ball from the rod, pushing it with
your fingers (don’t forget to wear gloves) in the flask with the acetone solution,
stirring it with the rod to wash it.
11. Repeat the process using now 5 mL of the amine solution and 5 mL of sodium
hydroxide solution (instead of water) before adding the methylene blue. After
adding the organic solution (with the same care) proceed as before to obtain
the new nylon ball. Place the ball of nylon in acetone solution and stir with the
rod for a short time.
Now answer the following questions in the answer sheet.
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• Reason why this is the case (A.2.5).

a. The sodium hydroxide acts as catalyst.
b. The interface is bigger.
c. The sodium hydroxide reacts with the hydrochloric acid formed,
fulfilling the Chatelier’s Principle
d. The sodium hydroxide neutralised all the hydrochloric acid formed.
e. The sodium hydroxide does no affect the reaction since the same quantity of nylon is obtained.
• Write the balance the chemical equation for the reaction used to synthesise nylon

6.10 (A.2.6)

• Knowing the amount of HMDA reacted and the fact that it is the limiting reagent,

what is the theoretical maximum amount of nylon that can be obtained? (atomic
weights: H = 1, C = 12, N = 14, O = 16, Cl = 35.5) (A.2.7)
• Assuming that the average molecular mass of nylon 6.10 is 150000 g mol−1, calculate the average polymerization degree of this polymer (n in the formula). (A.2.8)
• Answer the questions A.2.9 and A.2.10 in the answer sheet.

Task A.3 – Young’s modulus of silk and nylon
Lady Silky wants to know something about the mechanical properties of silk and
nylon, since she thinks the natural fibre must be stronger, at least that is the impression she has concerning spider thread after reading several articles in specialised
journals. As far as she remembers, one of the articles said: A spider’s thread may be
five times more resistant than a filament of steel of equal thickness. It has even been said
that a spider thread as thick as a pencil would be able to stop a Boeing 747 in full flight!
A spider thread can be stretched to more than 30 times its original length without breaking. Indeed we are talking about one of the strongest materials known. Why don’t we try
to check this with the silk and nylon.
If a traction force, F, is applied to a wire or thread of an initial length L0, the wire
will be stretched by ΔL. This stretching is directly proportional to the length of the
wire and to the traction force and inversely proportional to the cross-section of the
wire, S. Then we can write:

ΔL ~ L F
S

F
ΔL
E
S
L

This equation is known as Hooke’s law. The proportionality constant, E, that
appears in the equation is called the Young’s modulus and is related to the elasticity
of the material.
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• How much nylon have you obtained now? More, less or the same? (A.2.4).
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For elastic materials, if the normal stress (F / S) is plotted vs. the relative deformation (ΔL / L0), a graph such as that showed in the figure below is obtained. In the
experimental conditions in which Hooke’s law (0-P line in the graph) is obeyed, the
material recovers its length when the force applied ceases. We will always work in
this range.
To give an answer to Lady Silky, we shall measure
the Young’s modulus of a silk thread and a nylon
thread. Dr. Nylonskaya indicates that the radius r
of both threads can be obtained determining previously the volume v of a piece of each, assuming
them regularly cylindrical,

Q

Stress F/S

P

V = S · L = π·r 2·L
0

where S is the cross section of area and L the
length of the thread. In this way, the radius r can
be calculated.

Relative deformation ΔL/L

Determination of density and cross section
To determine the volume of a piece of thread and the density of the material at the
same time, we shall use a pycnometer.

volumetric mark
capillary tube
ground-glass fitting

The pycnometer (from Greek pyknós, meaning “density”), is a glass flask, with a close-fitting ground glass
stopper and a capillary at the end, so that a given
volume can be accurately measured. This enables the
density of a fluid to be measured accurately, by reference to an appropriate working fluid such as water.
The density of a solid can also be determined as long
as it is insoluble in water and denser.

Experimental procedure
Material and equipment
• Pycnometer
• Analytical balance (± 0.001 g)
• Glass Pasteur pipette

100

• Chopstick
• Nylon thread (1.5 m long)
• Silk thread (1.5 m long)
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1.

Make a ball with the nylon thread with the help of the chopstick, make sure
that the ball is as compact as possible and small enough to pass through the
opening of the pycnometer.

2.

Determine the mass of the ball: MNYLON.

3.

Check that the pycnometer is clean. Fill it completely with distilled water. Put
the ground glass stopper in its place, then the level of water will be above the
mark of the capillary. Be sure that no air bubbles are trapped (a few gentle taps
on the sides will help). By using the Pasteur pipette (or a small piece of rolled
filter paper) remove the excess of water above the mark.

4.

Place both, the pycnometer (full of water as described) and the nylon in the
balance. Determine the mass of both items together: Mp + w + MNYLON

5.

Remove both (pycnometer and ball) from the balance. Open the pycnometer
and introduce the nylon ball inside (if necessary use the Pasteur pipette in order
to sink the nylon ball and release air bubbles, be sure none are trapped), fill
with some more water. Put the ground glass stopper in its position and remove
water till the mark level. Dry carefully the outside of the pycnometer with tissue
paper.

6.

Finally, place the pycnometer containing the nylon ball in the balance and obtain a new mass: Mp + w +NYLON.

7.

Write all these measurements in the answer sheet (A.3.1)

8.

Calculate the mass of water that has been displaced by the nylon thread, Mwd.

9.

Assuming that the density of water (ρw) at the lab temperature is 1,00 g cm−3,
calculate the density ( ρNYLON), the volume (VNYLON), the cross section (SNYLON), and
the radius ( rNYLON) of the nylon thread. Assume that the cross section remains
constant during the experiment (also A.3.1).

10. Repeat all the above procedure steps 1. – 9. with the silk thread and write all
measurements and calculations in the answer sheet (A.3.1).
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To obtain the density of silk or nylon, along with the corresponding volumes of the
lengths of thread, proceed as follows:

EUSO 2009

Investigating Young`s modulus
Material and equipment
• 6 masses of 20 g
• 6 masses of 50 g
• Magnifying glass
• Measuring band

• Aluminium profile with ruler
• Card board pointers
• 2 hanging threads (nylon and silk)

Let us turn back to the modulus of elasticity. In the
meantime Mr. Cottonfield has hung two threads (one
of silk and the other of nylon) near the window (see
Fig.). Do not touch the threads nor unravel the
weigth hanged. The weights hanging from them will
permit them to react almost linearly to the forces to
which they are going to be submitted.

L0

Experimental procedure
ΔL

1.
F

The first thing we need to know is the length
of the thread in this position. To this end, use
the measuring band (remember that the threads
has to remain hanged in its position). Write the
lengths in the answer sheet (A.3.2).

2. Starting with the nylon thread and using the magnifying glass, write the position of the cardboard pointers with respect to the ruler on the aluminium
profile. Write this in the answer sheet (A.3.3) as “initial position”. Do not move
this reference system.
3. Place a 20 g mass on the pan, wait three minutes and observe the new position
of the pointer. Continue adding 20 g masses (at least four more times) writing the
new position each time (waiting three minutes and writing the new position of
the pointer each time!).
4. Draw up a table in (A.3.3) including the following data:
• mass used in each measurement,
• position of the pointer,
• deformation (increase in length) corresponding to the total mass hanged in each

measurement,

• the ratios between the force applied (due to the mass hanged) and the cross

section of the thread, g = 9.8 m s -2

• the ratio between the deformation in each case and the initial length of the

thread.
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6. Explain how you obtain the Young’s modulus from the graph by choosing the
best answer (A.3.5).
7. Obtain the Young’s modulus for nylon (A.3.6), in SI units, with only one significant figure.
8. Repeat the process for the silk thread using 50 g masses instead of 20 g. Write
up the corresponding answers (A.3.7 – A.3.9) in the answer sheet.
9. Now you should have sufficient information to answer question A.3.10 in the
answer sheet.
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5. In an x-y-graph, plot the F/S values vs. ΔL / L0 and draw the line that best fits the
values (A.3.4).
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Task A

Fibres – Answer Sheet
Task A.1 – Quantification of protein content
(31 marks)

10 marks

Table I. Protein evaluation data

A.1.1
Flask

water
(mL)

0

5.0

--

Problem
samples
(mL)
--

10.0

Folin
reagent
(mL)
1.0

0.000

0.0

1

4.5

0.5

--

10.0

1.0

0.166

0.375

2

4.0

1.0

--

10.0

1.0

0.332

0.75

3

3.5

1.5

--

10.0

1.0

0.459

1.125

4

3.0

2.0

--

10.0

1.0

0.615

1.50

5

2.0

3.0

--

10.0

1.0

0.867

2.25

M1

4.0

--

1.0

10.0

1.0

0.331

0.83

7

M2

2.5

--

2.5

10.0

1.0

0.757

1.90

8

SW1

4.0

--

1.0

10.0

1.0

0.315

0.79

9

SW2

2.5

--

2.5

10.0

1.0

0.762

1.91

6

BSA sol.
(mL)

Reagent
C (mL)

Absorbance
(at 590 nm)

mass of
protein in
flask (mg)

Reduction for each incorrect dilution or calculation 1 mark

5 marks

Graph
1
0.9

Absorbance

A.1.2

y = 0.2991 x
R2 = 0.9945

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0.0

0.5

1

1.5

2

2.5

3

3.5

V (mL) of protein

proper axes and scale 1 mark
correct plot of data 2 marks
line of best fit 2 marks
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2 marks

Calculate the slope of the line
slope of line of best fit: 0.3 mL-1

A.1.4

Using the plot, indicate the concentration of protein in the extract of mulberry
leaf (g L-1)
2 marks
0.79 g L-1

A.1.5

Using the plot, indicate the concentration of protein in the extract of silkworm
(g L-1)
2 marks
0.76 g L-1

A.1.6

What is the total protein content (in mg) of a fresh mulberry leaf with a mean
fresh weight of 12 g?
1 mark
790 mg

A.1.7

What is the total protein content (in mg) of a silkworm of average weight?
1 mark
1140 mg

A.1.8

If we suppose that only 5.0 % of the protein content of a mulberry leaf remains
in the silkworm’s body (the rest is used by the worm for vital processes during
its lifetime), calculate the mass of leaves a silkworm will eat during its lifetime?
1 mark
346 g

A.1.9

Knowing that a silkworm lives for about 30 days, how many leaves does a silkworm eat per day on average?
1 mark
1
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1 mark

A.1.10 What is the value of the ratio:
mass of protein per gram of dry silkworm
––––––––––––––––––––––––––––––––––––––––– ?
mass of protein per gram of dry mulberry leaf

2.4

A.1.11 Each of the adhesive labels provided corresponds to a metamorphosis stage of
Lepidoptera. Following the arrows, stick them in the boxes in the correct order,
beginning with the bottom box.
5 marks (1 per correct placement)

Start here
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Task A.2 – Synthesis of nylon (33 marks)
A.2.1

10 marks

Table: Volume of acid added and pH

Titration 1

Titration 2

V (mL)

pH

V (mL)

pH

0

11.03

0

11.17

1

10.87

1

11.00

2

10.69

2

10.82

3

10.51

3

10.63

4

10.32

4

10.32

5

10.12

5

10.22

6

9.91

6

9.92

7

9.67

7

9.71

8

9.34

8

9.31

9

8.65

9

8.31

9.2

8.41

9.2

8.29

9.4

7.97

9.4

7.67

9.6

5.04

9.6

7.08

9.8

3.46

9.8

3.76

10

3.04

10

3.14

10.5

2.68

10.5

2.83

11

2.50

11

2.55
marks given for each titration
ten or more data points 3 marks
usage of whole available range 1 mark
values more closely spaced at point of inflection 1mark
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11 marks

Titration graphs

A.2.2

12
10

pH

8
6
4
2
0
0

2

4

6

8

10

12

8

10

12

V (mL) HCl(ac)

12
10

pH

8
6
4
2
0
0

2

4

6
V (mL) HCl(ac)

marks given for each graph
proper axes and scale 0.5 mark
correct plot of data 3 marks
fit curve and identification of point of inflection 2 marks
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Calculate the concentrations of HMDA solution and write down the mean
value.
5 marks
Titration 1

Titration 2

Inflection occurs at
VHCl= 9.4 mL

Inflection occurs at
VHCl= 9.7 mL

[HCl(ac)]
[HMDA] = ________
2

[HMDA] = 0.049 M

VHCl
____
= 0.047 M
VHMDA

Mean value: [HMDA] = 0.048 M
correct formular for concentration 2 marks
correct calculation of values 3 marks

A.2.4

a. More
Answer:

A.2.5

1 mark

How much nylon is obtained now?
b. Less

c. Same

a.

1 mark

Reason why this is the case.

a. The sodium hydroxide acts as catalyst.
b. The interface is bigger.
c. The sodium hydroxide reacts with the hydrochloric acid formed, in
agreement with Chatelier’s Principle
d. The sodium hydroxide neutralised all the hydrochloric acid formed.
e. The sodium hydroxide does no affect the reaction since the same quantity
of nylon is obtained.
Answer:

c.
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A.2.6

Write the balanced chemical equation for the reaction used to synthesise nylon
6.10.
1 mark
n HMDA + n SDC

A.2.7

n Nylon + 2n HCl

Knowing the amount of HMDA used as reactant and the fact that it is the
limiting reagent, what is the theoretical maximum amount of nylon that can
be obtained?
1 mark
Atomic weights: H=1, C=12, N=14, O=16, Cl=35.5
0.068 g

A.2.8

Assuming that the average molecular mass of nylon 6.10 is 150000 g mol −1,
calculate the average polymerization degree of this polymer (n in the formula).
1 mark
532

A.2.9

Which is the correct name of the nylon obtained from HMDA and undecanedioyl
dichloride?
1 mark
a. nylon 6.9
Answer:

b. nylon 6.11

c. nylon 6.20

d. nylon 11.6

b.

1 mark

A.2.10 The polymer formed is a
a. homopolymer
Answer:

b. copolymer

b.
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Task A.3 – Young’s modulus of silk and nylon
(30 marks)
A.3

10 marks

Measurements for nylon and silk threads

Nylon
LNYLON = 1.5 m

MNYLON = 0.056 g

Mp+w+ MNYLON = 47.887 g

Mp+w+NYLON = 47.833 g

Mwd = 0.054 g
ρNYLON = 1.037 g cm-3

VNYLON = 0.054 cm3

SNYLON = 0.00036 cm2

rNYLON = 0.011 cm

Silk
LSILK = 1.5 m

MSILK = 0.037 g

Mp+w+ MSILK = 47.8882 g

Mp+w+SILK = 47.854 g

Mwd = 0.028 g
ρSILK = 1.321 g cm-3

VSILK = 0.028 cm3

SSILK = 0.000187 cm2

rSILK = 0.0077 cm
each correct determination of density 3 marks
each correct calculation of modulus 2 marks

A.3.2

1 mark

Length of threads hanging from the ceiling
LNYLON =

1.76 m

LSILK =

1.82 m
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A.3.3

3 marks

Table for nylon
Initial position of the pointer

=

27.30 cm

m (g)

Position of the
pointer (cm)

ΔL (cm)

F/S (N m-2)

ΔL/L0

20

27.70

0.40

5.4 · 106

0.0023

40

28.10

0.80

1.1 · 10

7

0.0045

60

28.55

1.25

1.6 · 10

7

0.0071

80

28.95

1.65

2.2 · 107

0.0094

100

29.40

2.10

2.7 · 10

7

0.012

120

29.75

2.45

3.2 · 107

0.014
6 measurements 3 marks

A.3.4

5 marks

Graph for nylon
35

y = 2E + 09x
R2 = 0.9994

F/10 6 N m-2

30
25
20
15
10
5
0
0

0.005

L-L0
L0

0.01

0.015

proper axes and scale 1 mark
correct plotting of data 2 marks
line of best fit 2 marks

A.3.5

How can you obtain the Young’s Modulus from the graph
a. the zero intercept
c. the slope
Answer:

b. the abscissa at origin
d. the correlation coefficient

c.

112

1 mark

EUSO 2009

Obtain the Young’s Modulus for nylon, in SI units, with only one significant
figure.
1 mark
2 x 109 Pa

A.3.7

3 marks

Table for silk
Initial position of the pointer =

23.25 cm

m (g)

Position of the
pointer (cm)

ΔL (cm)

F/S (N m-2)

50

23.85

0.60

2.6 · 107

0.0033

100

24.35

1.10

5.2 · 10

7

0.0060

150

24.95

1.70

7.7 · 107

0.0093

200

25.55

2.30

10.5 · 10

7

0.013

250

26.25

3.00

13.1 · 10

7

0.016

300

26.90

3.65

15.7 · 10

7

0.020

ΔL/L0

6 measurements 3 marks

5 marks

Graph for silk

F 10 6 N m-2
/
S

A.3.8

180
160
140
120
100
80
60
40
20
0

y = 8E + 09x
R2 = 0.9971

0

0.005

0.01

L-L0
L0

0.015

0.02

0.025

proper axes and scale 1 mark
correct plotting of data 2 marks
line of best fit 2 marks
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A.3.9

Young’s modulus for silk with one significant figure. (Don’t forget units).
1 mark
8 x 109 Pa

A.3.10 Bearing your results in mind, what do you think happened?

10 -3 marks

a. Lady Silky and Mr. Cottonfield bought a farm in Murcia with many
mulberry trees. They obtained “eggs” from IMIDA and are waiting for
the first silk worms to hatch.
b. Dr. Nylonskaya obtained the formula for silk worm extract and returned
to England to sell the product in her pharmacy.
c. The teachers at the University of Murcia who studied the reports found
it difficult to choose the best one.
d. The University of Murcia thanked all the participants in EUSO for their
hard work and organized a fantastic party for them.
e. Many of the participants made new friends and exchanged e-mail
addresses, promising to visit each other in their respective countries.
f. After reading the reports, Chinese scientists decided not to do any more
research work with silkworms.
There may be more than one correct answer!
Answer:

a., b., c., d., e.
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Task B

Fruit, juices and food
Introduction
Mr. Hero has just been appointed as Managing Director of the company in
which he has worked for many years. He remembered the time when he asked
his father, manager at the main factory of the company for many years: “Dad,
will I be able to become Managing Director of the company one day?” To which
his father replied: “Of course, you can, just like anyone else who wants to, but
to be a good manager you will need to know about fruit trees, production processes – both technical aspects and laboratory analyses – you’ll need to carry
out marketing surveys, etc. All this and also you’ll have to learn about human
nature and know about the people who work in the factory. Only then will you
be a good Director”.
Mr. Hero wanted very much to be Managing Director and help solving the
problems that arose every day in the company and which could have negative
economic consequences for the company which he was proud to work for. So
far he had held other positions of responsibility in various factories of the company, normally associated with sales and purchasing raw materials.
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The memory of the conversation with his father helped him in his next decision: he would have to bring himself up to date about the scientific procedures
that enabled the company to transform the natural products he had so often
bought into the canned products he had helped to sell. He communicated this
decision to the board of directors and immediately set out for the place where
he thought he would obtain the best and most complete training – the factory
that the company had had since 1922 near Murcia, in the heart of the “Huerta
de Murcia” known as the “Orchard of Europe” which provides the company
with the excellent fruit it needs for its jams and canned products. Furthermore,
the company had decided to concentrate its research into new products there
and to open up new fields parallel to its core business – the production of baby
foods, canned vegetables food and dietetic products.
Surprised by his presence but aware of his motives, the technicians of the
factory advised him to begin his training at the laboratories of the University of
Murcia since they had for many years shared research projects with the schools
of Chemistry and Biology. So, after a brief interview with the two Deans, it was
agreed that he would begin his “scientific training” in the Department of Analytical Chemistry, where they would instruct him about the analytical techniques
necessary to ensure that food products complied with the respective EU norms
concerning food products.
By chance, participants in the EUSO programme, which facilitated exchanges
between young scientists from all EU countries, had been working in the same
department for several days and so he joined them in solving the tasks they had
been set.
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Ascorbic acid (L-ascorbic) or vitamin C is a γ-lactone synthesised by plants and almost
all animals except primates and hamsters.

OH

O
C
C

O

C
C

HO

C

CH2OH

H
OH

Its prolonged deficiency in the diet of humans can produce a disease known as
scurvy, which is characterised by skin lesions, fragility of the blood vessels and
poor wound healing. Furthermore, ascorbic acid is a powerful natural antioxidant
present in fruit juices and widely used as a food additive. However, in manufactured products exposed to the oxygen of the air, vitamin C undergoes continuous
oxidation since it is a reducing agent that reacts with mild oxidants to produce
dehydroascorbic acid.

OH

O

O
C

C
C

OH

C

CH2OH

C

H

C

OH

O

O

C
C

H

C

O

OH

C

CH2 OH
+ 2H+ + 2e–

O

Schematically, the above equation can be written as
AA
(ascorbic acid)

DHAA + 2H+ + 2e−
(dehydroascorbic acid)

Most chemical methods for determining ascorbic acid (AA) are based on its reducing character. One such method, which is both fast and reliable, is the tritation
of the acid with an N-bromosuccinimide solution (NBS) that acts as oxidant. This
converts the secondary alcohols into ketones (which produce dehydroascorbic acid,
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(DHAA), which are then reduced to succinimide and hydrogen bromide. The reaction which is equimolecular and rapid, is represented by the equation

O

O
C

C
C

OH

OH

O

C

C

CH2OH

H

C

H2C

+

C
N

OH

C

Br

H2C

C
C

O

O

OH

O

O

C

CH2OH

H

C

+

O

H2C

C
NH

H2C

+

HBr

C
O

O

Since NBS is an oxidant, it releases iodine when it reacts with potassium iodide in
acidic solution (acetic acid), but, in the presence of AA, it oxidises the ascorbic acid
first. If both substances are found together in solution, iodine is only released when
the AA has been completely oxidised. A slight excess of NBS after the oxidation of
AA will mean that iodine will appear in the solution. This can be detected by previously adding a few drops of a starch solution, with which the iodine will form a
complex of a characteristic blue, blue-violet colour.
Now, let’s get down to business, put on the lab coat and, following the usual safety
rules, carry out the following experiment.
Material and equipment
To determine ascorbic acid (AA) or
vitamin C in a juice sample you will
need:

• 100 mL glass beaker
• 25 mL plastic measurement cylinder
• Plastic funnel
• Vial of solid ascorbic acid [labelled

Ascorbic acid]

• Marker pen

• N-bromosuccinimide solution

• Magnetic stirrer
• 3 stirring bars
• Burette holder
• 250 mL plastic volumetric flask
• 25 mL burette
• Micropipette and tips
• Five 50 mL glass beakers
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[NBS sol.]
• 4 % potassium iodide solution,
[KI(aq), 4 %]
• 10 % acetic acid solution,
[Acetic acid, 10 %]
• Starch solution [Starch]
• Fruit juice sample [Juice sample]
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Standardisation of the NBS solution
To determine the vitamin C in the problem sample (fruit juice), you must first standardise the NBS solution. For the sake of greater reliability, we shall do this by
titrating several AA solutions of known concentrations. In this way, we can relate
by means of a graph the amount of AA in each solution with the volume of the NBS
solution used for its titration.
1. First, prepare an AA solution of known concentration. Weigh into the glass beaker the amount of solid AA (molecular mass 176.13 g mol -1) needed to obtain
250 mL of around 3 · 10 -3 M (3 mM) solution. Write the mass calculated and the
mass weighed in the answer sheet (B.1.1).
2. Add 50 – 60 mL of distilled water to the glass beaker, introduce a stirring bar and
place the beaker on the magnetic stirrer, stirring gently.
3. When all AA has dissolved, place the funnel in the mouth of the 250 mL volumetric flask and pour the solution into it; rinse the beaker with a small amount of
distilled water three times and pour the water each time into the flask; dilute to
the mark with distilled water in order to obtain the desired solution.
4. Label the 50 mL glass beakers, from 1 to 5, with the marker pen. Using the micropipette place exactly 1, 2, 3, 4 and 5 mL of the AA solution, respectively, in the numbered beakers. Write the amount of AA in each beaker in the Answer Sheet (B.1.2).
5. Fill the burette with the NBS solution.
6. To one of the glass beakers containing the AA solution, add
2 mL of 4 % KI solution,
0.5 mL of 10 % acetic acid solution,
3 drops of starch solution and approximately 10 mL distilled water
(measured with the measuring cylinder).
7. Put a stirring bar into the beaker, place it on the magnetic stirrer and stir gently.
Start to titrate by adding slowly the NBS solution until the drops falling produce
a vanishing blue taint. Add two more drops of starch solution and add the NBS
solution dropwise until a permanent blue colour remains in the solution.
8. Repeat the process with the rest of the beakers you have prepared.
9. Write in the Answer Sheet the volume of NBS solution needed to reach the end
point in each case (B.1.2) and complete the table.
In a graph, plot the mass of AA contained in each beaker vs. the volume of NBS
solution needed for the titration (B.1.3).
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Determination of the AA content in a fruit juice
10. Weigh accurately, approximately 5 g of fruit juice into a clean and dry 50 mL
or 100 mL beaker. Add 15 – 20 mL distilled water and the same amounts of KI,
acetic acid and starch solutions as mentioned above.
11. Now titrate this solution with NBS.
12. Repeat the titration with a similar amount of the same fruit juice. Note the volumes of the two titrations in the answer sheet (B.1.4).
13. Using the graph, obtain the mass of AA corresponding to each sample of fruit
juice titrated, according to the volume of NBS used. Write the values in the
answer sheet (B.1.5).
Now calculate the percentage (mass / mass) of AA in the fruit juice and write the
answer in the Answer Sheet (B.1.6).
Mr. Hero is amazed at the work and the results obtained. However, there is still
one matter that bothers him. “If the EU recommends a daily dose of vitamin C of 60
mg, how many 200 mL cartons of the juice we have analysed would a person have
to drink every day to satisfy the EU requirements?” he asks. Wishing to help him in
as many ways as possible, his new companions suggest that the density of the fruit
juice can be taken to be the same as that of water (B.1.7).

Task B.2 – Microorganismus in fruit juices
Mr. Hero is very interested in biotechnology, especially those aspects that are
related with the products his company produces. He has read and heard that many
revolutionary possibilities exist to use microorganisms to produce beverages – like
the multifruit juices and / or milk-fruitshakes, which are expensive and problematic
to produce. With the same eagerness as before he goes to the Department of Genetics and Microbiology of the Biology School where they can show him how to
recognise these microorganisms and possible ways of using them to obtain new
products. As when analysing vitamin C, he found a group of EUSO students willing to demonstrate the techniques and procedures necessary to bring his scientific
knowledge to the level his new post demands and – who knows? – perhaps impress
one or two people in the meetings he would have to attend.
The best we can do here is to provide him with some basic information.
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Both eukaryotic and prokaryotic microorganisms are used in the biotechnological
production of a large number of molecules: amino acids, vitamins, enzymes, etc.
Some of the enzymes produced by microorganisms used in industry are the pectinases, which, as their name suggests, are capable of degrading pectin, which is an
important component of the cell wall of vegetables. Pectinases are used in the food
industry to hydrolyse pectins thus reducing the viscosity of juices and other foods.
With this basic information, Mr. Hero will be able to follow the two parts of the
following task that the EUSO participants have been assigned.
In the first part, the participants have to identify by direct observation using the
microscope the microorganisms present in the microbial cultures corresponding to
the samples provided. In the second part, the presence of pectinase activity in the
supernatant (extracellular medium) of these cultures will be evaluated. To do this,
participants must measure the decrease of the viscosity of a juice sample resulting
from the addition of different supernatants of microbial cultures. The viscosity of
an untreated juice and one subjected to different treatments will be measured by
means of a viscosimeter, an instrument in which the time taken for a liquid sample
to pass through a capillary will depend on its viscosity.
Identification of pectinase-producing microorganisms of interest for elaborating fruit juices.
Attention: In order to save time, this assignment should be done during the 40 min incubation time of the next. Thus, start with the next assignment.
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Microorganisms are living beings which, measuring less than 0.1 mm in diameter,
can only be observed with the help of a microscope. There are microorganisms that
belong to the three large domains of life: bacteria, archaea and eukaryota. In the
first two domains, bacteria and archaea, the cells are prokaryotic, that is they do not
have a differentiated nucleus, so that their DNA is in the cytoplasm. Among eukaryotic microorganisms are some fungi, which can be divided into moulds and yeasts.
Moulds have a filamentous morphology and can form spores, which are grouped
according to the genus. Yeasts are unicellular with an ovoid shape.
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Material and equipment
· 3 problem samples in eppendorf tubes (A, B and C)
· Microscope slides and cover slips
· Microscope
· Immersion oil
· Plastic Pasteur pipettes

Experimental Procedure
To visualise the microbial cultures (A, B and C), place a drop of one of them on a
microscope slide, using a Pasteur pipette and carefully place a cover slip over the
drop. Observe this preparation through the microscope. First try with a 40 x lens
and if it is not possible to observe the microorganism, use the 100 x lens. In the
latter case, you will need a drop of immersion oil between the cover slip and the
objective of the microscope, in contact with both of them (see Fig.).

Lens
Drop of immersion oil
Cover slip
Slide

Repeat with the other two cultures.
When you finish all three observations, answer the following questions in the
answer sheet.
B.2.1 Based on the photographs shown on the next page and your microscope
observations, relate each preparation observed with one of the photographs.
Establish the relation by connecting the sample (culture) and the picture number.
122

EUSO 2009
Fruit, juices and food

1. Aspergillus

2. Staphylococcus

3. Saccharomyces

4. Escherichia

5. Spirillum

6. Penicillium

B.2.2 Mark with an (X) in the adequate box of the answer sheet the type of microorganism (bacterium, mould or yeast), observed in the microscope for cultures
A, B and C.
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B.2.3 According to the following schema, which shows the most common morphologies in bacteria, and the photographs in B.2.1., identify the morphologies
of Escherichia coli, Staphylococcus aureus and Spirillum sp., assigning the corresponding number in the answer sheet (B.2.3).

Cocci

Others

(1)Coccus
(4)Vibrio
(2)Staphylococci

Bacilli

Coccobacillus

(6)Spirochete

(3)Bacillus

(5)Filamentous

B.2.4 Mark with an X if the statements in the answer sheet are true or false.
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Material and equipment
· Viscometer
· Oven at 37 ºC
· Juice sample
· 6 screw-topped test tubes
· Plastic container for tubes
· Distilled water
· Eppendorf-tube rack containing following samples:
1. Water
2. Pectinase disolved in water at 0.005 Units/mL
3. Pectinase disolved in water at 0.02 Units/mL
4. Pectinase disolved in water at 0.06 Units/mL
5. Supernatant of culture A
6. Supernatant of culture B
· Chronometer
· Pipette pump
· Micropipette
· Tips for micropipette
· Marker pen
· Calculator
· Plastic beaker to be used as water bath
· Plastic funnel
Experimental procedure
1. Place 10 mL of the juice sample into each of the test tubes.
2. Label the tubes 1 – 6.
3. Add 0.5 mL of the sample from eppendorf tube nº 1 to test tube nº 1; 0.5 mL of
the sample from eppendorf tube nº 2 to test tube nº 2, and so on.
4. Shake to mix the contents of each tube.
5. Place the tubes in the test-tube rack and incubate the tubes in the oven at 37 ºC
for 40 minutes.
Meanwhile continue with the previous task.
6. After the incubation time, cool the tubes with tap water for 30 seconds.
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Viscosity is a property associated with internal friction or drag of substances that
flow. Viscosity can be measured easily in laminar flow conditions, which can be
considered to take place when thin layers of a liquid flow over others at a different
velocity.
Laminar flow also takes place when liquids flow through tubes at a moderate speed:
the thin layer of liquid in contact with the test tube walls is probably stationary, the
next layer moves slowly and the following more rapidly, etc. The liquid can therefore be considered as a series of concentric cylinders, each moving at a constant
velocity, which increases towards the centre. Poiseuille studied the movement of
liquids inside capillaries and found a direct relation between the volume of liquid
passing through the capillary per time unit and the viscosity of the liquid. For a
given viscometer, the viscosity could be expressed as
ν=k·t
where ν is the dynamic viscosity, k is a constant and t the falling time. The most
commonly unit used for viscosity is the centipoise cP which is the hundredth part
of a poise P (1 g cm-1 s-1).
The device used to determine the viscosity of a fluid is known as a viscometer.
Some simple devices, such as the Cannon-Fenske viscometer depicted in the figure
are based on the measurement of the time required for the fluid to pass by gravity
through a capillary tube.
To measure the viscosity of the products obtained after incubation with a viscometer
of this type, proceed as follows:

Trinner arm

Bulb A
Upper mark
Bulb B
Lower mark
Widest Arm
Capillary tube

7. With the viscometer in the water
bath, introduce 10 mL of the fluid
of tube number 1, obtained after
incubation, through the widest arm
using the plastic funnel from previous task.
8. Place the viscometer as vertical as
possible and allow sufficient time
to reach the temperature of the
bath.
9. Place the pipette pump over the
mouth of the thinner arm and suck
the fluid until bulb A is half filled.
10. Remove the pipette pump and allow the liquid to fall in order the
device to be rinsed.

Reservoir
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12. Remove the viscometer from the water bath (loosen the rubber supporting it),
add some distilled water and empty the contents into the sink. Rinse twice with
distilled water before placing in water bath to measure other sample.
13. Measure in the same way the viscosity of the liquids of the other tubes.
Complete the following tasks on the answer sheet.
B.2.5 Write the falling times for each liquid.
B.2.6 Plot in a graph the times needed by the samples treated with commercial
pectinase vs. the enzyme concentration.
B.2.7 Identify the microbial culture, A or B, which produces pectinases and calculate the pectinase activity in it (expressed as units of activity per millilitre of
supernatant).
B.2.8 Calculate the change in viscosity (in cP) caused by the treatment with the
pectinase-producing culture, knowing that:
viscosity (cP) = 0.25 (cP s−1) · time (s)
B.2.9 What will be the viscosity unit in the International System (SI)? What is its
equivalence in centipoises?
B.2.10 A company wants to produce a juice with a viscosity of 16 cP. What is the
concentration of pectinase necessary to treat 10 mL of fruit preparation
according to the treatment previously described? How many pectinase units
are needed to treat 5000 L of fruit preparation?

Task B.3 – Thermal properties of fruit juices
Now, Mr. Hero only needs to find out about the thermal properties of juices in order
to know the energy required to cool juice tanks in which the juice is transported.
In the Department of Physics, experiments are carried out to estimate the specific
heat of liquids based on Callendar and Barnes’ method. The EUSO students are engaged in this task, too, and, after trying several designs, have managed to construct
a suitable calorimeter to carry out the measurement. Knowing that he will learn as
much as before, Mr. Hero joins the team which is about to measure the approximate
specific heat of one of the juices that they have analysed.
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11. Suck again in the same way and measure, using the chronometer, the time the
liquid needs to fall from the upper mark of bulb B to the lower mark.
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Material and equipment
· A continuous flow calorimeter. The device is thermally insulated and equipped
with an internal heater (resistor, R = 100 Ω) and a flow regulator
· 2 temperature sensors
· Chronometer
· Juice container
· Voltage regulator to vary the potential (V) applied to heater.
· Digital multimeter
· Plastic 500 mL beaker
· Balance

1
2
1. Container

T1

2. Flow regulator

T2

3. Sampling
4. Insulating shield

3

5. Voltage regulator
6. Sink

V

4

T1 and T2: Temperature
sensors.

5

6

The figure represents the experimental set-up.
The procedure consists of circulating the juice through the insulated tube in which
a resistor heats the liquid ( juice). Knowing the energy supplied and the increase in
temperature produced at a given mass flow, the specific heat of the juice at a constant pressure can be obtained from an energy balance.
The following assumptions must be made:
· the liquid is uncompressible,
· the density of the liquid remains constant despite the rise in temperature;
· the heat released by friction between the liquid and the walls of the tubing can
be considered negligible;
· the value of the electrical resistor remains constant despite changes in
temperature;
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If we carry out an energy balance of the system with a given mass of liquid circulating through (entering and leaving) the tubing and heated by the resistor as it passes
over it, assuming the above, the following should be fulfilled:
Energysupplied = Energygained by the liquid + losses
The energy supplied during time t is the heat supplied by the resistor R due to the
Joule effect
Energysupplied = (V 2/R) · t
where V is the electrical potential difference applied to the resistor.
The energy gained by the liquid is
Energygained by the liquid = m · cp · ΔT
where m is the mass of liquid, cp is its specific heat, and ΔT is the increase in temperature that the liquid undergoes between the entrance (T1) and exit (T2) in the
figure.
Although the calorimeter is insulated, there will inevitably be a small loss of the
energy supplied towards the surroundings. We can represent this term by losses.
Therefore, the energy balance can be expressed by the equation
(V 2/R) · t = m · cp · ΔT + losses
If we refer this balance to the unit of time, we obtain:
V 2 = m · c · ΔT + K
p
R

(1)

where ṁ is the mass flow (mass per unit of time) flowing through the tube for a
given setting of the flow regulator, and K is the energy lost (losses) per unit of time.
The first member of the equation represents the electrical power supplied.
Since the term losses is unknown, the experiment has to be done at least twice. By
adjusting the flow (ṁ) at different voltages (V) steady states can be reached for which
the entrance and exit temperatures remain the same as in the first array. By doing so
we may assume that the term losses ( K ) is the same in every array.
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· the steady state is reached when the entrance and exit temperatures do not
vary with time;
· the variation of the kinetic energy and of the potential energy, from the
entrance to the exit, of the liquid is negligible; and
· the entrance and exit cross-sections are the same.
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Experimental procedure
1. Before switching on the apparatus, ask the supervisor to check that all the connections are correct and that the calorimeter is full of juice.
Assay 1
2. Open the valve regulating the flow to ensure that juice flows to the calorimeter.
Check that the juice exiting the system goes to the sink.
3.

Switch on the calorimeter and adjust the voltage using the voltage regulator to
a low voltage, e.g. 100 V.

4. Notice that the temperature T2 gradually increases to reach a practically constant
value, while T1 remains constant or varies only by a few decimals throughout
the assay. Try to obtain a low flow rate in the first experiment, adjusting the
flow regulator very gently, but enough for the exit temperature not to exceed
37 ºC.
5. Check the temperature of the juice as it enters and exits the calorimeter. (the
recommended exit temperature is around 37 ºC). There is no need to note the
temperatures at this stage; simply bear them in mind. When you see that the
exit temperature change very slowly (less than 0.2 ºC in one minute) it can be
considered that the steady state has been reached.
6. Once the steady state has been reached, collect a certain amount of juice in the
beaker during a time that you must measure accurately with the chronometer
(e.g. during one minute, although any other time is acceptable). Write in the answer sheet (B.1.3) both the mentioned temperatures and the voltage values at
the start (S) of the collection, at half way through (M) and at the end (E). Write
the time you take to collect the juice in the beaker.
7. Obtain the mean values of T1, T2 and V for the experiment and write them in
table for task B.3.1.
8. Using the balance, obtain the mass of the juice Mjuice, and calculate the mass
flow taking into account the time required to collect it (if the weight exceed the
capacity of the balance, use two beakers to weigh the juice collected). Write
these values in the table for task B.1.3 in the answer sheet.
Assay 2
9. Move the flow regulator approximately half a turn and observe how the exit
temperature falls. Adjust the voltage to approximately 140 V.
10. After a while, the exit temperature (T2) will begin to increase. By adjusting the
flow, you should obtain the same temperatures in this assay as in Assay 1.
11. When the new steady state is reached (same entrance and exit temperatures
of the juice as in Assay 1), collect the juice that leaves the system after a given
time, which must be measured using the chronometer. Write the results in the
table for task B.3.1, as you did before.
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12. Repeat the procedure with a new voltage (approximately 180 V) and a new
mass flow. Write the values in the answer sheet (B.3.1).
B.3.2 Draw a graph and plot V 2/R versus flow ṁ (B.3.3). Determine from this plot
the specific heat cp, express it in SI units.
B.3.4 How much energy the heater has supplied during the collecting time used in
assay 2? (B.3.4).
B.3.5 Assuming that 10 000 L of juice have to be cooled from 15 °C to 4 °C (the
common temperature in tankers), how much energy has to be withdrawn?
(B.3.5)
B.3.6 The basic requirement in all these experiments is to ensure that, when calculating the mean values, the steady state has been reached and that the
entrance and exit temperatures remain constant. The factor that most affects
is the mass flow. To ensure a uniform mass flow the apparatus known as
Mariotte flask is used (container in the figure). As can be appreciated, this
consists of a closed recipient with a narrow tube, the bottom of which
is immersed in the liquid while the top is exposed to the atmosphere.
Which of following statements is incorrect.
a. The Mariotte flask ensures that the exit flow rate of the liquid through
the tubing is constant.
b. The Mariotte flask ensures that the pressure on the free surface of a
liquid in the deposit increases as it empties.
c. The Mariotte flask ensures that the pressure on the free surface of the
liquid decreases as the deposit empties.
d. The Mariotte flask enables the atmospheric air to reach the upper part of
the deposit.
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Assay 3
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Task B

Fruit, juices and food – Answer Sheet
Task B.1 – Vitamin C content of a fruit juice (25 marks)
B.1.1

Calculated mass of ascorbic acid necessary to obtain 250 mL of a 3 · 10-3 M
solution (with three significant figures).
2 marks
0.132 g

1 mark

Weighed mass of ascorbic acid
0.132 g

B.1.2

5 marks

Titration data

Flask n.

Volume of
ascorbic acid solution (mL)

Mass of
Ascorbic acid
contained (g)

Volume of NBS
used in the evaluation (mL)

Concentration of
NBS solution (M)

1

1.00

0.528 x 10-3

2.10

1.43 x 10-3

2

2.00

1.057 x 10-3

4.05

1.48 x 10-3

3

3.00

1.584 x 10-3

5.95

1.51 x 10-3

4

4.00

2.112 x 10-3

7.90

1.52 x 10-3

5

5.00

2.640 x 10-3

9.90

1.52 x 10-3

per each correctly filled row 1 mark
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Graph of mass of AA vs volume of NBS solution needed for titration
12.00

y = 3.7437x
R2 =0.9995

10.00

mL of NBS needed

5 marks

8.00
6.00
4.00
2.00
0.00
0.00

1.00

2.00

3.00

mg of ascorbic acid
proper axes and scale 1 mark
correct plotting of data 2 marks
line of best fit 2 marks

B.1.4

Mass of fruit juice and NBS volume needed for titrations
Mass of fruit juice (titration 1)

5.019 g

Volume of NBS used in titration 1

7.00 mL

Mass of fruit juice (titration 2)

3.722 g

Volume of NBS used in titration 2

5.20 mL

4 marks

for each titration volume 2 marks

B.1.5

4 marks

Mass of ascorbic acid in each sample:
Sample 1

1.87 x 10-3 g

Sample 2

1.39 x 10-3 g

for each value correctly read from graph 2 marks
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B.1.6

Percentage (mass/mass) of ascorbic acid in the fruit juice:

2 marks

0.037 %

B.1.7

How many 200 mL cartons of this fruit juice would one person have to
drink daily to reach the recommended EU daily dose:
2 marks
1

Task B.2 – Microorganisms in fruit juice (31 marks)
B.2.1

Connect the sample and the corresponding picture number
3 marks (1 per correct choice)
Culture
Picture number
1
2

A

3

B

4

C

5
6

B.2.2

Mark the type of microorganism present in each sample
3 marks (1 per correct choice)
Bacteria

A
B

Mould

Yeast

X
X
X

C
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B.2.4

From the scheme given, which is the morphology (1 – 6) corresponding to:
3 marks (1 per correct choice)
Escherichia coli

3

Staphylococcus aureus

2

Spirillum sp.

6

Indicate whether the following statements are right or wrong
4 marks (1 per correct choice)
True

False

Both prokaryote and eukaryote cells have intracellular organelles with
mitochondrion- and chloroplast-like membranes.

X

Penicillin is effective for treating bacterial infections because it acts on the cell
walls, which do no exist in humans.

X

Only prokaryote cells have ribosomes that participate in protein synthesis.
Only eukaryote cells have microtubules that are involved in chromosomes
segregation during mitosis.

B.2.5

X
X

6 marks

Table for falling times.

Tube number

Enzyme conc. (Units / mL) (*)

Falling times (s)

1

0

65 – 124 sec

2

0.005 / 0.00024

60 – 100 % of first value

3

0.02 / 0.00095

45 – 75 % of first value

4

0.06 / 0.029

35 – 65 % of first value

5

unknown culture A

85 – 115 % of first value

6

unknown culture B

60 – 95 % of first value

(*) Can be expressed as U / ml of the enzymatic preparation added to the juice sample or as U / ml
of mixture of juice + enzymatic extract. Both values are indicated before or after the/symbol for
each tube.
for each filled row 1 mark
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5 marks

Plot of time vs. enzyme concentration

Falling time (s)

B.2.6

90
80 X (Culture A)
70

(Culture B)
X

60

50
0.00 0.01 0.02 0.03 0.04 0.05 0.06

Pectinase concentration
(U/mL of pectinase solution
added to the juice sample)

proper axes and scale 1 mark
correct plotting of data 2 marks
line of best fit 2 marks

B.2.7

Identify the microbial culture, A or B, which produces pectinases and calculate
the pectinase activity in it (expressed as units of activity per millilitre of supernatant).
2 marks
Culture:

B

Pectinase activity:

Calculate by extrapolating in the graph the falling times. Should be
between 0.005 – 0.015 U/ml.

B.2.8

Calculate the change in viscosity (in cP) caused by the treatment with the
pectinase-producing culture, knowing that:
1 mark
viscosity (cP) = 0.25 (cP s−1) · time (s)
Δυ = 0.25 cP s−1 · (falling time in tube 1-falling time in tube 6)
= 0.25 cP s−1 · (80 – 67)s
= 3.25 cP
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in SI

equivalent in cP
[υ] = kg m-1 s-1

101 cP

B.2.10 A company wants to produce a juice with a viscosity of 16 cP. What is the concentration of pectinase necessary to treat 10 mL of fruit preparation according
to the treatment previously described?
2 marks (one for each question)
How many pectinase units are needed to treat 5000 L of fruit preparation?
16 cP/0,25 = 64 seconds
Give the concentration by looking at the graph the U/ml of pectinase
for 64 seconds falling time (0.015 U/ml in this example)

Units of pectinase needed = Result in previous question
(U/mL) · 0,5 (mL) · 5 · 106 (mL)/10 (mL)

Task B.3 – Thermal properties of fruit juice (29 marks)
T1 (°C)

T2 (°C)

V (volts)

Start

15.1

36.8

100

Med.

15.0

36.8

101

End

14.9

36.9

100

Start

15.0

36.8

142

Med.

15.0

36.8

143

Assay

1

2

3

15 marks

Table for measurememts

B.3.1

End

15.2

36.7

141

Start

15.0

36.9

182

Med.

15.1

36.8

183

End

15.0

36.8

182

Mjuice (g)

Time (s)

Mass flow
(g s-1)

122.11

60

2.04

193.96

60

3.23

281.15

60

4.69
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Taking in to account that 1 cP = 10−2 P, what will be the viscosity unit υ in the
International System (SI) and its equivalent in cP?
2 marks

B.2.9
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Mean values

Assay

T1 (°C)

T2 (°C)

V (volts)

1

15.0

36.8

100

2

15.1

36.8

142

3

15.0

36.9

182

for each assay:
temperature values 2 marks
mass values 1 mark
time values 1 mark
for calculating temperature mean values 1 mark

Include the graph (V2/R versus flow ṁ)

6 marks

Assay

ṁ (g s-1)

V 2/ R (W)

1

2.04

100

2

3.23

202

3

4.69

331

400

y = 87.295x
R2 =0.9998

350

power (Watt)

B.3.2

300
250
200
150
100
50
0
0

1

2

3

4

5

6

mass ﬂow (g s-1)
calculation of power values 1 mark
proper axes and scale 1 mark
correct plotting of data 2 marks
line of best fit 2 marks

138

EUSO 2009

Determine from this plot the specific heat cp. Express it in SI units.

cp =

V

2
_____

R

4 marks

ṁ ΔT

= 4.0 · 10 3 J kg -1 K -1
correct calculation 1 mark
reasonable result 3 marks

B.3.4

How much energy has been supplied by the resistor during the collecting time
used in the assay 2?
1 mark
V2
Energy supplied = ____ · t =1.2 · 104 J
R

B.3.5

Assuming that 10000 L of juice have to be cooled from 15 °C to 4 °C, how
much energy has to be withdrawn? Suppose the density of the juice equal to the
water density.
2 marks
Energy lost by liquid = 10 000 L · 1.0 kg L-1 · cp · ΔT = 4.4 · 108 J
correct formula 1 mark
correct calculation 1 mark

B.3.6

Which of following statements is incorrect.

1 mark

a. The Mariotte flask ensures that the exit flow rate of the liquid from the
deposit through the tubing is constant.
b. The Mariotte flask ensures that the pressure on the free surface of a
liquid in the deposit increases as it empties.
c. The Mariotte flask ensures that the pressure on the free surface of the
liquid decreases as the deposit empties.
d. The Mariotte flask enables the atmospheric air to reach the upper part
of the deposit.
Answer:

c.
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Overview
The Faculty of Science at University of Gothenburg hosted the 8th European Union
Science Olympiad. It was held from 11th April to 17th April 2010, and twenty-one
EU countries were represented by two teams each (126 Students): Austria, Belgium,
Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Germany, Greece, Hungary,
Ireland, Lithuania, Luxembourg, Netherlands, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden and United Kingdom.
The two tasks for the competition were developed by a team of scientists from
the Departments of Chemistry, Physics and Zoology. The first task centered around
properties of water, and the second one was a crime scene investigation.
Grants from the National Agency for Education, Erna och Victor Hasselblads stiftelse, Herbert och Karin Jacobssons stiftelse, Kungl och Hvitfeldtska stiftelsen, Sven
och Dagmar Saléns stiftelse and Tage Swahns Stiftelse för undervisning och forskning were greatly acknowledged.
The students and mentors were housed in Lisebergsbyn holiday village situated in a
beautiful wooded area a short distance from the city. This village and the surroundings allowed the students freedom to mingle and interact freely throughout the
whole complex. The dining cottage served authentic Swedish cuisine, which was
much appreciated by all. A full education and social programme was included in
the schedule. The delegations were introduced to the history, architecture, culture,
music, flora and fauna of Sweden and they also participated in sporting activities.
Historical note: Iceland’s Eyjafjallajökull volcano erupted during the EUSO which
interrupted the return plans of many delegations. However, as expected, all proved
to be very good in problem solving and got home safely.
ö Local Team for the 8th EUSO 2010
Organising Committee: Anne-Sofie Mårtensson (chair), Rune Blomgren, Laila Johannesson,
Margareta Johansson, Christian Karlsson, Minna Panas, Marie Rådbo and Lena Schölander.
Scientific Committee: Ann-Marie Pendrill (chair), Ingvar Albinsson, Michael Axelsson,
Lars Bengtsson, Lars Gislén (Lund University), Johan Höjesjö, Magnus Karlsteen, Curt Nyberg,
Urban Olsson and Lennart Sjölin
Student Guides: Anton Axelsson, Mikael Ingemyr, Sanna Hellström Schmidt and Felicia Ullstad
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Medals and results 2010
(bronze medals in alphabetical order)

Rank

Team

Medal

Task A

Task B

Total

(77)

(83)

(160)

%

1

Czech Republic B

Gold

72

83

155

96.9

2

Germany B

Gold

71

81

152

95.0

3

Hungary B

Gold

68

83

151

94.4

4

Germany A

Gold

66

83

149

93.1

5

Romania B

Gold

69

78

147

91.9

6

Hungary A

Gold

62

82

144

90.0

7

Estonia A

Gold

61

82

143

89.4

8

Austria A

Silver

63

75

138

86.3

8

Romania A

Silver

65

73

138

86.3

10

Estonia B

Silver

63

73

136

85.0

11

Lithuania B

Silver

54

81

135

84.4

11

United Kingdom A

Silver

60

75

135

84.4

13

Netherlands A

Silver

56

76

132

82.5

14

Lithuania A

Silver

62

68

130

81.3

15

Slovakia A

Silver

62

67

129

80.6

16

Austria A

Silver

59

68

127

79.4

16

Czech Republic A

Silver

62

65

127

79.4

18

Greece B

Silver

60

66

126

78.8

18

Ireland B

Silver

56

70

126

78.8

20

Slovakia B

Silver

63

61

124

77.5

21

Cyprus B

Silver

53

70

123

76.9

22

Slovenia B

Silver

54

68

122

76.3

23

Belgium B

Silver

55

66

121

75.6

Bronze Medals
Belgium A, Bulgaria A, Cyprus A, Denmark A, Greece A, Ireland A, Luxembourg A,
Portugal A, Slovenia A, Spain A, Sweden A, Bulgaria B, Denmark B, Luxembourg B,
Netherlands B, Portugal B, Spain B, Sweden B, United Kingdom B
Range of bronze medals

19 – 55

145

34 – 68

64 – 115 40.0 –71.9
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Task A

Water
Introduction
In a galaxy many light years from the Milky Way, a planet similar to our own is
populated by intelligent life. These “aliens” are not humans, but they look very
much like us and their technology is far more advanced than ours. For example,
they have the technology for inter-galactic travelling. The name of the planet is
Rullet and the citizens of Rullet are called “rulers”.
Even though their technology is very advanced, they face immediate and severe problems. Their natural resources for energy production were used up
many generations ago. However, they learned to produce solar power in such
amounts that they have been able to sustain their energy-consuming civilization. Unfortunately, their sun is now dying and soon they will have no solar
power either.
This has of course been known for quite some time, and ruler scientists have
been working on a solution for this. They recently had a major breakthrough
in cold fusion and they now know exactly how to produce all the energy they
need from pure water in cold fusion plants. The only problem is that the water
supply on Rullet is very limited. Water is so rare, rulers consider water to be a
“noble liquid”.
According to ruler scientists,
10 m3 of water would be enough
to produce all the energy the
planet needs for 100 years!
Since water in such amounts is
unheard of on planet Rullet they
need to find water supplies elsewhere.
Rulernaut (Name of astronauts
on planet Rullet) Hon Sala is assigned the mission of exploring
the universe and look for planets where water can be found in
superabundance. Rulian astronomers suggest that she starts look-
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ing in the galaxy Silky Road (Name of Milky Way on planet Rullet), because their
infra-red spectrometers have indicated that there might be large reservoirs of
water molecules somewhere in that galaxy.
Using her WARP-powered spacecraft, she arrives at galaxy Silky Road in no-time
(or perhaps we should say “no-space” since she is WARP-powered?). Once in
the galaxy, she has no problem of locating planets housing water. The first planet she visited was Qeuso. There she found lakes which contained contaminated
water. The organisms living in the lakes produced ethanol during their metabolism. Now she is heading for our own planet Earth. This is where our story begins: Hon Sala has just arrived at planet Earth. She leaves her spacecraft in order
to look for water. At first she is very disappointed. There is no water in sight.

Task A.1 – Relative humidity of air
Having looked for several hours and still not having found any water, she sits down
to think. It is early in the morning local time and while she sits there trying to figure
out her next step, a beetle appears from its nest in the sand.
“And how do you find water, my little friend?” Hon Sala asks the beetle. She observes the beetle for a while and she can see it running to the top of a pile of sand
and turning its back to the sun and then it just sits there. “What are you waiting
for?” Hon Sala wonders. To her great surprise, after a while a drop of water appears
on its back and she can see the little drop of water slide down its back and into its
mouth. “Of course!”, she says out loud, ”now I know how to get water!”
She sits down and tries to recapitulate what she learned at Rullet School of Science.
She remembers that liquids always produce a certain amount of vapour in the ambient. If there is any water around on the Earth there must also be some water vapour
in the air. The vapour, of course, gives rise to a certain pressure in the atmosphere.
It is called vapour pressure. If the vapour pressure becomes large enough, water
may precipitate into liquid water. She can still remember her teacher’s final words:
“Remember this, students, the higher the temperature the higher the vapour pressure!”
Now she knows how to extract the water from the air! She only needs to wait until
night when the air temperature drops. If she is lucky, the air temperature will drop
so much that the air no longer can hold all the water and hence water will appear
on leaves where she can collect it!
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The maximum partial pressure of water in air depends on the temperature according
to the diagram below.
70
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Figure 1: The figure shows the maximum vapour pressure in air vs. temperature
(1 hPa = 102 Pa = 102 N/m2).
The relative humidity in air is defined as
vapour pressure in air
maximum vapour pressure in air before water droplets percipitate

x 100 %

You should now help Hon Sala by determining the relative humidity in the room
you are in, using only the equipment available.

Material and equipment
• Block of metal with a mirrorlike
surface
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• Thermometer
• Cooling spray
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Determine the temperature when the dew point is reached. Enter your answer in
box A.1.1 in the answer sheet together with the time of measurement. Now you
can determine the vapour pressure for water in the room. Enter your answer in box
A.1.2. Finally calculate the relative humidity in the room. Enter your calculation in
box A.1.3.

Task A.2 – Viscosity of water
After a busy night when Hon Sala collected condensed water from leaves and flowers, she is somewhat disappointed. Obviously the air on this planet doesn’t contain
enough water for her purposes. During the night, she has only been able to collect
0.7 liters of water not counting the 0.2 liters she has been drinking. Water is so
rare on her home planet that almost no one can afford to drink it, but here, she just
couldn’t resist it.
Hon Sala is a real scientist and therefore starts to investigate more of the properties
of water. On her planet she has studied many different liquids and she thinks that
the water she accumulated during the night flows very easily. The property of a
fluid which is related to the resistance to flow is called viscosity. She looks around
in her spaceship to find suitable equipment for an experiment. She finds a long tube
and a couple of small balls. She intends to fill the vertically aligned tube with water
and then let a ball fall downwards through the water. The ball will quickly attain
a constant velocity and that velocity can be related to the viscosity. Hon Sala now
tries to remember the relation between viscosity and velocity. She needs your help.
The friction force between the ball and water can be approximated by the following
expression:
FR = 6 π η r v
where η = viscosity, r = ball radius, v = speed of ball. Assume the density of water
is 1000 kg/m3. This formula is only valid if the velocity is small and the dimensions
of the container are large.
Question
There is one more force acting upwards. Write the expression for that force in box
A.2.1 in the answer sheet.
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Experiment
Hon Sala waited for the night to lower the temperature. You will have to be smarter
than that, since you’re in an air conditioned room and cannot cool the entire room!
You can use the cooling spray to decrease the temperature of the piece of metal
having a mirrorlike surface and thereby determine the actual vapour pressure in the
room. (Hint: cool the metal slowly and measure the temperature frequently).
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Question
After a short time the sum of the forces acting upwards will equal the force acting
downwards on the ball. Write the expression for the downward force in box A.2.2
in the answer sheet.
Question
Derive an expression for the viscosity, η, in terms of variables given in the questions
above. Write the result in box A.2.3.
Question
Hon Sala also wants to find the unit for viscosity. Derive the unit from your expression and write it in box A.2.4.
Material and equipment
• Transparent tube with two markings fastened to a stand. The
distance between the markings is
0.50 m
• Water in a beaker labelled
“H2O – η“

• Plastic cup with 12 plastic balls
• Stop watch
• Vernier calliper
• Weighing scale

Experiment
Now it is time to set up the experiment. Use the equipment that you have on your
lab desk. Fill the tube with water from the beaker labeled “H2O - η”. The tube has
two markings. The distance between the arrows is 0.50 m. Do at least five measurements to get a good estimate of the viscosity. For each ball determine its mass (mB)
and radius (r). Use the scale provided in the lab and the vernier calliper on your
desk. Determine the falling time for each ball and calculate the corresponding velocity. Now you can calculate the viscosity (g = 9.82 m/s2). Fill in your data in the table
of task A.2.5 in the answer sheet.
Due to the influence of the walls of the tube the ball is falling slightly slower than if
there was no walls in the vicinity of the ball. The correction factor to the measured
viscosity is given by
C=

1
1 + 2.4

r
R

where r = average radius of the balls used and R = inner radius of the tube.
Write the value of the correction factor in box A.2.6.
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Question
It is interesting to know what the radius
of the tube would have to be for Hon
Sala to be allowed to neglect the correction factor. Assume that she could
neglect the correction factor if it equals
0.99 and calculate R. Fill in your answer
in box A.2.8.

Task A.3 – Surface tension and biomechanics
Finally Hon Sala finds a lake. She walks down to
the lake to take a sample of water for her experiments. Now she notices small animals that run
on the surface of the water. She is puzzled by
this since she did not see any animals running
on the surface of the water at the planet Qeuso. She can think of at least two explanations,
either the animals differ in some way from the
animals on Qeuso or the water from that planet
has some peculiar property. Since she has a hard
time capturing the small animals she looks for a method to test the water instead.
She thinks that the surface tension of water may explain the puzzling observation.
In her computer she finds a file related to surface tension measurements. She finds
a method developed by French physicist Pierre Lecomte du Noüy. The methods is
based on a ring tensiometer (see picture above). Unfortunately she does not have
such a meter onboard the ship. But she is inventive and looks at the picture of the
Material and equipment
• A straight stainless steel lever arm
with a hole at each end
• A small wood support with a slit in
one end
• A small piece of stainless steel
plate that fits in the wood support
above
• A stainless steel ring

• Two stainless steel hooks
• A small plastic jar
• Two different pipettes
• One petri dish
• Two bottles with water samples (1&2)
• Two larger wood supports, one for
the lever arm and one for the petri
dish and the stainless steel ring.
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Now do the correction of the viscosity
and write your final result for the viscosity in box A.2.7.
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setup and realizes that she can at least construct a simplified version with things that
she can find on the ship. Your task is now to reproduce the simple tensiometer that
Hon Sala used for her measurements.
Experimental background
On the lab bench you will find all the things that Hon-Sala used and you can build
a replica of the equipment she used.
From this you can build a very simple balance and with this determine the surface
tension (see below).
lever arm

stainless
steel ring

petri dish

wood
support

lever support

wood
support

plastic jar

Hon Sala also found the description of how to calculate the surface tension and you
can see her drawing and formula for calculating the surface tension to the right and
below. Note that the black side of the lever arm should be facing up and the notch
on the other side marks where the lever support should be placed. Note also that
when you have assembled your lever system the stainless steel ring should be resting on the wood support support by its own weight before you balance the system
(the lever arm is not symmetrical around the balance point).
Before you can test the surface tension of the two water samples you need to balance the lever system. You do this by adding a small amount of water (around 600
µL) to the plastic jar until the stainless steel ring raises from the wood support and
the lever arm is horizontal. At this point the force pulling the ring up (balance force
= FB ) matches the mass of the ring multiplied with the acceleration of gravity (mg)
(see Fig. A below).
The Petri dish with the test water should then gently be positioned on the wood
support centered under the stainless steel ring. Then gently lower the lever arm
so that the stainless steel ring touches the water surface. To overcome the surface
tension that is now acting on the ring (F γ ) you have to add more water to the plastic
jar. Finally FB + FRelease reaches the point were it overcomes mg + Fγ and the ring sepa152
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γ=

FB

A

rates from the water (see Fig. B on the right). Be
careful and keep track of the amount of water
you add, when the ring is pulled from the water
surface you should note down the amount of
water you added (assuming a density of water
of 1.00 g mL-1) you can now calculate the force
(FRelease ) and then calculate the surface tension
using the formula below.

r1
r2

mg

FRelease
4·π·r

B

FB + FRelease

where r is the mean value of r1 and r2 and
FRelease is the force needed to pull the ring off the
surface.

r1

Note that you need to take into account that the
lever arm is not symmetrically placed over the
lever support.

r2

The setup is a simple balance and Hon Sala realmg + Fγ
izes that she needs to understand the concept of
this balance before she can perform the surface tension tests. Later on you will do
these experiments, yourself. She vaguely remembers that during her biology studies
she read about lever systems in the body and how to calculate the forces. She opens
a file which describes three different lever systems that can be found in the human
body. She does not remember all the details so you have to help her.
To the right you can see one type exemplified
by the human arm. When you lift something
you hold the Load in your hand, the force that
you use to lift or hold the object is generated by
your muscles and the fulcrum is the elbow joint.
In the schematic picture of the lever system to
the right the two forces are marked Force (M),
which is the muscle force, and Load (L), which
is the load. The Fulcrum (F) is the balance point
of the lever system, in this example the elbow.
Two other types of lever systems are described
in her file but unfortunately the markings of the
Load, Force and Fulcrum are missing.
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Muscle (M)

Load (L)

Force (M)

Fulcrum (F)
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B

M

M

Question
In the picture above you see a schematic representation of the two other lever systems that Hon Sala found in the file. Mark where the Load, Force and Fulcrum (with
the same signs as in the example) are acting in the two examples, use the figure in
box A.3.1 in the answer sheet.
Question
The next question is about how to calculate the forces in a lever system. Look at the
figure below. Calculate the muscle force needed to hold the soda can that weights
365 gram and fill in the answers in box A.3.2 in the answer sheet.

Biceps
muscle

Soda
can

Experiment
Now assemble the lever balance so that you
can perform the measurements of the surface
tension (see above).

Hon Sala has brought with her a sample of
the water from planet Qeuso and also collectElbow
ed a water sample from the lake on earth. You
pivot
will help her to measure the surface tension
30 cm
3.0 cm
of both water samples. Unfortunately she do
not remember which of the two bottles that
contain the water sample from Qeuso, the bottles are just marked 1 and 2 (you find
two flasks with water samples that she left behind on the bench)
Measure the surface tension of both water samples. Repeat the measurement at
least three times for each water sample and calculate the average value. Do not forget to fill in the proper units for the surface tension. Fill in the table of task A.3.3
in the answer sheet.
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Now she starts to look for an explanation for the difference in the ships library.
One difference that she finds is that at Qeuso the water has an ethanol content of
around 10% due to large number of fish species that produce ethanol as part of their
normal metabolism. She also finds out that the oxygen content in the water is very
low due to a combination of a lower oxygen content of the atmosphere and a high
consumption of oxygen from all the fish living in the water.
Question
Hon Sala tries to tie this information together (ethanol production and low oxygen
levels). You have to help her by striking out the wrong parts in the text in task A.3.4
in the answer sheet.
When she finished her measurements in the ships laboratory she returns to the lake.
When she is sitting at the shoreline she spots a small insect that comes running towards the water, it walks straight out on the surface of the lake and then stops. Hon
Sala picks up a fresh pine needle and tries to poke the little insect so that she can
study how it moves its legs when walking on the surface. The animal shoots of over
the surface with twice the speed that it had when walking on land. Hon Sala gets
startled by this sudden activity and drops the pine needle in the water. To her surprise the pine needle floats and slowly
starts to move over the water surface.
The water is perfectly calm, there are
no water currents or wind. She finds
a reference to something that is called
Marangoni propulsion in a scientific paper by Billard & Bruyant but the part of
the paper that describes the mechanism
is gone.
Question
You have to help her by striking out the wrong parts in the text in task A.3.5 in the
answer sheet.

Task A.4 – Water hardness
Now that she has all the water she needs, there is one more thing she would like to
do before she returns home. She would like to test the quality of the water she got.
Hon Sala knows that one of the factors that establish the quality of a water supply is
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Similar to your finding (hopefully) Hon Sala found that there was a clear difference
in surface tension between the two water samples. Assuming that there is no difference in the animals on the planet Qeuso she now knows why she did not see any
animals running on the water surface and she marks the two bottles correctly. Fill
in your answer in the table of task A.3.3 in the answer sheet.
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its degree of hardness. Since this was one of the things she was instructed to investigate, she studied this on her long voyage. The hardness of water is defined in terms
of its content of calcium and magnesium ions. Since an analysis does not distinguish
between Ca2+ and Mg2+, and since most hardness is caused by carbonate deposits in
the earth, hardness is usually reported as total parts per million calcium carbonate
by weight. A water supply with a hardness of 100 parts per million would contain
the equivalent of 100 grams of CaCO3 in 1 million grams of water or 0.1 gram in
one litre of water. How much Mg2+ and Ca2+ does the water contain? Is the water
dangerous to Hon Sala seen from the value of the hardness factor?

Calcium and magnesium analysis by EDTA titration
Chemical background
Hon Sala looks into her file in chemistry which now came in handy and found
that water hardness can be readily determined by titration with the chelating agent
EDTA (ethylenediaminetetraacetic acid). This reagent is a weak acid that can lose
four protons on complete neutralization; its structural formula is below.

O

O

H-O-C-CH2

CH2-C-O-H

O

N-CH2-CH2-N

H-O-C-CH2

O
CH2-C-O-H

The file says: ‘The four acid sites and the two nitrogen atoms all contain unshared
electron pairs, so that a single EDTA ion can form a complex with up to six sites on
a given cation. The complex is typically quite stable, and the conditions of its formation can ordinarily be controlled so that it contains EDTA and the metal ion in a
1:1 mole ratio. In a titration to establish the concentration of a metal ion, the EDTA
that is added combines quantitatively with the cation to form the complex. The end
point occurs when essentially all of the cation has reacted’.
In this experiment you will use EDTA solution with known concentration to determine the hardness of an unknown water sample. Since EDTA and Ca2+ and Mg2+ are
all colourless, it is necessary to use a rather special indicator to detect the end point
of the titration. The indicator you will employ is called Erichrome Black T, which
forms a rather stable wine-red complex, MgIn-, with the magnesium ion. As EDTA
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The titration is carried out at a pH of 10, in a borate buffer, which keeps the EDTA
(H4Y) mainly in the half- neutralized form, H2Y2-, where it complexes the Group IIA
ions very well but does not tend to react as readily with other cations as Fe3+ that
might be present as impurities in the water.
This experiment requires that you know the concepts of stoichiometry, concentration and dilutions.
Material and equipment
• 1 mL and 10 mL pipette
• Peleus ball
• Syringe with rubber tube
• Micro burette fastened to a stand
• 8 Erlenmeyer flasks
• Mg2+-solution in plastic bottle
[Mg2+]
• Borate buffer in plastic bottle
[Borate buffer]

• Erichrome Black T indicator in
plastic bottle with dropper
[Er. Black T]
• 5.0 mM EDTA-solution in plastic
bottle [5.0 mM EDTA]
• Deionized water [Deionized Water]
• Earth water sample in plastic bottle
[Water sample]
• Weighing scale

Experimental procedure
First series of experiments – de-ionized reference solutions
(Please note that the filling of the burette will be demonstrated in the laboratory.)
1. Pipette four 5.00 mL portions of de-ionized water into four clean but not
necessarily dry 25 mL Erlenmeyer flasks.
2. Then add 0.30, 0.50, 0.70 and 1.00 ml, respectively of your Mg2+ solution
from the plastic bottles into the four Erlenmeyer flasks.
3. To each flask add 1 mL of borate buffer (pH 10) and 1 drop of Erichrome
Black T indicator.
4. The initial colour should now be deep red and the end point colour at equilibrium purple. (Compare with reference bottle provided.)
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is added, it will complex free Ca2+ and Mg2+ ions leaving the MgIn- complex alone
until essentially all of the calcium and magnesium has been converted to chelates.
At this point the EDTA concentration will increase sufficiently to displace Mg2+ from
the indicator complex; the indicator reverts to an acid form, which is sky blue, and
this establishes the end point of the titration.

EUSO 2010

5. Fill the micro burette with the EDTA-solution, adjust it to zero, and titrate
the first solution. Write down the amount of EDTA- solution used to the
equivalence point. Be sure to read the micro burette to the highest precision
available.
6. Then refill the micro burette again and repeat the procedure for the remaining three reference solutions.
7. If anything goes wrong, please repeat the procedure for that particular solution.
Fill in all your data in the table of task A.4.1 in the answer sheet.
You have now been supplied with a sample of earth water for hardness analysis.
The determination of the hardness will, to begin with, follow the analysis done on
the de-ionized water.
Second series of experiments – planet earth’s water
8. Pipette four 5.00 mL portions of earth water into four clean but not necessarily dry 25 mL Erlenmeyer flasks.
9. Then add 0.30, 0.50, 0.70 and 1.00 ml, respectively of your Mg2+ solution
from the volumetric flask into the four Erlenmeyer flasks.
10. To each flask add 1 mL of borate buffer (pH 10 ) and 1 drop of Erichrome
Black T indicator.
11. The initial colour should now be deep red and the end point colour at
equilibrium purple.
12. Fill the micro burette with the EDTA-solution, adjust it to zero, and titrate
the first solution. Write down the amount of EDTA-solution used to the
equivalence point. Be sure to read the micro burette to the highest precision available.
13. Then refill the micro burette again and repeat the procedure for the remaining three solutions of earth water.
14. If anything goes wrong, please repeat the procedure for that particular
solution
Fill in all your data in table of task A.4.1 in the answer sheet.
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a. For de-ionized water
b. For ground water.
Plot both graphs plotted on the same axis of task A.4.2 in the answer sheet.
Determine from the graphs in this figure (and the previous table) the difference
( ∆EDTA) between the test solutions and the reference solutions. Since the concentration of the EDTA solution is known, 0.5 mM, the hardness of the water from
planet earth can now be established by using the result of ∆EDTA.
Questions
Now you can answer questions A.4.3 – A.4.9 in the answer sheet.
Mission completed
Now Hon Sala has completed her mission. Before leaving she wants to get a nice
view of the landscape. She starts climbing a mountain. It is a very high mountain and
she can see that the top of it is all white.
“I wonder what all that white stuff is?” she thinks. ”From here it looks like whipped
cream.” When she finally reaches the top of the mountain, she realizes that the
white stuff is not whipped cream. When she puts it in her mouth it melts and she
understands that it is frozen water. “Wow!” she says out loud. She is cold after the
long walk and decides to make herself a hot cup of water using the small camping
stove she brought with her.
Question
The boiling point of water is 100 °C at sea level. Hon Sala is now on a very high
mountain. Will that have any influence on the temperature at which water boils?
a. No, the water will still boil at exactly 100 °C.
b. Yes, the water will boil at a temperature less than 100 °C.
c. Yes, the water will boil at a temperature higher than 100 °C.
d. It depends on the temperature on the mountain: If the temperature on the
mountain is different from that at the sea level, then the boiling point will
also differ with exactly that difference.
e. It depends on the humidity on the mountain: If the humidity on the mountain
is different from that at the sea level, then the boiling point will also differ.
Enter your answer in box A.4.10 in the answer sheet.
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Determination of hardness
Use the supplied mm paper to plot two set of lines.
Plot a graph of the dependence of the volume of EDTA (in mL) versus volume of
Mg2+ solution added..
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Task A

Water – Answer sheet
Task A.1 – Relative humidity of air

( 7 marks)
2 marks

A.1.1 The dew point is at (state unit)
according to precision, 9.3°C ± 2°C: 2 marks, ± 4°C: 1 mark

1 mark

A.1.2 The vapour pressure is (state unit)
12 hPa

gives credit point if the graph has been read correctly

A.1.3 The relative humidity is (show your calculation)

4 marks

Room temperature = Troom = 23.1 °C
Maximum vapour pressure = 28.2 hPa
12 hPa · 100 % = 43%
relative humidity =
28.2 hPa
correct value of maximum vapour pressure in the lab: 1 mark
correct quotient given: 1 mark
correct value of relative humidity - ± 10% : 2 p, ±15% : 1 mark

Task A.2 – Viscosity of water

( 17 marks)

A.2.1 The additional force acting upwards is:
(parameters which may be used are: rA= density of the air, rB= density of the
ball, rW= density of water, mB = mass of the ball, mW= mass of water in the tube,
r = radius of the ball, R = radius of the tube, g = acceleration of gravity)
1 mark
4 π r3 ρ g Force due to buoyancy
W
3
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mB g or

4
π r3 ρB g
3

A.2.3 The viscosity h can now be written (show your calculation):

3 marks

Force balance
4
πr 3 ρB g
6π ηrv + 4 πr 3 ρW g =
3
3
4
6π ηrv +
πr 3 ρW g = mB g
3

or

Viscosity
η=

η=

2 · r2
( ρB − ρW ) · g
9·v
mB − 4 · π · r 3 · ρW
3
6·π·r·v

or

·g

force balance 2 marks
expression for η 1 mark

1 mark

A.2.4 The unit for viscosity is:
Ns/m2 or Pa s
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A.2.2 The force acting downwards is:
(parameters which may be used are: rA= density of the air, rB= density of the
ball, rW= density of water, mB = mass of the ball, mW= mass of water in the tube,
r = radius of the ball, R = radius of the tube, g = acceleration of gravity)
1 mark
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A.2.5 Table of measurement of viscosity (include correct units)
21.7

Water temperature:

8 marks

°C

r
( cm )

v
( cm/s )

η
( Pa s )

0.110

0.295

5.04

8.64

10.10

0.108

0.293

4.95

9.47

3

11.44

0.110

0.295

4.37

9.96

4

12.48

0.110

0.295

4.01

10.86

5

10.44

0.108

0.293

4.79

9.79

6

9.81

0.110

0.295

5.10

8.54

7

12.48

0.110

0.295

4.01

10.86

Mean value

9.73

Measurement
No

Time
( s )

1

9.93

2

(

mB
g )

Water temperature and correct units for table 1 mark
Acceptable data for at least three measurements 5 marks
More than ﬁve measurements 1 mark
Overall good data and value for η 1 mark

1 mark

A.2.6 The correction factor is:
C=

1
1 + 2.4

0.294
1.300

= 0.65 ± 0.01

A.2.7 The corrected value for the viscosity, h, is:

1 mark

ηcorr = 6.3 mPa s
A.2.8 To get C = 0.99, R must be (state the unit):
R=

2.4 r
1
-1
C

= 69 cm
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(27 marks)
6 marks

A.3.1 Lever systems in human body:

(3 per correct assignment)

Force (M)

Fulcrum (F)

Load (L)

B

A

M

M

L

M

L
F

F

2 marks

A.3.2 The muscle force is: (state the unit)
Fη = 0.365 kg · ms-2

M

33 cm
= 39 N
3.0 cm
correct formula 1 mark
correct calculation 1 mark
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Task A.3 – Surface tension and biomechanics
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A.3.3 Table for surface tension measurements
State the unit for surface tension in the table.
Ring diameter =

6.8

12 marks

cm. Water temperature =

19.5

°C

Bottle 1. Water from planet earth
Measurement
No.

Water added to
release ring ( g )

Frelease (N)

Surface tension γ
( g s-2 )

1

4.80

0.0471

110

2

4.90

0.0481

113

3

4.85

0.0476

111

Mean value

111

Bottle 2. Water from planet Qeuso
Measurement
No.

Water added to
release ring ( g )

Frelease (N)

Surface tension γ
( g s-2 )

1

4.17

0.0409

96

2

4.15

0.0407

95

3

4.05

0.0397

93

Mean value

95

correct identification of water samples 1 mark
correct ring diameter 1 mark
unit for surface tension 1 mark
value for added water (1 mark each) 2 marks
Calculation of Frelease and levers (2 marks each) 4 marks
value of surface tension from one measurement (1 mark each) 2 marks
two more measurements 1 mark

A.3.4 Strike out the wrong parts in the text:

6 marks

When the levels of oxygen decrease below a certain point animals have to
switch to aerobic / anaerobic metabolism. The end product of this type of
metabolism is lactic acid / carbon dioxide and water in some animals the end
product is instead ethanol / adrenaline. If there is an increase in the plasma
levels of lactic acid or carbon dioxide the pH of the blood will increase / fall.
Carbon dioxide is eliminated from the body via the liver / lungs or gills while
lactic acid is eliminated by the liver, kidneys, and the heart / via the urine.
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Marangoni propulsion depends on:
a. Difference in weight between the front and end part of the object
b. Difference in surface tension between the front and end part of the object
c. Difference in temperature of the object and the water

Task A.4 – Water hardness

( 26 marks)

A.4.1 Table of the results from the eight different titrations in the hardness determination
4 marks

Experiment
No

Mg2+ added
(mL)

EDTA
used to the
equivalent
point,
de-ionized
water (mL)

EDTA
used to the
equivalent
point, water
from Earth
(mL)

1

0.30

0.43

0.92

0.49

2

0.50

0.59

1.01

0.42

3

0.70

0.87

1.37

0.50

4

1.00

1.25

1.65

0.39

Average ∆EDTA

0.45

∆EDTA
(mL)

for each complete row 1 mark

A.4.2 Graph of EDTA volume vs. Mg2+ volume
Do it following the instructions given in the text.

5 marks

2,00

proper axes
and scale 1 mark
correct plot of
data 2 marks
lines of best
fit 2 marks

1,80
1,60

V (EDTA) / mL

1,40
1,20
1,00
0,80
0,60
0,40
0,20
0,00
0,00

0,20

0,40

0,60

0,80

V(Mg 2+) / mL
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1,20

Water

1 mark

A.3.5 Strike out the wrong parts in the text:
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A.4.3 Calculate the number of Mg2+ and Ca2+ moles in the water sample from planet
Earth.
1 mark
0.45 · 10-3 L x 5.0 x 10-3 mol L-1 = 2.3 · 10-6 mol
A.4.4 Calculate the concentration of Mg2+ and Ca2+ in the water sample from planet
Earth.
1 mark
2.3 · 10-6 mol
= 0.45 mM
5.0 · 10-3 L

A.4.5 Assuming that there is no difference in chemical behaviour between Mg2+ and
Ca2+ in water samples, calculate the mass of CaO (calcium oxide) in 1.0 L
water from planet Earth.
1 mark
0.45 · 10-3 mol · 100 g mol-1 = 45 mg
A.4.6 Inspect the table below describing the concentration of Ca2+ and Mg2+ ions in
mmol/L (the hardness parameter consists of a sum of these ions in mmol as a function of the volume). Please suggest where on the hard/soft scale water from planet
Earth is placed.
1 mark
soft
Table: Classification of the water hardness
Classification

Hardness (mmol/L)

Very soft

< 0.375

Soft

0.375 – 0.875

Average

0.875 – 1.750

Hard

1.750 – 3.750

Very hard

> 3.750

Supplementary Questions
A.4.7 Hard water is the reason for deposits of CaCO3 in for instance coffee boilers. However, it is relatively easy to remove the unwanted CaCO3 surface
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CaCO3 + 2CH3COOH –> Ca(CH3COO)2 + CO2 + H2O
A.4.8 Regular commercial soap consists of alkali salts and higher carboxylic acids.
It does not work sufficiently well in hard water due to a formation of a precipitation. Starting from Ca2+ and C17H35COOH in a basic solution write a
balanced reaction showing the formation of this precipitant.
1 mark
Ca2+ + 2C17H35COOH +2OH- –> Ca(C17H35COO)2 + 2H2O
A.4.9 EDTA is a very useful agent to remove metal ions from a water solution. It is
frequently used as a cleaning step in the preparation of biological proteins and
enzymes. This question deals with the chemical formula and the systematic name
for a set of compounds from the field of transition- and half metals. Please, write
down the correct chemical formulas for the following molecules:
10 marks
1 mark for each formula

Aluminium oxide

Al2O3

Copper(II) chloride

CuCl2

Iron(II) sulphate

FeSO4

Sodium nitrate

NaNO3

Potassium bromide

KBr

Magnesium carbonate

MgCO3

Hydrochloric acid

HCl

Zinc acetate

Zn(CH3COO)2

Silver oxide

Ag2O

Mercury(II) phosphate

Hg3(PO4)2

A.4.10 Choose the correct answer to the question in the task sheet.
a.

b.

Answer:

c.

d.

e.

b.
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Water

from a coffee boiler or a coffee pot. The recommendation is that you boil regular water with diluted acetic acid (CH3COOH ) added, and that will remove
the CaCO3 stain. Please, write a balanced reaction based on the starting molecules CaCO3 and CH3COOH. Hint! CaCO3 in acidic solution will form CO2 and
water as by-products.
1 mark
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Task B

Crime Scene Investigation
Who Killed Erik Lundberg?
It was a gloomy Sunday morning in the beginning of October. The strong wind
made the rain drops hit the windows, creating an intensive sound.
Inside the police station, on the other hand, a robust smell of coffee made the
environment very inviting. Although it was a Sunday, quite a few officers were
in. The reason for this was the murder of Erik Lundberg, which had taken place
very recently. The two suspected murder locations were the victims home and
a local pub, “The Crown”.
Inspector Carin Larsson entered the forensic laboratory and approached Dr.
Mary Blade, chief of the Crime Scene Investigators (CSI). Before inspector Larsson even had time to ask about the cause of death, Dr. Blade spontaneously
declared: “A typical case of copper sulfate poisoning. Erik Lundberg has been
poisoned with copper sulfate pentahydrate”.
Inspector Larsson got all the information from Dr. Blade before returning to her
office where she started to summarise what they knew so far.
Erik Lundberg had been found in his home late Saturday morning. The maid
had found him lying on his bed, apparently dead. The police officers who first
arrived at the crime scene secured the location and awaited the arrival of the
investigators and the forensic team.
The forensic team had arrived at noon
and immediately started their documentation of the crime scene. They directly
measured the body temperature of the
corpse, to be able to estimate the time
of death. They noted that the bedroom
window was open and that the room
temperature was 10.0°C (assume that the
room temperature was constant during
the night and remains constant). It took
the forensic team another 9 hours to
complete the investigation of the crime
scene (photographing and securing evi-
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Inspector Larsson had also been informed that Erik Lundberg had received an
anonymous death threat three days earlier. Its author had cut letters from various journals and newspapers to form the following message:

This letter was analysed in detail by the forensic investigators, who found a
large amount of unknown particles, which probably were of biological origin.
No ﬁngerprints were found. Samples of the particles were preserved for
microscopic analysis.
It did not take long for the investigators to realise that there were four prime
suspects who could have been involved in the murder of Erik Lundberg.
They were:
A.
B.
C.
D.

Nils, 52, colleague of Erik Lundberg.
Anders, 45, cousin
Malin, 37, ex-wife
Linda, 43, former business partner

Who killed Erik Lundberg? The continued story
The police interviewed the suspects and close
to forty witnesses. They also checked receipts,
credit card use and surveillance cameras. As a
result of this, the police was able to establish
the following facts:
Erik Lundberg met Linda for lunch at 12 o’clock.
Erik drank two glasses of beer.
After lunch, at approximately 1 pm, he met with Anders. At that meeting Erik
drank one cup of coffee.
In the afternoon he met Malin for supper at 6 pm. Erik drank three glasses of
wine.
At around 7 pm Erik met Nils in a bar. Both had one glass of whiskey.
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dence, looking for possible traces of the killer, etc.) and before the body was
removed, the team measured the temperature of the body a second time.
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Summary of the body temperature analysis
• Bedroom temperature: 10.0 oC (constant)
• Body temperature at 12 noon Saturday: 31.0 oC
• Body temperature at 9 pm Saturday evening 24.0 oC
About Erik Lundberg
• Age: 46 year old
• Weight: approx. 70 kg
• Total volume of blood: 5.00 L
• Poisoned with Copper(II) sulphate pentahydrate (CuSO4 · 5H2O).
• Other signs on the body: none
Chemical reference information
• CuSO4 · 5H2O has a density ρ=3.7 g/mL
Volume of the drinks (per drink)
• Beer:
• Coffee
• Wine
• Whiskey

0.40 L
0.15 L
0.15 L
0.06 L

A forensic team investigated the ﬂora inside the suspect’s homes, and also the
surrounding areas. Their results are summarised in “Report from the Forensic
Botany Team”.
(Non-)Fact Sheet
In this fictitious story we use a substance that in real life has different properties
than those we award it here. The reason is that we need to use something you
can work with, without dying. The following statements are not true, but will be
considered facts in this story:
CuSO4 · 5H2O is a lethal poison. Ingestion of any amount over 20 mg kg -1 will
lead to certain death.
CuSO4 · 5H2O is easily dissolved in any of the liquids drunk by the subjects in
this story, and also becomes invisible in those drinks.
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This poison has some strange properties that delay all symptoms for 7– 8 hours
after ingestion. When symptoms finally occur, death is almost instant.
Inspector Larsson knew that a body cooling curve over time constructed by the
forensic physics analysts would probably give her a relatively accurate time of
the murder, another piece of circumstantial evidence, which could possibly be
used to exclude some of the suspects.
When the victim was found the forensic team took the whole blood because
Inspector Larsson realised that if someone could determine the concentration
of the poison in the blood sample, based on results from the forensic laboratory
and complementary analyses by you, she could hopefully exclude one or two of
the four suspects, based on what Erik Lundberg drank during his last day in life.
It is time for you to solve this murder case. Please, observe that it is necessary
to utilise information based on the chemical, biological and physical analyses
done by the forensic team or by you to be definitely sure of who poisoned Erik
Lundberg this Friday afternoon or evening.
Good Luck!

Task B.1 – Determine the cooling curve of the dead
body
Material and equipment
• Turnip initially in heat bath
(temperature 50 – 60 °C)

• Thermometer
• Stop watch

A long time ago, before potatoes were imported to Sweden, the „turnip“ or „swede“
(known as „rutabaga“ in the US), was a base ingredient in Swedish food, and an
important source of vitamin C. In this experiment, however, you will focus on the
cooling of the swede, as a way to deepen your understanding of how bodies cool,
and also to find out at what time Erik died, and his body started cooling. As you will
notice, the cooling is quite slow, so you will need to follow the cooling for a considerable amount of time. The starting temperature of the swede directly taken from
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All the liquids can hold a maximum of 25 mg mL-1 of the poison. If more is
mixed into a drink nobody will drink it because of the awful taste that is only
perceived above that amount.
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the heat bath is about 50 – 60 °C. Note the following experimental details:
• Be careful not to burn your hands. Use protective eyeglasses and gloves when you
take the swede out of the heat bath.
• Put the hot swede on a table and keep away from other objects that may influence
the cooling process.
• Measure the temperature in the centre of the swede as it varies with time. The
sensor of the thermometer is located at the tip of the metallic shield.
Fill in your answer book as you go along in your investigation
B.1.1 Collect your data in the table in the answer sheet as you do the measurements.
B.1.2 Draw a graph showing how the temperature of the swede varies with time. In addition, draw a horizontal line in the graph corresponding to the room temperature.
B.1.3 Assume that the cooling of a dead body follows the same type of relationship between temperature and time as the cooling of a swede. You can then use your experimental graph to estimate the time of death of Erik Lundberg. Since the swede
obviously cools down faster than a human body, and the temperatures are different, you will have to rescale the axes, and change the time and temperature scales
to fit with the relevant information given in the “story text” regarding the death.

Temperature, Erik Lundberg

Time after death
Temperature (swede)

The figure to the right shows an
example of how to include the alternative coordinate axes, corresponding to the cooling of the dead
body. In your diagram, add the axes
(including scales) corresponding to
the time after death and to the temperature of Erik Lundberg’s body,
assuming that his body temperature
at the time of death was 37.0 °C.

Time (swede)

B.1.4 Now you can determine the time when Erik Lundberg died. Write your answer in
box B.1.4
B.1.5 From the time of death obtained above you can conclude that some of the suspects
cannot have murdered Erik Lundberg. Which of the suspects remain? Mark your
results in the answer sheet.
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B.1.6 The cooling of the swede follows a curve which can be described by one of the
following alternatives:
a. T = (Tstart - Tambient ) . at
b. T = Tstart - a . t
c. T = Tstart - a . t2
d. T = Tstart - a . t0,5
e. T = (Tstart - Tambient ) .at +Tambient
f. T = Tstart - a . t - Tambient
g. T = Tstart - a . t2 - Tambient
h. T = Tstart - a . t0,5 - Tambient
where T denotes temperatures measured in °C and t denotes the time from the start
of the measurement, expressed in a suitable time unit, e.g. minutes or hours or any
other unit of your choice. The value of the parameter a obviously depends on your
choice of time unit. Choose the correct expression and write your answer in box
B.1.6
B.1.7 Determine the parameter a for the swede for your choice of time unit. Write your
value for a and your choice of time unit in box B.1.7
B.1.8 For your choice of formula for the cooling in 1.6 determine the parameter a for Erik
Lundberg’s dead body, using the data supplied in the cover story. Use a suitable
time unit and find the parameter a for this choice. Write your value for a and your
choice of time unit in box B.1.8.
B.1.9 At what time would Erik Lundberg’s dead body have cooled to 11 °C (assuming that
the ambient temperature remains unchanged)? Write your answer in box B.1.9.
B.1.10 If your cooling graph for a swede can be used as a model for a dead body, it can also
be used to describe other objects. The time scales are different and the parameter
values for a in B.1.7 and B.1.8 above depend on the choice of time unit. However,
in both cases, you can identify a time, t50, when the temperature difference has
fallen to 50 %. You can then introduce a dimensionless variable, x = t / t50 which is
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independent of the time unit used. Now, rewrite the expression you chose in B.1.6
in the form y = f(x). The variable y should be dimensionless and tell what fraction
remains of the original temperature difference. Again, this is independent of the
temperature scale used. Write down an expression for y in terms of temperatures
involved, i. e. T, Tstart and Tambient. Also write down the function y = f(x) in box B.1.10.
B.1.11 The experimental curve you have used for simulating the cooling process of a dead
human body is after all not perfectly realistic. The cooling of a dead body starts
from the outside since the heat is transferred through the surface of the body. In
a living human the central part of the body is kept at a constant temperature of
37°C, this temperature is maintained by the cell metabolism and the distribution
of the heat by the circulation of blood. As soon as the death occurs, the heat production of the cell metabolism and the circulation stops. The temperature is measured deep inside the body. Which one of the following graphs would be the most
realistic for what happens? Choose the correct answer on the answer sheet (B.1.11)

Temperature

b)

Temperature

a)

Time

Time

Temperature

d)

Temperature

c)

Time

Time
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Please note! The following section provides important background information,
but you do not need to perform this experiment, yourselves!
This scheme has been followed by the forensic laboratory (Dr Blake) to determine
electrolytically the mass of copper on the cathode. This mass is a measure of copper
in the test sample from the blood sample of the victim.
Dr Blake’s method (not to be done but to be read)! This method describes the handling of the electrolytical cell and the sample preparation including a concentration
and filtering step that must be considered by you, to be able to calculate a correct
result at the end of this analysis.
The sample of whole blood from the victim was purified from red blood cells and
concentrated 5 times to the volume of 1.00 L before the analysis begun. This new
sample is marked “blood serum”. The analysis started and 10.0 mL of this blood
serum sample was pipetted into a 250 mL beaker and diluted with distilled water so
that roughly 90% of the cathode was covered by the solution. In addition, 1 mL of
concentrated H2SO4 was added to the solution in the beaker.
Before the cathode (a copper piece) was placed in the electrolytical solution, it was
cleaned by quickly dropping it into the diluted H2SO4 cleaning solution. The copper
piece was then washed several times with distilled water. Then it was dried and its
mass was measured on the scale to highest precision. The obtained mass is stated on
the plastic bag, which contains the copper cathode.
The analytic cell was constructed according to the picture below. The cell was started by using the power from the power supply and it was run for approximately 1.5
hours. At this point all copper was deposited on the electrode. In this way, solid
copper layers were added to the original copper plate in this reaction.

A
+
-

V
cathode

175

anode

Crime Scene Investigation

Task B.2 – Forensic chemistry

EUSO 2010

Finally the process was stopped by lifting the electrodes up from the cell, however
with the power from the power supply on and constantly spraying the cathode
with distilled water for about 30 seconds. Then the power supply unit was released
from the electrodes. The cathode was then dried and placed in the plastic bag.
Information provided by the electrolysis analysis
The copper electrode is now available for you. It has been dried by the forensic
laboratory and its original mass before the electrolysis experiment is stated on the
covering plastic bag. Please, determine its current mass on the high-precision scale
and fill out the answer sheet concerning the electrolytic analysis (B.2.1 – B.2.5).
Please, be aware of the dilution used by the forensic laboratory!
Titration analysis
The concentration of Cu2+ in an unknown solution can also be determined by a standard titration method using KI(s) as a reducing agent for Cu2+ and S2O32- as a titrand
in the successive titration experiment according to the following reactions:
2Cu2+ + 4I-

→

2CuI(s) + I2

I2 + 2S2O32-

→

S4O62- + 2I-

Experimental procedure
Material and equipment
• Copper electrode in plastic bag
• High precision scale
• Periodic table
• 1 mL and 10 mL pipette
• 3 Erlenmeyer flasks
• Micro burette fastened to a stand
• Copper solution in plastic bottle
[stock solution]
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• Solid KI [KI]
• Acetic acid in plastic bottle
[acetic acid]
• S2O32- solution (0.100 M) in plastic
bottle [S2O32-]
• Starch indicator
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2. Fill the macro burette as shown to the zero level (it is automatically adjusted).
Sometimes the zero level is somewhat lower than zero. Please, write down this
level, which is specific to your burette.
3. Add to all three flasks 2.0 g solid KI, and 1.0 mL acetic acid. Then titrate with
S2O32- until the solution is pale yellow. The concentration of the S2O32- solution in
the burette is 0.100 M (molar).
4. At this point you add 0.5 mL of starch indicator using the small pipette. Then
continue titrating until the blue colour disappears.
5. Titrate the three Erlenmayer flasks to the end point and read off the titration
value on the burette.
If you need extra solution, please ask for it!
Fill in your answer sheet (B.2.6 – B.2.14).

Task B.3 – Forensic biology
Material and equipment
• Microscope
• Microscopic slide with samples of
particles on anonymous letter

• Pollen manual with information on
plants found around the suspects’
homes

Determine the nature and origin of the particles on the anonymous letter. These can
be studied on the microscopic slide you have received. Examine the reports by the
forensic biologists and use the information available to answer the first two questions, then answer the remaining questions.

Report from the Forensic
Botany Team
Summary of plants found in and around
the houses of the suspects in the Erik
Lundberg murder case (case EUSO/2:3)
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1. Pipette 10.00 mL copper solution each from the stock solution (the blood serum)
into three clean but not necessarily dry Erlenmayer flasks.
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Nils
Address: Central Gothenburg
Report from forensic botany team:
The suspect lives in an apartment in central Gothenburg. There is a nearby
park with well kept lawns and some trees. There are also trees near the house
and along roads. A neighbouring apartment has flowers growing on a balcony.
Inside the appartement there were a few decorative plants in the livingroom.
Plants found near the apartment:
Quercus robur
Betula verrucosa
Poa sp
Tagetes sp

Plants found in the house:
Hibiscus sp
Ricinus sp

Anders
Address: PO Box 463, Fjärås
Report from forensic botany team:
The suspect lives in a rural area 10 kms south of Gothenburg. The immediate
surroundings are fields of various agricultural crops. There are no trees near the
house. The suspect has a small but meticulously kept garden with a few beautiful roses and other flowering plants. There were no flowering plants inside the
house. The windows were decorated with plastic flowers.
Plants found in the garden:
Rosa spp
Ipomoea sp
Oenothera sp
Sildalcea malviflora

Plants grown in the surrounding fields:
Phleum pratense (15 acres)
Zea mays (4 acres)
Avena nativa (20 acres)
Helianthus annuus (1 acre)

Wild plants found in the surrounding area:
Artemisia absinthum
Polygala virgata
Arabidopsis thaliana
Taraxacum sp
Linda
Address: Bonnatorpet, Hindås
Report from forensic botany team:
The suspect lives in a small isolated house in the forests 15 kms east of Gothen-

178

EUSO 2010

Plants found inside the house:
Opuntia ficus-indica
Wild plants found in the
surrounding area:
Artemisia
Pinus silvestris
Quercus robur
Betula verrucosa
Betula pubescens

Plants found in the garden:
Abies sp
Lilium auratum
Phleum pratense
Taraxacum sp
Ambrosia sp
Sildalcea malviflora
Solidago sp

Malin
Address: Grisholmen, Öckerö
Report from forensic botany team:
The suspect lives on an island 5 kms west of Gothenburg. There is no garden,
and most of the surrounding areas are exposed rock. There are a few weeds
around the edge of the house and small grassy areas nearby. A single suflower
grows in a crack in the rocks, under a bird feeder. Inside the house, there were
all in all five flowerpots, one in each window.
Plants found in the house:
Pelargonium sp
Plants found in the surrounding area:
Artemisia absinthum
Ambrosia sp
Helianthus annuus
Arabidopsis thaliana

B.3.1 Which species of plant did the particles originate from? Write your result in the
answer sheet (B.3.1).
B.3.2 Which suspect(s) appear most likely to have written the anonymous letter? Mark
your answer in the answer sheet (B.3.2)
B.3.3 Veterinarian CSI officer, part I SUMMER: For which of the following animals can
the cooling curve that you have constructed be applied to determine the time of
death. Mark your answers in the answer sheet.
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burg. There is a small neglected garden, which almost without any visible border connects to the forest. Inside the house, there were several small cactuses
in each of the windows.
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Species

Class

Brown Rat (Rattus norvegicus)

Mammalia / mammals

Common Starling (Sturnus vulgaris)

Aves / birds

Common Viper, Adder (Vipera berus)

Reptilia / reptiles

Common European Toad (Bufo bufo)

Amphibia / amphibians

European carp (Cyprinus carpio)

Actinopterygii / fishes

B.3.4 Veterinarian CSI officer, part II WINTER: You are asked to come to a very different
crime scene. Somebody has killed (within the last 13 hours) a brown bear (Ursus
arctos) and an European hedgehog (Erinaceus europaeus) during the winter. Both
animals were killed in their winter quarters where the air temperature was 8 °C
and the question is now: Can a cooling curve similar to the one you constructed for
Erik be applied to determine the time of death for these two animals? Mark your
answers in the answer sheet (B.3.4).
B.3.5 Suppose a tree grows and increases its mass by 100 kg. What is the origin of the
majority of the increase in mass. Choose only ONE alternative in the answer sheet
(B.3.5).
a. Earth/soil and water (H2O)
b. Water (H2O) and air
c. Water (H2O) and minerals
d. Earth/soil and minerals
B.3.6 Place the animal species in the tree diagram, in a way that is consistent with their
evolutionary relationship. Write the number associated with each animal in the
appropriate box instead of names. Do not forget to copy the results into the answer
sheet (B.3.6).
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B.3.7 Suppose that ALL plants, algæ, bacteria, fungi and protists on and around an isolated
island die. What describes best what will happen to the land-living animals on a long
time scale? Mark only ONE alternative on the answer sheet (B.3.7).
a. All animals die eventually.
b. Many animals die, but those who are meat-eaters survive.
c. Some animals that used to eat plants find other things to eat and survive.
d. Only the strongest animals survive.
B.3.8 All plants need energy to survive. What is correct about the energy-rich substances
that plants that grow on land need. The question only concerns plant species that
do not get help from other species to acquire these substances. Mark only ONE
alternative on the answer sheet (B.3.8).
a. Plants take up energy-rich substances through their roots.
b. Plants take up energy-rich substances through their leaves.
c. Plants take up energy-rich substances both by the roots and the leaves.
d. Plants do not use any of the methods described in alternatives A-C to get
energy-rich substances.
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B.3.9 A person you know suffers from hayfever, but loves gardening. Based on your general understanding of hayfever and plant ecology, the plants below may be predicted
to differ in how harmful they are for allergic persons. Which 2 plants below would
be the first ones you would tell your friend NOT to plant in the garden? Give your
answer on the answer sheet (B.3.9).

a

b

c

d

e

f

B.3.10 Suppose you cover a plant with a plastic bag, like in the picture below, and put
it in the dark for 24 hours. The bag is sealed tight, and nothing can pass between
the inside and outside of the bag. At the start of the experiment the bag is
filled with air of the exact same composition and properties as the air outside
the bag. Only two of the statements below are true for the situation after 24
hours in the dark. Mark the statements that are true on your answer sheet
(B.3.10)
a. The amount of oxygen (O2) decreases inside the bag.
b. The amount of oxygen (O2) increases inside the bag.
c. The amount of oxygen (O2) is unchanged inside the bag.
d. The amount of carbon dioxide (CO2) decreases inside the bag.
e. The amount of carbon dioxide (CO2) increases inside the bag.
f. The amount of carbon dioxide(CO2) is unchanged inside the bag.

Task B.4 – Solving the Case
Solve the murder case using the information presented in the cover story and your
results of tasks B.1. – B.3. Answer question B.4.1 on your answer sheet.
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Crime Scene Investigation – Answer sheet
Task B.1 – Determine the cooling curve of a dead body

(25 marks)
B.1.1 Fill in the Table with your experimental data for the cooling of the swede.
3 marks
Table: Temperature of the swede as function of time
Starting time

13:45

Room Temperature

23.0 °C

Time (min)

Temperature (°C)

Time

Temperature (°C)

0

55.0

51

35.6

1

54.7

55

34.6

2

54.5

60

33.4

3

54.3

65

32.4

4

54.1

71

31.3

5

53.9

76

30.5

6

53.6

82

29.2

12

51.3

88

28.0

15

50.0

94

27.0

19

48.3

100

26.1

25

45.8

105

25.5

30

43.7

110

24.9

34

41.7

115

24.4

38

40.0

120

23.9

42

38.5

125

23.4

45

37.2
Temperature at start and time of start 1 mark
at least ten temperature measurements over appropriate range 1 mark
record of temperature difference down to 40 % or less of initial difference 1 mark
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B.1.2 Draw a graph showing how the temperature of the swede varies with time. In
addition, draw a horizontal line in the graph corresponding to the room temperature.
4 marks
Time after Lundberg's death / h

55.0

20

30

40

50

60

X

50.0
Temperature of swede / °C

10

37.4

32.4

X

45.0

27.4

X

40.0

22.4

35.0
17.4
30.0
12.4

25.0
20.0

Temperature of Lundberg's body / °C

60.0

0

0

20

40

60

80

100

120

7.4

Cooling time for swede / min

proper axes and scale 1 mark
correct plot of data with best fit curve 2 marks
line for ambient temperature 1 mark

B.1.3 Ensure that you have included the alternative axes corresponding to the
cooling of Eric Lundberg in the graph from the previous task.
2 marks
per properly scaled axis 1 mark

2 marks

B.1.4 At what time did Erik Lundberg die?
Time of death:

Saturday night at around 2 am
result between 0 am and 3 am gives 2 marks
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(1 per correct choice)

Nils

Yes

No

Anders

Yes

No

Malin

Yes

No

Linda

Yes

No

B.1.6 Choose the formula that best describes the cooling of the swede.
Answer:

2 marks

e.

B.1.7 Determine the parameter a for the swede. Write down the determined value and
the choice of time unit.
2 marks
answer

a = 0.98

Choice of time unit

minutes
value calculated from data according to formula chosen 1 mark
proper unit of time given 1 mark

B.1.8 Determine the parameter a for Erik Lundberg’s dead body. Write down the determined value and the choice of time unit.
2 marks
answer

a = 0.97

Choice of time unit

hours
value calculated from data according to formula chosen 1 mark
proper unit of time given 1 mark

B.1.9 How long after his death would Erik Lundberg’s body temperature reach
11 °C?
1 mark
Time after death:

59 hours (read from graph) – 108 hours (formula)

value either read from graph or calculated with determined value for a 1 mark
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B.1.5 Who is still a suspect based on your results of task B.1? Circle “Yes” or “No” for each
name.
4 marks

EUSO 2010

B.1.10 Write down the value of the variable y and the general expression for the cooling
of any body.
2 marks
Variable y
y=

(T – Tambient )
(Tstart – Tambient )

Generalized expression

y= 1
2

x

expression for variable y 1 mark
generalized formula 1 mark

B.1.11 Choose the correct answer for the most realistic graph.
Answer:

1 mark

b.

Task B.2 – Forensic chemistry

(28 marks)
1 mark

B.2.1 Give the mass of the copper cathode in grams.
a. before electrolysis

11.4240 g

b. after electrolysis

11.4521 g

B.2.2 What is the mass difference in grams (after – before the electrolysis)?
0.0281 g

mass difference:
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1 mark

249.7 g mol-1

molar mass of CuSO4 ∙ 5H2O:

B.2.4 Calculate the amount of copper ions (in moles) in the 10 mL of the sample, used as
the original sample for the electrolytic investigation.
1 mark
amount of copper ions:

0.0281 g
63.546 g mol-1

= 4.42 ∙ 10-4 mol

B.2.5 Calculate the concentration of copper ions in 1.00 L concentrated blood
serum based on your previous answers and calculations.
1 mark
0.0442 mol L-1

concentration of copper ions:

B.2.6 Fill out the table. The concentration of the S2O32- -solution was 0.100 M
Table: Titration results
Experiment No.

Volume of S2O32- -solution
used in titration (mL)

1

4.5

2

4.5

3

4.6

Average

4.53

3 marks

for each sensible measurement 1 mark

B.2.7 Give the average amount of S2O32- used up to the end point in moles.

2 marks

4.53 ∙ 10-4 mol

average amount of S2O32- :

correct calculation 2 marks
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B.2.3 What is the molar mass of CuSO4 ∙ 5H2O? Use the enclosed periodic table.
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B.2.8 Calculate the concentration of Cu2+ in the 10.0 mL blood serum sample solution?
1 mark
0.0453 mol L-1

concentration of Cu2+:

correct calculation 1 mark

B.2.9 Calculate the amount of substance of copper sulphate pentahydrate (in moles) present in 1.00 L concentrated blood serum of the victim?
1 mark
0.0453 mol

amount of substance:

correct calculation 1 mark

B.2.10 Calculate the mass (in grams) of copper sulphate pentahydrate that was given
to the victim? Assume that the poison is only found in the blood and not in the rest
of the body.
1 mark
mass of copper sulphate pentahydrate:
0.0453 mol ∙ 249.7 g mol-1 = 11.3 g
correct calculation 1 mark

B.2.11 Please, write down the results and compare how much copper sulphate
pentahydrate (in g) there is from the two measurements.
2 marks (one per result)
11.04 g

a. from the electrolytic analysis:

11.3 g

b. from the titration analysis:

B.2.12 Who is still a suspect based on your results of task B.2? Circle “Yes” or “No” for
each name.
4 marks (1 per correct choice)
Nils

Yes

No

Anders

Yes

No

Malin

Yes

No

Linda

Yes

No
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Na(s)

The oxidation state of Na is

0

NaCl(s)

The oxidation states of Na and Cl are

+1 and -1

MgO(s)

The oxidation states of Mg and O are

+2 and -2

Br2(l)

The oxidation state of Br is

0

Ag2SO4(s)

The oxidation state of Ag is

+1

Ag2SO4(s)

The oxidation state of S is

+6

B.2.14 A copper penny can be dissolved in nitric acid but not in hydrochloric acid.
Write a balanced reaction for dissolution of Cu(s) in nitric acid. Cu2+, NO(g), and
H2O are formed.
3 marks
3 Cu + 8 HNO3

3 Cu2+ + 6 NO3- + 2 NO + 4 H2O

Task B.3 – Forensic Biology

(26 marks)

B.3.1 Which species of plant did the particles originate from (Latin name)?

4 marks

Helianthus annuus

Plant species:

B.3.2 Which suspect(s) appear(s) likely to have written the anonymous letter?
4 marks (1 per correct choice)

Nils

Probable

Unlikely

Anders

Probable

Unlikely

Malin

Probable

Unlikely

Linda

Probable

Unlikely
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B.2.13 Oxidation states are important in chemistry and in general, since this basic knowledge is vital for the understanding of more complicated processes in electrochemistry. You will now be given a number of simple molecules and we want you to answer questions about the oxidation number (state) of a selected atom or a selected
ion according to the table below.
6 marks (1 per correct answer)

EUSO 2010

B.3.3 For which of the following animals can a cooling curve that you have constructed
be applied to determine the time of death. Circle the correct answer for each animal.
5 marks
Species

Class

Brown Rat
(Rattus norvegicus)
Common Starling
(Sturnus vulgaris)
Common Viper, Adder
(Vipera berus)
Common European Toad
(Bufo bufo)
European carp
(Cyprinus carpio)

Answer

Mammalia / mammals

Yes

No

Aves / birds

Yes

No

Reptilia / reptiles

Yes

No

Amphibia / amphibians

Yes

No

Actinopterygii / fishes

Yes

No

B.3.4 For which of the following animals can the cooling curve similar to the one you
constructed for Erik be applied to determine the time of death. Circle the correct
answer for each animal.
2 marks (1 per correct choice)
Animal
Brown bear
(Ursus arctos)
European hedgehog
(Erinaceus europaeus)

Answer
Yes

No

Yes

No

B.3.5 Suppose a tree grows and increases its weight by 100 kg. Where does the majority
of the 100 kg come from? Choose only ONE alternative.
1 mark
a.
b.
c.
d.

Earth / soil and water (H2O)
Water (H2O) and air
Water (H2O) and minerals
Earth / soil and minerals

Answer:

b.

B.3.6 Place the animal species in the tree diagram, in a way that is consistent with their
evolutionary relationship. Write the number associated with each animal in the
appropriate box instead of names.
4 marks (0.5 per correct assignment)

190

EUSO 2010

8

9

2

4

7

1

3

6

5

1 mark

B.3.7 Circle the correct answer.
a.

Answer:

1 mark

B.3.8 Circle the correct answer.
d.

Answer:

2 marks

B.3.9 Circle the two correct answers.
a. & c.

Answer:

2 marks

B.3.10 Circle the two correct answers.
a. & e.

Answer:

Task B.4 – Solving the case

(4 marks)

B.4.1 Combine the information you gathered in the previous tasks to deduce who killed
Erik Lundberg.
4 marks
Malin

The murderer is:
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9

th

European Union Science Olympiad
2011 in Pardubice, Czech Republic

Overview
The 9th European Union Science Olympiad was held in Pardubice and Hradec
Kralove, Czech Republic from 10th to 16th April 2011. The venues of the competition
were two universities in East Bohemia – University of Pardubice, where the opening
ceremony took place and contestants solved the tasks, and University of Hradec
Kralove, that hosted the closing ceremony and all international jury meetings,
including discussions, translations and moderations.
The director of the EUSO 2011 was Jiri Veverka and Vice director was Jana Sevcova
(National Institute of Children and Youth). The two Problems for the EUSO 2011
turned around beer and lenses. The Olympiad was the unique common enterprise of
three faculties from three different universities. The biology problems were created
by scientists from the Faculty of Science, Charles University in Prague, the chemistry
problems by scientists from Faculty of Chemical Technology, University of Pardubice
and the physics part by those of Faculty of Science, University of Hradec Kralove.
Twenty EU countries were represented by a total of 40 teams (120 Students) at the
EUSO 2011.
Those were: Austria (2 teams), Belgium (2 teams), Bulgaria (2 teams), Cyprus
(2 teams), Czech Republic (2 teams), Denmark (2 teams), Estonia (2 teams), Germany
(2 teams), Greece (2 teams), Hungary (2 teams), Ireland (2 teams), Lithuania
(2 teams), Luxembourg (2 teams), Netherlands (2 teams), Portugal (2 teams),
Romania (2 teams) Slovakia (2 teams), Slovenia (2 teams), Spain (2 teams), Sweden
(2 teams). Italy and Greece, the host for the EUSO 2014, sent Observers.
ö Local Team for the 9th EUSO 2011
Honor Chairman: Michal Urban (Ministry of Education, Youth and Sports, director of the Youth dept.)
Director: Jiri Veverka (National Institute of Children and Youth)
Vice directors: Jana Sevcova and Miroslava Fatkova (National Institute of Children and Youth)
Organization Head for University Pardubice: Karel Ventura
Organization Head for University Hradec Kralove: Jan Kriz, Filip Studnicka
Academic committee: Jan Cerny, Zdena Palkova, Frantisek Puta, Pavel Nemec, Karel Ventura,
Martin Adam, Petr Kalenda, Petra Bajerova, Petr Nemec, Jan Kriz, Ivo Volf, Jiri Dolejsi, Jan Slegr,
Pavel Kabrhel; Vanda Vilimova.
Laboratory assistants: Iveta Francekova, Miloslava Polednikova, Pavlina Strouhalova,
Hana Smidova, Miroslava Zdenkova.
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Medals and results 2011
(bronze medals in alphabetical order)

Rank

Team

Medal

Task A

Task B

Total

(119)

(120)

(239)

%

1

Hungary A

Gold

112.75

111.00

223.75

93.6

2

Estonia A

Gold

107.5

111.50

219.00

91.6

3

Hungary B

Gold

108.25

107.50

215.75

90.3

4

Germany A

Gold

97.00

106.00

203.00

84.9

5

Slovakia A

Gold

92.00

110.00

202.00

84.5

6

Bulgaria A

Gold

94.75

107.00

201.75

84.4

7

Czech Rep. A

Silver

89.75

109.50

199.25

83.4

8

Austria A

Silver

97.00

98.00

195.00

81.6

9

Estonia B

Silver

94.50

98.50

193.00

80.8

10

Germany B

Silver

88.00

104.00

192.00

80.3

11

Slovakia B

Silver

90.50

95.50

186.00

77.8

12

Netherlands B

Silver

86.75

96.50

183.25

76.7

13

Lithuania A

Silver

86.00

94.50

180.50

75.5

14

Romania A

Silver

71.00

108.00

179.00

74.9

15

Romania B

Silver

71.25

105.50

176.75

74.0

16

Slovenia A

Silver

81.25

92.50

173.75

72.7

17

Lithuania B

Silver

73.00

100.00

173.00

72.4

18

Czech Rep. B

Silver

75.75

96.50

172.25

72.1

19

Austria B

Silver

80.50

87.50

168.00

70.3

20

Ireland B

Silver

68.75

99.00

167.75

70.2

21

Belgium A

Silver

88.00

79.75

167.50

70.1

Bronze Medals
Cyprus A, Denmark A, Greece A, Ireland A, Luxembourg A, Netherlands A,
Portugal A, Spain A, Sweden A, Belgium B, Bulgaria B, Cyprus B, Denmark B, Greece B,
Luxembourg B, Portugal B, Slovenia B, Spain B, Sweden B
Range of bronze medals

13.5 – 79.5
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44.5 – 100.5

67.5 – 164.5

28.2 – 68.8
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Task A

All about beer
Introduction
Every nation has its own history. Each nation also has its traditional food and
drink. While the classical Czech dumplings and sauerkraut, pork, slowly begin
to retreat into the background, the dominating drink beer does not lose popularity at all. Czech beer is not only drink. It is also a source of national pride. In
Bohemia, you can criticize everything, except the Czech beer!
Beer is not a new invention. It was for
sure produced at least 10 000 years ago –
we can trace beginnings of its fame to the
ancient Egypt. It was not a beer in the
modern sense. One most famous beer
ingredient was missing these days – the
hops. It is not entirely clear where and
when the hops-supplemented beer first
emerged, but this type of production was
immediately used by the Slavic tribes.
In the dark middle-Ages beer was brewed
in Bohemia mainly in monasteries, or in
their vicinity. Breweries have already been
documented from the 10th century. We
have to stress however, that medieval beer
was not identical with the modern one.
The taste difference for experienced beer-drinkers, compared to the modern
beer disappeared in the 18th century.
The Czech beer is brewed today by 38 companies. The most beer is produced
by consortium Pilsner Urquell, just behind are companies Staropramen and
Budweiser. Czechs are not just good at brewing beer, but exceptionally successful in drinking it. In the beer drinking Czechs keep for the long time the first
place in the world. Consumers in the Czech Republic have a selection of 470
beer brands! So the Czechs are a nation of pub-culture. In the Czech pub most
of the social strata meets in equal and friendly terms. Czech Inn is the universal
meeting place, people date there and even trade partners sign important contracts during the informal pub appointments…
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(Adapted by Michael A. Cotter from the story “Small beer on the Bummel”
by Petra Kněžíková)
Once upon a time, a long time ago, in a far off country, Mr. & Mrs. Beerbellow
lived happily in a small box with their ten children. One day Smallbeer, the
youngest son said, “I don’t want to live in this crammed little small box anymore. I’m leaving now for the big city of Pardubice” He packed his six hops into
his bag and set off alone to seek his fortune.
Many weeks later he arrived at the kingdom of Euscoly2011. He was surprised
to find that all the King’s subjects were in mourning. Smallbeer asked a servant
girl he met in the street why everyone was so sad and gloomy. She told him that
Her Royal Highness, Princess Clear-Plum-Brandy, the only child of the King and
Queen, was in very great danger and no-one knew how to save her. The King
had offered his only daughter’s hand in marriage to the brave bottle who saved
the Princess from Seven-headed Charles Drunkard who lived in a cave outside
the town and had vowed to drink her. The King’s subjects gave Seven-headed
Charles Drunkard many different kinds of alcohol to save the princess, but Seven-headed Charles Drunkard simply drank them down and asked for more.
Smallbeer went to the hotel Hurkabice, which was full of bright young bottles
from many different countries all eager to save the Princess from being drunk
up. After dinner he went for a walk to the castle, where, to his surprise he saw
the Princess at a window. She was beautiful, pure, six times distilled and her
bottle glistened in the evening sunlight. They looked at each other and it was
love at first sight. Smallbeer decided that he had to save the Princess without
sacrificing himself.
He walked up to the castle door and asked the see the King. He said he had a
plan to save the Princess. The King was desperate and agreed to see him. He
told the King his plan.
“If you succeed you will be a Prince, marry my only daughter and be the heir
to my throne; But if you fail, I will toss you into the raging, fast flowing river
below and you will be swept over the waterfall, smashed into smithereens on
the rocks below, never to be seen again,” said the King.
Smallbeer was so much in love with the Princess that he was willing to risk
his life for her. That evening, after the pubs closed, as Seven-headed Charles
Drunkard was returning, very drunk, from the Hurkabice, Smallbeer called to
him at the other side of the river, “Hola, hola, Smallbeer calling, please drink
me, please drink me”
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Thirsty Seven-headed Charles Drunkard jumped into a river and tried to swim
to the other side. But the current was too strong and the water too high and he
was carried downstream and over the waterfall, never to be seen again. People
say, to this day, that the sound of the waterfall is the roar of Seven-headed
Charles Drunkard falling to his certain death on the rocks below.
With Seven-headed Charles Drunkard gone forever and the Princess safe once
more, the ungrateful King changed his mind. But the princess pleased with him to
let her marry Smallbeer. The King agreed if Smallbeer completed one final task. “You
are a stranger in my Kingdom” he said, “Nobody here knows anything about you.
But if you teach us how to make beer I will agree to your marriage to the Princess.”
Will you assist Smallbeer overcome his final obstacle and help Prince Smallbeer
and Princess Clear-Plum-Brandy get married and live happily ever after?
Material and equipment
For Task A.1
• 3 Erlenmeyer flasks
• 3 Plastic inflatable balloons
• 4.5 g Sugar cubes
• 3 x 8 g of baking yeast
• 96 % pure ethanol
• Tap water (slightly warm)
• Glass pipettes and automatic
pipettes
For Task A.2
• Glucose (in plastic vial)
• Volumetric flask 100 mL
• 2× Erlenmeyer flask 250 mL
• 2× Titration flask 250 mL
• 2× Pipette 10 mL
• Burette 25 mL
• 2× Funnel
• (Powder) funnel
• 2× Beaker 150 mL
• Graduated cylinder 10 mL
• Plastic wash bottle (with distilled
water)
• Fehling´s solution A (69.28 g
CuSO4·5H2O in 1 litre of water)
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• Fehling´s solution B (346.0 g
C4H4O6NaK·4H2O and 100 g NaOH
in 1 litre)
• Standard potassium dichromate solution (K2Cr2O7) - real concentration
declared by organisers
• 0.1 M Sodium thiosulfate
(Na2S2O3) solution
• Potassium iodide (KI) - solid
• 2 M Sulfuric acid H2SO4
• Starch indicator
For Task A.3
• 2 bottles of beer
• Distilled water (ask the lab assistant
for it)
• Scales (shared with one more team)
• Glass rod
• 3 beakers
• Small glass bottle
• Stopper with a tube through it
• 2 sugar cubes
• Baker yeast
• Balloon
• Swab
• Ruler with scale
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A.1.1 Yeasts
Yeasts are eukaryotic microorganisms classified in the kingdom Fungi, with the
1,500 species currently described estimated to be only small fraction of all yeast
species. Yeasts do not form a single taxonomic or phylogenetic grouping. The term
“yeast” is often taken as a synonym for Saccharomyces cerevisiae, but the phylogenetic
diversity of yeasts is shown by their placement in two separate phyla, the Ascomycota and the Basidiomycota. The yeast species Saccharomyces cerevisiae has been used
in baking and in fermenting alcoholic beverages for thousands of years. It is also
extremely important as a model organism in modern cell biology research, and is
one of the most thoroughly researched eukaryotic microorganisms. Other species
of yeast, such as Candida albicans, are opportunistic pathogens and can cause infections in humans.
Yeast belongs to the earliest domesticated organisms. Archaeologists digging in
Egyptian ruins found early grinding stones and baking chambers for yeasted bread,
as well as drawings of 4,000-year-old bakeries and breweries. In 1857, French
microbiologist Louis Pasteur proved in the paper “Mémoire sur la fermentation alcoolique” that alcoholic fermentation was conducted by living yeasts and not by a
chemical catalyst. Pasteur showed that by bubbling oxygen into the yeast broth, cell
growth could be increased, but fermentation was inhibited – an observation later
called the “Pasteur effect”.
Yeasts are chemoorganotrophs, as they use organic compounds as a source of energy and do not require sunlight to grow. Carbon is obtained mostly from hexose
sugars, such as glucose and fructose, or disaccharides such as sucrose and maltose.
Yeast species either require oxygen for aerobic cellular respiration (obligate aerobes), or are anaerobic, but also have aerobic methods of energy production (facultative anaerobes).
A.1.1.1 What is a prerequisite to become an important model organism? Decide for each
statement wether it is right or wrong by circling “Yes” or “No” on the answer sheet.
a) S. cerevisiae is small unicellular organism with a short generation time
(doubling time 1.25–2 hours at 30 °C) and can be easily cultured.
b) S. cerevisiae can be transformed allowing for either the addition of new
genes or deletion through homologous recombination.

201

All about beer

Task A.1 – Help Smallbeer study yeast and
fermentation

EUSO 2011

c) As a eukaryote, S. cerevisiae shares the complex internal cell structure of
plants and animals.
d) S. cerevisiae research is a strong economic driver, at least initially, as a
result of its established use in industry.

A.1.2 Ethanol fermentation
A.1.2.1 Ethanol fermentation, also referred to as alcoholic fermentation, is a biological
process in which sugars such as glucose, fructose, and sucrose are converted into
cellular energy and thereby produces ethanol and carbon dioxide as metabolic
waste products. Essential set of reactions involved in ethanol fermentation is glycolysis. Which from the following statements is true about glycolysis? Circle “Yes”
or “No” statement on the answer sheet.
a) One of the products is water.
b) Ten ADP molecules (per one glucose molecule) are converted to ten
ATP molecules.
c) Glycolysis is typical for eukaryotes.
d) Glycolysis takes place in mitochondria, where pyruvic acid as the end
product can directly enter the Krebs cycle.
A.1.2.2 What is responsible for rising of the bread dough? Circle “Yes” or “No” statement
on the answer sheet.
a) During fermentation process baker yeast produces heat, water gets evaporated and forms bubbles in the dough.
b) Baker yeast produce carbon dioxide as waste product, which forms bubbles in the dough.
c) Baker yeast produce ethanol and heat as waste product. Evaporated ethanol forms bubbles in the dough.
d) Bubbles inside the dough are empty spaces where yeast locally consumed
all the dough material, the dough expands because yeast divides many
times and form substantial part of the dough mass.
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a) Grain kernels that have been germinated are rich source of enzyme amylase which does the job.
b) Grain kernels are heated and high temperature treatment cleaves the
starch to fermentable sugars.
c) Enzyme amylase is produced in bacteria, isolated and are used for starch
treatment.
d) Grain kernels are pre-treated with starch splitting bacteria or yeast and
then inoculated with ethanol producing yeast strain.
The ability of yeast to convert sugar into ethanol has been harnessed by the biotechnology industry to produce ethanol fuel. The crop with highest energy content/m2 grown in Czech Republic and easily fermentable into ethanol is sugar-beet
(Beta vulgaris). Sugar-beet can be grown commercially in a wide variety of temperate
climates. During its first growing season, it produces a large (1–2 kg) storage root
whose mass is up to 20 % sucrose by weight. Sugar-beet yields up to 60 tonnes of
tubers in the local soil and climate conditions per hectare (10 000 m2). On the Åland
Islands, a rum-like spirit is made under the brand name Kobba Libre. In some European countries, especially in the Czech Republic and Germany, sugar beet is also
used to make rectified spirit and vodka – (cited from Wikipedia).
A.1.2.4 Write on the Answer sheet two chemical equations when sucrose is transformed into
an ethanol via glucose and fructose first (than to ethanol and CO2 ).
A.1.2.5 Write on the Answer sheet the summary chemical equation of sucrose transformation into an ethanol.
A.1.2.6 How much ethanol [kg] can theoretically be produced from 1.0 kg of sugar-beet
storage roots? Write your calculation on the answer sheet.
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A.1.2.3 Most alcoholic beverages are produced by ethanol fermentation by yeast. Wine
and brandy are produced by fermentation of the natural sugars present in fruits,
especially grapes. Rum is produced by fermentation of cane sugar. Beer and whiskey are produced by fermentation of starches. Yeast is not able to ferment starch
directly. Starch needs to be cleaved to simple fermentable sugars. Which technology is used for transformation of starch to simple sugars in brewery? For each of
the following statements circle “Yes” or “No” on the answer sheet.
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A.1.2.7 Why is not possible to reach the theoretical maximal sucrose transformation
efficiency using fermenting microorganisms? Circle the correct answers on the
answer sheet.
a) Some carbon is released in a form of CO2.
b) Some sucrose will stay in the solution unfermented, because ethanol will
block fermentation process.
c) Some carbon will end up in the macromolecules allowing the microorganism to grow and divide.
d) Reactants are never 100 % transformed into products.
A.1.2.8 A litre of ethanol contains circa 21.5 MJ of energy (one litre of ethanol solution
in reality contains 96 % of ethanol, density of 96 % ethanol solution is 800 g / L).
What percentage of the total land (area of CR is approx. 78 866 km2 – CR is 116th
largest country in the world) should be used as sugar-beet field, if Czech Republic,
with energy consumption of 496 TWh (1Wh = 3600J) per year, will decide to
cover all the energy from the sugar-beet sucrose via ethanol production. Please,
do not include into your calculation extra energy you have to spend for sugar-beet
production. Write your calculations on the answer sheet.
A.1.2.9 What percentage of total land (area of CR is approx. 78 866 km2) should be used
as sugar-beet field, if Czech Republic decides to fuel all the cars with ethanol
produced from sugar-beet sucrose? Czech Republic imports each year about 6
million tons of crude oil and needs 5.0 million tons of diesel and petroleum diesel
for the car and train traffic. A litre of petrol/diesel contains in average circa 32
MJ of energy, it´s average density is 0,785 kg/L. Please, do not include into your
calculation extra energy you have to spend for sugar-beet production. Write your
calculations on the Answer sheet.
A.1.2.10 How many kilograms of matter and antimatter together you have to annihilate
to obtain energy equivalent of energy annually spent in the Czech Republic?
Write your calculations on the answer sheet.
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Construction of strains with enhanced ethanol tolerance by mutagenesis of the
TATA-binding protein gene and identification of novel genes associated with
ethanol tolerance.
Jungwoo Yang et al. Biotechnol. Bioeng. Article first published online: 3 APR 2011
Since elevated ethanol is a major stress during ethanol fermentation, yeast
strains tolerant to ethanol are highly desirable for the industrial scale ethanol
production. Comparing global transcriptional profiles of two selected strains
ETS2 and ETS3 with that of the control identified 42 genes that were commonly regulated with twofold change. Out of 34 deletion mutants available
from a gene knockout library, 18 were ethanol sensitive, suggesting that these
genes were closely associated with ethanol tolerance. Eight of them were novel
with most being functionally unknown. To establish a basis for future industrial
applications, strains iETS2 and iETS2 were created by integrating the SPT15
mutant alleles of ETS2 and ETS3 into the chromosomes, which also exhibited
enhanced ethanol tolerance and survival upon ethanol shock on a rich medium.
Fermentation with 20% glucose for 24 h in a bioreactor revealed that iETS2
and iETS2 grew better and produced approximately 25% more ethanol than a
control strain.
From the above abstract is obvious, that search for yeast strains tolerant to high
concentrations of ethanol is an important task. Your job will be the characterization
of the ethanol tolerance (ability to grow in media containing ethanol) of common
baker´s yeast.
Prepare growth media for the yeast culture
• prepare 3 different growth media (100 mL) with ﬁnal concentration of sucrose
4.5 % in 3 Erlenmeyer ﬂasks provided
A. containing 0% ethanol
B. containing 10% ethanol
C. containing 20% ethanol
• inoculate with the yeasts provided (each Erlenmeyer ﬂasks with 8 g mass)
Design and perform the experiment indicating efficiency of yeast catabolic metabolism in an environment containing ethanol. Solve the following tasks on the answer
sheet.
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A.1.3.1 Observe and draw the results in the appropriate box. Mark the 0 concentration
of ethanol A, 10% concentration of ethanol B and 20 % concentration of ethanol
C. Don´t hurry with the decision, wait at least 60 min. Write down how long did
you let the yeast ferment (in minutes).
A.1.3.2 Try to quantify the catabolic activity (as a measure of CO2 production in different
solutions according to task A.3.2). Catabolic activity in flask A count as a 100%.
A.1.3.3 Which metabolites of sucrose catabolism will be generated in three different
growth conditions A–C (use chemical formulae)?
A.1.3.4 Which type/types of metabolism (if any) do you expect at the end of your experiment in three different growth conditions A–C? Use abbreviations AE for aerobic
and AN for anaerobic.
A.1.3.5 Which factor(s) is/are the major limitation(s) for the active metabolism of yeast
in growth conditions A and C? Use abbreviation O for O2, S for sucrose, C for CO2,
E for ethanol, T for temperature and N for no limitation.

A.1.4 Yeast domestication
The natural environment rarely provides microorganisms with conditions that enable their growth and reproduction at a maximal rate; microorganisms in nature
need to be able to cope with, for example, nutrient starvation, temperature changes,
and lack of moisture and should be able to survive for extended periods without
reproducing. One of the ways how to survive adverse conditions is the formation
of colonies in which the cells cooperate. It is not surprising that wild-type yeast
strains form different colonies from the domesticated ones, which were selected
for special purposes under the optimal growth conditions minimizing the need for
cooperation.
Your task will be to identify wild-type and domesticated strain colonies, compare
their morphology and adaptations.
A.1.4.1 You are provided with a Petri dish in which the colonies were grown on a rich
medium. The colonies have different morphologies. Identify the wild-type and
domesticated strains and draw on the answer sheet typical examples of selected
morphologies. Use the lowest magnification of the microscope and/or magnifying
glass.
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A.1.4.3 Characterization of the wild-type and domesticated colonies using Coomassie
Brilliant Blue R dye:
• At the bottom surface of the Petri dish encircle location of several wild
type and domesticated colonies (at least 5 from each – mark with different
colours).
• Wash away the yeast colonies with tap water.
• Remove the remnants of the colonies with the provided cotton-stick
(cotton-bud) as much as possible, (without damaging the agar surface).
• Stain the agar with the Coomassie Brilliant Blue R staining solution for
circa 10 minutes (add with Pasteur pipette, ca 5mL per Petri dish).
• Wash out the staining solution with tap water, pour the water out from
the Petri dish.
• Observe patterns of blue signals. Identify the patterns corresponding to
the wild colonies and domesticated ones and draw typical examples on
the answer sheet. Use the lowest magnification of the microscope and / or
magnifying glass.
A.1.4.4 Which statement/statements about domesticated vs. wild-type yeast cells and
corresponding colonies is/are true? Circle correct statements on the answer sheet
a) Domesticated colonies are more complex, because selection pressure in
energy rich conditions drives cooperative behaviour between individual
cells.
b) In wild-type colonies, grown from the yeast isolated from the real environment, cells differentiate into specialized subsets, optimized for particular duties. Colony is therefore more complex and structured.
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A.1.4.2 Take a tiny amount of yeast cells from a colony (using the pipette tip), resuspend
the cells in a small droplet of water (10 microliters) and observe the cells under
microscope. Compare observed cell morphologies, draw a representative illustration on the answer sheet – with asterisk mark the major differences among the
strains.
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c) Under optimal conditions organisms tend to lose some traits, in our situation – ability to form complex structured colony, which is of no use in
the liquid substrate or baker’s dough.
d) Domesticated colonies are smooth and lack structural complexity and are
formed from cells without ability to differentiate into specialized subsets.

Task A.2 – Help Smallbeer study residual sugars
Yeast alcohol tolerance is a prerequisite for quantitative sugar transformation into
ethanol. In reality in each beer or wine preparation remains residual sugar, which
is important for particular taste characteristics. Residual sugar is usually measured
in grams of sugar per litre of wine, often abbreviated to g/l or g/L. Even among the
driest wines, it is rare to find wines with a level of less than 1 g/L, due to the unfermentability of certain types of sugars. By contrast, any wine with over 45 g/L would
be considered sweet, though many of the great sweet wines have levels much higher than this. For example, the great vintages of Château d’Yquem contain between
100 and 150 g/L of residual sugar. The sweetest form of the Tokaji, the Eszencia contains over 450 g/L, with exceptional vintages registering 900 g/L. How sweet a
wine will taste is also controlled by factors such as the acidity and alcohol levels, the
amount of tannin present, and whether the wine is sparkling or not.
There is a special need to produce low sugar beer – especially for diabetics who
can´t properly control entry of glucose into cells. It is obvious that any residual
unfermented amount of glucose in beer would constitute an increased risk for diabetics. Diätbier is a German specialty beer brewed for diabetics; it uses an unusually
complete conversion and fermentation to create a beer with the same alcohol content as an ordinary beer, but almost no residual sugars or carbohydrates. The result
is something similar in flavour to Dry Beer.
Measurement of residual sugar in particular steps of beer and wine fermentation is
therefore an important job for brewers or wine makers. You will perform their duty
using one of the most precise techniques.
Iodometric determination of reducing sugars
Reducing sugars are determined by reaction of a water soluble portion of the sample
with an excess of standard cupric sulfate (CuSO4) in alkaline tartrate (Fehling’s) solution under controlled conditions of time, temperature, reagent concentration and
composition, so that the amount of copper reduced is proportional to the amount
of reducing sugars in the sample analysed. In this adaptation of Schoorl’s method
the reducing sugar concentration expressed as glucose, is estimated by iodometric
determination of the unreduced copper remaining after reaction.
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2 Cu2+ + 4 I- → 2 CuI + I2
The iodine formed from iodide is determined by titration with standard thiosulfate,
starch being used as indicator. The difference between the blank and the titration
of a determination represents reduced copper, and the corresponding amount of
sugar (glucose) is learned by inspection of the supplementary Table 1 because of the
non-stechiometric reaction ratio between glucose and cupric salt.
This method was designed specifically for water soluble dextrins and maltodextrins and is applicable to other carbohydrates, such as low DE (dextrin equivalent)
glucose syrups and solids. Dextrins are modified starches prepared from starch by
heat treatment in the dry state with or without the addition of small quantities of
reagents. The method is not recommended for samples above 30 DE, since it tends
to give higher results as the relationship of reduced copper with respect to reducing
sugars becomes less linear at the higher DE’s.

A.2.1 Standardisation of 0.1 M Na2S2O3 solution
• Add an appropriate volume of distilled water (approx. 50 mL) into a 250 mL titration flask containing 5 mL standard potassium dichromate (K2Cr2O7) solution
– added by organisers.
• Add 5 mL of 2 M H2SO4 by the graduated cylinder.
• Add approx. 1 g of solid KI and swirl the contents thoroughly.
• Titrate with standardized 0.1 M sodium thiosulfate (Na2S2O3) to a light yellow
colour.
• Add 5 mL of starch indicator from a graduated cylinder and continue the titration
to the disappearance of the blue indicator colour (note: at the end of titration the
solution is light blue-green colour according to the Cr3+ ions presence).
• On the answer sheet, record the volume of standardized 0.1 M sodium thiosulfate
used in the start position, end position and the difference.
• Perform the analysis at least twice (three times if necessary).
• Calculate the concentration of Na2S2O3 solution. Write your calculations and result
on the answer sheet.
• Standardisation is characterised by following reactions:
Cr2O72- + 6 I- + 14 H+ → 2 Cr3+ + 3 I2 + 7 H2O
I2 + 2 S2O32- → 2 I- + S4O62-
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In this case the residual cupric salt is completely converted into cuprous iodide,
with the liberation of an equivalent amount of iodine:
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A.2.2 Analysis of glucose sample
• Transfer sample in plastic vial quantitatively into volumetric flask (100 mL) and fill
this flask up to the mark with distilled water.
• Pipette 10.0 ml of Fehling´s A solution and then 10.0 ml of Fehling´s B solution
into 250 mL Erlenmeyer flask.
• Add 10.0 mL of sample (glucose solution) and 20 mL of distilled water to bring
total volume to 50 mL of reaction mixture.
• Mix contents of flask by gentle swirling.
• Add 2 small glass beads to prevent bumping while boiling and cover the mouth
of the flask with a small glass funnel.
• Please preheat the heater.
• Place the flask (make sure it is dry outside!) on a hot plate adjusted to bring the
solution to a boil in approx. (not more than) 3 minutes.
• Continue boiling for exactly 2 minutes (total heating time of 5 minutes).
• Cool quickly to room temperature in a cold water bath.
• Add approx. 2 g of solid KI and swirl the contents thoroughly.
• Add 15 mL of 2 M H2SO4 by the graduated cylinder (solution must get brown
according to the iodine creation; otherwise the next portion of acid is required).
• Titrate immediately with standardized 0.1 M sodium thiosulfate (Na2S2O3) to a
light yellow colour.
• Add 5 mL of starch indicator from a graduated cylinder and continue the titration
to the disappearance of the blue colour.
• Record on the answer sheet the volume of standardized 0.1 M sodium thiosulfate
used in the start position, end position and the difference.
• Perform the analysis at least twice (three times if necessary).
• For the blank sample analysis use 10 mL of distilled water instead of 10 mL of
sample.
• Determine the difference between the blank and the mean titration value. Recalculate this volume in terms of precisely 0.1 M Na2S2O3 and determine the equivalent glucose mass from Table 1. You can assume that there is a linear relationship
between any two consecutive points in Table 1. Result should be expressed in
milligrams (mg) of glucose in a glucose solution.
• Write your calculations and result on the answer sheet!
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0.1 M
Na2S2O3
volume (mL)

Glucose
amount
(mg)

0.1 M
Na2S2O3
volume (mL)

Glucose
amount
(mg)

0.1 M
Na2S2O3
volume (mL)

Glucose
amount
(mg)

1.0

3.2

9.0

28.9

17.0

56.3

2.0

6.3

10.0

32.3

18.0

59.8

3.0

9.4

11.0

35.7

19.0

63.3

4.0

12.6

12.0

39.0

20.0

66.9

5.0

15.9

13.0

42.4

21.0

70.7

6.0

19.2

14.0

45.8

22.0

74.5

7.0

22.4

15.0

49.3

23.0

78.5

8.0

25.6

16.0

52.8

24.0

82.6

A.2.3 Supplementary questions
A.2.3.1 Write equations describing the reaction of iodine with the following compounds:
a) HCHO (formaldehyde) +OHb) CH3COCH3 (acetone) +OHc)

HO
HO

O
H
HO

O
OH

(L-ascorbic acid)
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Table 1: Dependency of the glucose amount (mg) on the 0.1 M Na2S2O3 (mL)
volume equivalent to the reduced copper
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A.2.3.2 What is characteristic for the structure of glucose molecule? Which physicochemical property results from the structure of glucose molecule and how is the instrumental method for the determination of such substances called? Circle one of the following
answers in each column on the answer sheet.
Characteristic
of the Structure

Physicochemical
property

Instrumental
method

Conjugated system
of bonds

absorption
of UV light

UV
spectrometry

Asymmetric
(chiral) carbon

optical rotation

polarimetry

charged center

electroconductivity

voltametry

Ester groups

volatility

gas chromatography

Task A.3 – Help Smallbeer to study beer itself
In Bohemia, the Czech beer has been traditionally marked by its “degree”,
for example 10° beer or 12° beer. The degree determined the concentration of
fermentable sugar before fermentation. The beer alcohol content then depends on
the amount of fermentable sugars transformed to the alcohol. Nowadays, the beer
degree is given by mass fraction of fermentable sugars in hopped wort.
The first intermediate product in the process of beer brewing is called malt wort. It is
a sweet solution of sugars and other substances without hops. The malt wort is then
boiled together with hops. The product is called hopped wort. By adding yeast, the
sugar is transformed to alcohol and carbon dioxide. The alcohol content depends on
the density of hopped wort and on the final density of beer. The volume fraction of
the alcohol is approximately given by the formula
Alcohol volume fraction (%) = ( ρhw - ρ)/k
where ρhw is the density of hopped wort (in kg/m3), ρ is the ﬁnal density of the beer
(in kg/m3) and k is a constant with a value of 7.45 kg/m3.
The beer degree can consequently be determined by multiplying the alcohol volume
fraction by a constant 2.5:
Beer degree = 2.5 · Alcohol volume fraction (%).
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The density can be determined by a pycnometer, see
Fig. 1. A pycnometer is usually made of a glass bottle
with a close-fitting stopper with a capillary tube through
it. The bottle can be filled with high precision by the
same volume of different liquids.

Figure 1: Pycnometer
(Source: Wikimedia
Commons)

If we know the density of some comparison liquid, we
can determine the volume of pycnometer by weighing
the empty pycnometer and the pycnometer filled by
comparison liquid. Weighing then the pycnometer filled
with the liquid of unknown density, we can calculate its
density.

A.3.1 Measure density and determine degree of beer
Procedure
1. Pour the samples of both beers into the beakers and swirl them by the glass rod
so that air bubbles escape from the beer. Allow both beer samples to stand for
several minutes at lab temperature with occasional swirling. Pour the distilled
water to the third beaker and allow it also to stand to reach the lab temperature.
2. Meanwhile, weigh the empty dry pycnometer (glass bottle) together with the
stopper five times. Record your measurements on the answer sheet (second
column in the table A.3.1.1) and calculate the mean.
3. Fill the pycnometer with distilled water to the rim. Insert the stopper. Some
amount of water will flow out through the tube. Dry the pycnometer carefully
and weigh it. Perform the measurement five times. Do not empty the pycnometer in between the particular measurements. It is enough to add the distilled
water to the rim and insert the stopper again. Record your measurements on the
answer sheet (third column in the table A.3.1.1) and calculate the mean.
4. Empty and rinse the pycnometer. Fill it with the sample of the light beer. Insert the stopper, dry carefully the pycnometer. Make sure that there are no air
bubbles under the stopper and weigh it. Perform the measurement five times.
Again, do not empty the pycnometer in between measurements. It is enough
just to add a beer sample so as the pycnometer is full to the rim and insert
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Due to the different concentration of residual fermentable
sugar the beers of the different degree have also different
density. The higher the degree, the higher is the ﬁnal
beer density.
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the stopper again. Record your measurements on the
answer sheet (fourth column in the table A.3.1.1)
and calculate the mean.
5. Empty and rinse the pycnometer. Perform the same
procedure as for the light beer for the sample of dark
beer. Again, make sure that there are no air bubbles
under the stopper. Record your measurements on
the answer sheet (fifth column in the table A.3.1.1)
and calculate the mean.
We strongly recommend to start task A.3.2 now. You
will return back to analyse your data during the mea- Figure 2: Pycnometer
surement in the task A.3.2!
with a dark beer sample
on the scales
6. Calculate the mass of distilled water in the pycnometer (denote it by mw ), the mass of the light beer sample in the pycnometer (m1 )
and the mass of the dark beer sample in the pycnometer (m2 ). Write the masses
on the answer sheet (A.3.1.2)
7. Copy the lab temperature from the white-board to the answer sheet. Use Graph 1
below to determine the density of distilled water. Calculate the volume of the distilled water in the pycnometer. Write your results on the answer sheet (A.3.1.3)
8. Write on the answer sheet (A.3.1.4) the formula for the density of the beer sample in terms of the mass of the sample and the volume Vw. Calculate the density
of the light beer sample ( ρ1) and the dark beer sample ( ρ2). Write your results on
the answer sheet.
1002
1000
998

ρ / kg m-3

9.Calculate the volume fraction of the alcohol and the
degree of the light beer
sample and the degree
of the dark beer sample.
The density of hopped
wort for the light beer
is ρ1hw = 1040 kg/m3 and
for the dark beer sample
ρ2hw = 1080 kg/m3. Write
your results on the answer sheet (A.3.1.5).

996
994
992
990
988
986

0

10

20

T / °C

30

40

50

Graph 1: The dependence of the density of distilled
water on temperature
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A.3.1.6 For simplicity, consider a hydrometer made of the test tube (of constant cross
sections) with the weight inside of a length of 20 cm. Such a test tube is immersed
in the distilled water to one half of its length. Calculate the length of immersion
of the tube in both of your beer samples. Write your calculations and results on
the answer sheet.

Figure 3: Hydrometer (Source: Wikimedia Commons)

A.3.2 Quantitative estimation of CO2 production by yeast
As you have seen in the part A.1.3, when yeast consumes and metabolizes sugar, it
produces ethanol and carbon dioxide. By measuring the volume and the pressure of
produced CO2 we can determine its amount of substance (compare with task A.1.3)
by means of ideal gas law
pV=nRT
where p denotes the pressure of the gas, V stands for the volume of the gas, n
is the amount of substance, R denotes the molar gas constant (R = 8.314 J
mol -1 K -1) and T is thermodynamic temperature (that can be easily determined from
the Celsius temperature).
If we suppose that the shape of the inflatable balloon is an ideal ball then for inflated balloon holds approximately true the following equation
p = pa + C ,
r
where pa denotes the atmospheric pressure, r is a radius of the balloon and C is a
constant describing the material properties and wall thickness of the balloon
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Another way how to measure the density of liquids is to use a hydrometer, see Fig. 3.
A hydrometer is usually made of glass and consists of a cylindrical stem and a bulb
weighted with mercury or lead shot to make it float upright. The liquid to be tested
is poured into a tall container, often a graduated cylinder, and the hydrometer is
gently lowered into the liquid until it floats freely. The point at which the surface of
the liquid touches the stem of the hydrometer is noted. Operation of the hydrometer is based on Archimedes’ principle.
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Procedure
1. Weigh both sugar cubes together. Record your result on the answer sheet
(A.3.2.1).
2. Calculate the lab thermodynamic temperature. Record your result on the answer
sheet (A.3.2.2).
3. Fill the pycnometer up to the rim by the tap water of the lab temperature. Pour the water from the
pycnometer to the beaker. Add baker yeast to the
beaker and dissolve also all sugar cubes. Mash the
yeast by glass rod and properly swirl the content of
the beaker.
4. Pour the obtained solution to the rinsed pycnometer up to the rim. Finally set carefully the empty balloon to the pycnometer neck, see Fig 4. Do
not stretch the balloon unnecessarily much, it may
change its elastic properties near the neck and spoil
its shape. If you break the balloon, ask the lab assistant for additional.
5. Observe carefully the inflation of the balloon. After Figure 4: Inflatable balloon
40 minutes, record every 10 minutes the diameter on the pycnometer neck
d of the balloon on the answer sheet (second row
in the table A.3.2.3) up to 120 minutes. To measure
the diameter use the ruler and both set squares.
6. Derive a formula for the carbon dioxide amount of substance by terms of the
balloon diameter, lab thermodynamic temperature and constants. Write your calculations on the answer sheet (A.3.2.4).
7. For each value of the diameter calculate consequently the volume of the gas inside balloon (V), the pressure of the gas (p) and the amount of substance of the
gas. Write your results on the answer sheet (A.3.2.3). Suppose that the shape of
the balloon is an ideal ball, neglect the volume of the balloon stem. The current
atmospheric pressure is written on the white-board. The value of the constant
C = 240 Pa m. Neglect also the original amount of substance of the air in the
balloon.
8. Draw graphs of the dependence of the gas pressure on time (denote the graph
by Graph A.3.2.5) and the produced amount of substance on time (denote the
graph by Graph A.3.2.6)
A.3.2.7 What is the maximal possible amount of substance of carbon dioxide, if you
suppose that all sucrose was converted to alcohol and carbon dioxide? Use the
results of the task A.1.2. The molar mass of sucrose is 342.2 g/mol. Write your
calculations on the answer sheet.
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Task A

All about beer – Answer sheet
Task A.1 – Yeast and fermentation

(39 marks)

A.1.1 Yeasts
A.1.1.1 What is a prerequisite for S. cerevisiae to become an important model organism?
Circle “Yes” or “No” for each statement.
1 mark
a) S. cerevisiae is small unicellular organism with a short generation time
(doubling time 1.25–2 hours at 30 °C) and can be easily cultured.
[YES]
[NO]
b) S. cerevisiae can be transformed allowing for either the addition of new
genes or deletion through homologous recombination.
[YES]
[NO]
c) As a eukaryote, S. cerevisiae shares the complex internal cell structure of
plants and animals.
[YES]
[NO]
d) S. cerevisiae research is a strong economic driver, at least initially, as a
result of its established use in industry.
[YES]
[NO]

A.1.2 Ethanol fermentation
A.1.2.1 Which from the following statements is true about glycolysis? Circle “Yes” or “No”
for each statement.
1 mark
a) One of the products is water.
[YES]
[NO]
b) Ten ADP molecules (per one glucose molecule) are converted to ten ATP
molecules.
[YES]
[NO]
c) Glycolysis is typical for eukaryotes.
[YES]
[NO]
d) Glycolysis takes place in mitochondria, where pyruvic acid as the end
product can directly enter the Krebs cycle.
[YES]
[NO]
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A.1.2.2 What is responsible for rising of the bread dough? Circle “Yes” or “No” for each
statement.
1 mark
a) During fermentation process baker yeast produces heat, water gets evaporated and forms bubbles in the dough.
[YES]
[NO]
b) Baker yeast produce carbon dioxide as waste product, which forms bubbles in the dough.
[YES]
[NO]
c) Baker yeast produce ethanol and heat as waste product. Evaporated ethanol forms bubbles in the dough.
[YES]
[NO]
d) Bubbles inside the dough are empty spaces where yeast locally consumed
all the dough material, the dough expands because yeast divides many
times and form substantial part of the dough mass.
[YES]
[NO]

A.1.2.3 Which technology is used for transformation of starch to simple sugars in brewery? Circle “Yes” or “No” for each statement.
1 mark
a) Grain kernels that have been germinated are rich source of enzyme amylase which does the job.
[YES]
[NO]
b) Grain kernels are heated and high temperature treatment cleaves the
starch to fermentable sugars.
[YES]
[NO]
c) Enzyme amylase is produced in bacteria, isolated and are used for starch
treatment.
[YES]
[NO]
d) Grain kernels are pre-treated with starch splitting bacteria or yeast and
then inoculated with ethanol producing yeast strain.
[YES]
[NO]

A.1.2.4 Write two chemical equations when sucrose is transformed into an ethanol via
glucose and fructose first (than to ethanol and CO2 ).
2 marks
(1 per reaction)
C12H22O11 +H2O → 2 C6H12O6
C6H12O6 → 2C2H5OH + 2CO2
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A.1.2.6 How much ethanol (in kilograms) can theoretically be produced from 1.0 kg of
sugar-beet storage roots? Write your calculation.
2 marks
184 / 342 = 0.54 kg of ethanol from 1 kg of sucrose, x 0,20
(20% sucrose content) = 0.11 kg
correct calculation 1 mark
correct result 1 mark

A.1.2.7 Why is it not possible to reach the theoretical maximal sucrose transformation
efficiency using fermenting microorganisms? Circle “Yes” or “No” for each statement.
1 mark
a) Some carbon is released in a form of CO2
[YES]
[NO]
b) Some sucrose will stay in the solution unfermented, because ethanol will
block fermentation process.
[YES]
[NO]
c) Some carbon will end up in the macromolecules allowing the microorganism to grow and divide.
[YES]
[NO]
d) Reactants are never 100 % transformed into products.
[YES]
[NO]

A.1.2.8 What percentage of the total land should be used as sugar-beet field, if Czech Republic, with energy consumption of 496 TWh per year, will decide to cover all the
energy from the sugar-beet sucrose via ethanol production? Please, do not include
into your calculation extra energy you have to spend for sugar-beet production.
Write your calculations.
5 marks
Energy content of 1.0 kg of ethanol
Eeth
21.5 MJ
=
= 28.0 MJ kg -1
1.0 kg
(0.96 L · 0.800 kg L-1)
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A.1.2.5 Write the summary chemical equation of sucrose transformation into an ethanol.
1 mark
C12H22O11 + H2O → 4C2H5OH + 4CO2
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Energy yield per m2 soil from ethanol
6.0 kg
E
=
= 18.1 MJ m-2
1 m2 · 0.20 · 0.54 · 28.0 MJ kg -1
1.0 m2
Area necessary to cover yearly energy demand of Czech Republic
A=

496 TWh
=
18.1 MJ m-2

496 · 1012
18.1 · 106

m2

= 9.7 · 1010 m2 = 125 % ACZ
The necessary area thus exceeds the area of the Czech Republic by
25%.
relevant equations included 2 marks
all necessary data used for solving question 2 marks
correct result (unit included) 1 mark

A.1.2.9 What percentage of total land should be used as sugar-beet field, if Czech Republic
decide to fuel all the cars with ethanol produced from sugar-beet sucrose? Please,
do not include into your calculation extra energy you have to spend for sugar-beet
production. Write your calculations.
2 marks
Yearly energy demand from diesel/petrol of Czech Republic
Epetrol =

5.0 · 109 kg · 32 MJ L-1
= 2.0 · 1011 MJ
0.785 kg L-1

Energy yield per m2 soil from ethanol (from above)
6.0 kg
E
=
= 18.1 MJ m-2
1 m2 · 0.20 · 0.54 · 28.0 MJ kg -1
1.0 m2
Area necessary to cover yearly energy demand cars of Czech Republic
A=

2.0 · 1011 MJ
18.1 MJ m-2

= 1.1 · 1010 m2 = 14 % ACZ

The necessary area thus corresponds to about 14 % of the area of the
Czech Republic
relevant equations included and necessary data used 1 mark
correct result (unit included) 1 mark
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From the energy-mass relation we obtain for the mass
m=

E
, with c = 3.0 · 108 m s-1
c2

This results in
m=

496 TWh
= 20 kg
(3.0 · 108 m s-1)2
energy-mass relation included 1 mark
correct result (unit included) 1 mark

A.1.3 Ethanol tolerance
A.1.3.1 Observe and draw the results in the appropriate box. Mark the 0 concentration
of ethanol A, 10% concentration of ethanol B and 20 % concentration of ethanol
C. Don´t hurry with the decision, wait at least 60 min. Write down how long did
you let the yeast ferment (in minutes).
3 marks

A.1.3.2 Try to quantify the catabolic activity (as a measure of CO2 production in different solutions according the TASK A.3.2). Catabolic activity in flask A count as a
100 %.
1.5 marks

results provided reflect the real result 1 mark
It is obvious how students got their results 0.5 marks
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A.1.2.9 How many kilograms of matter and antimatter together you have to annihilate to
obtain energy equivalent of energy annually spent in the Czech Republic? Write
your calculations.
2 marks

EUSO 2011

A.1.3.3 Which metabolites of sucrose catabolism will be generated in three different
growth conditions A-C (use chemical formulae)?
1.5 marks
A. CO2, ethanol, H2O, fructose/glucose

0.5 marks

B. CO2, ethanol, H2O, fructose/glucose

0.5 marks

C. no metabolites mentioned when 0 CO2 production,
when inflation of the balloon in C was observed – to avoid
continuation error – the same answer as for A and B was
0.5 marks
recognized

A.1.3.4 Which type / types of metabolism (if any) you expect at the end of your experiment in three different growth conditions A–C? Use abbreviations AE for aerobic
and AN for anaerobic.
1.5 marks
A. AN

0.5 marks

B. AN (AE when students observed very small production
of CO2 reflecting extremely slowed down metabolism
– there can´t be distinguished, whether cells consumed
all O2 in the flask)

0.5 marks

C. no aswer or AN or AE in a case, that students observed
very small production of CO2 reflecting extremely slowed
down metabolism – there can´t be distinguished, whether
cells consumed all O2 in the flask)
0.5 marks
Answer graded according to experimental results

A.1.3.5 What factor(s) is/are the major limitation(s) for the active metabolism of yeast in
growth conditions A and C? Use abbreviation O for O2 , S for sucrose, C for CO2 ,
E for ethanol, T for temperature and N for no limitation.
1.5 marks
A. if N or S is mentioned
C. E
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A.1.4.1 Identify the wild-type and domesticated strains and draw typical examples of
selected morphologies. Use the lowest magnification of the microscope and /or
magnifying glass.
3 marks
wild-type
complex structured colony
size difference is relevant to the
real situation, domesticated colonies
are 2-5x smaller

domesticated
1 mark

simple smooth colony
1 mark

1 mark

A.1.4.2 Compare observed cell morphologies, draw a representative illustration – with
asterisk mark the major differences among the strains.
3 marks
wild-type

domesticated

morphologically distinct cells forming
interconnected clumps / linear arrays 1 mark
there is asterisk / asterisks indicating
the difference

uniform cells
of a typical yeast
morphology

1 mark

1 mark

A.1.4.3 Identify the patterns corresponding to the wild colonies and domesticated ones
and draw typical examples.
4 marks
wild-type

domesticated

even after very efficient washing out the
wt colonies, substantial amount of the
colonies tightly sticks to the agar forming
linear patterns penetrating into the growth
medium and/or circular patterns reflecting
2 marks
colony internal differentiation

colonies were totally washed
out and only traces (if any)
without any obvious pattern
could be visualized
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A.1.4.4 Which statement/statements about domesticated vs. wild-type yeast cells and
corresponding colonies is/are true? Circle “Yes” or “No” for each statement.
1 mark
(0.25 per correct answer)
a) Domesticated colonies are more complex, because selection pressure in
energy rich conditions drives cooperative behaviour between individual
cells.
[YES]
[NO]
b) In wild-type colonies, grown from the yeast isolated from the real environment, cells differentiate into specialized subsets, optimized for particular duties. Colony is therefore more complex and structured.
[YES]
[NO]
c) Under optimal conditions organisms tend to lose some traits, in our situation – ability to form complex structured colony, which is of no use in
the liquid substrate or baker’s dough.
[YES]
[NO]
d) Domesticated colonies are smooth and lack structural complexity and are
formed from cells without ability to differentiate into specialized subsets.
[YES]
[NO]

Task A.2 – Iodometric determination of reducing
sugars
(40 marks)
A.2.1 Standardisation of 0.1 M Na2S2O3 solution
A.2.1.1 Record the volume of standardized 0.1 M sodium thiosulfate used.
titration number
Na2S2O3
consumption
(mL)

1.

2.

3.

mean:

start point
end point
15.0 mL

difference

Expected Na2S2O3 consumption: 15.0 mL
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Evaluation of results:
Na2S2O3 consumption relative difference:
0 – 5 % 5 marks
5.1 – 10 % 4 marks
10.1 – 15 % 3 marks

15.1 – 20 % 2 marks
20.1 – 25 % 1 mark

3 marks

A.2.1.2 Calculation of the concentration of Na2S2O2 solution
Right Na2S2O3 concentration: 0.1000 mol·L-1 (0.1000 M),
all concentrations calculated by correct way are accepted.

A.2.2 Analysis of glucose sample
20 marks

A.2.2.1
titration number
Na2S2O3
consumption
(mL)

1.

2.

3.

mean:

start point
end point
9.8 mL

difference

Expected Na2S2O3 consumption: 9.8 mL
Expected Na2S2O3 consumption for individual teams were given to the
team leaders.Evaluation of results:
0 – 5 % 20 marks
5.1 – 10 % 16 marks
10.1 – 15 % 12 marks

A.2.2.2 Calculation of the content of glucose in the sample

15.1 – 20 % 8 marks
20.1 – 25 % 4 mark

3 marks

Results calculated by correct way are accepted independently on
the correctness of the titrations performed. Competitors could obtain maximal points for calculations even if the results of titration
(i.e. Na2S2O3 consumptions) are incorrect.
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A.2.3.1 Write equations describing the reaction of iodine with the following compounds:
6 marks
(2 marks per correct equation)
a)

HCHO (formaldehyde) +OHHCHO + I2 + 3 OH- → HCOO- + 2 I- + 2 H2O

b) CH3COCH3 (acetone) +OHCH3COCH3 + 3 I2 + 4 OH- → CHI3 + CH3COO- + 3 I- + 3 H2O
c)

HO
HO

(L-ascorbic acid)
O

O

H
HO

OH

L-ascorbic acid + I2 → L-dehydroascorbic acid + 2 HI

A.2.3.2 What is characteristic for the structure of glucose molecule? Which physicochemical property results from the structure of glucose molecule and how is the instrumental method for the determination of such substances called? Circle one of the
following answers in each column.
3 marks
(1 mark per correct answer)

Characteristic
of the Structure

Physicochemical
property

Instrumental
method

Conjugated system of
bonds
Asymmetric (chiral)
carbon
Charged center

absorption of UV light

UV spectrometry

optical rotation

polarimetry

electroconductivity

voltametry

Ester groups

volatility

gas chromatography
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A.3.1 Measure density and determine degree of beer
5 marks

A.3.1.1 Record your measurements to the following table

Number of
measur.

m0 (g)
mass of
empty
pycnometer

mwp (g)
mass of the
pycnometer
filled with
water

m1p (g)
mass of the
pycnometer
with light
beer

m2p (g)
mass of the
pycnometer
with dark
beer

1

152.7

347.1

349.0

350.1

2

152.6

347.2

349.2

350.1

3

152.6

346.9

348.9

349.8

4

152.4

347.0

349.0

350.2

5

152.7

346.8

348.9

349.8

Mean

152.6

347.0

349.0

350.0

1 mark for each column filled with values 4 marks
calculated mean value 1 mark

A.3.1.2 Calculate the mass of distilled water in the pycnometer (denote it by mw), the
mass of the light beer sample in the pycnometer (m1) and the mass of the dark
beer sample in the pycnometer (m2). Write the expressions in terms of m0, mwp,
m1p and m2p and the value. Do not forget to write unit!
2 marks
mw = mwp - mp = 194.4 g
m1 = m1p - mp = 196.4 g
m2 = m2p - mp = 197.4 g
formulas 1 mark
values + units 1 mark
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A.3.1.3 Copy the lab temperature (t) from the white-board. Use Graph 1 to determine the
density ( ρw ) of distilled water at the temperature t. Calculate the volume (Vw ) of
the distilled water in the pycnometer, write the formula for the volume and the
value with units.
3 marks
t = 22 oC
ρw = (997.5 – 997.8) kg m-3

1 mark

Vw = mw / ρw = 1.949 · 10 m
-4

3

2 marks

A.3.1.4 Write the formula for the density of the beer sample in terms of the mass of the
sample and the volume Vw. Calculate the density of the light beer sample ( ρ1 ) and
the dark beer sample ( ρ2 ). Do not forget to state correct units.
3 marks
ρ = m / VW

1 mark

ρ1 = 1008 kg /m

1 mark

ρ2 = 1013 kg /m

1 mark

3
3

A.3.1.5 Calculate the volume fraction of the alcohol and the degree of the light beer sample and the degree of the dark beer sample. The density of hopped wort for the
light beer is ρ1hw = 1040 kg/m3 and for the dark beer sample ρ2hw = 1080 kg/m3.
3 marks
Alcohol volume fraction of the light beer: 4.30%
Degree of the light beer: 11
Alcohol volume fraction of the dark beer: 8.99%
Degree of the dark beer 22

1 mark
0.5 marks
1 mark
0.5 marks

A.3.1.6 For simplicity, consider a hydrometer made of the test tube (of constant cross sections) with the weight inside of the length of 20 cm. Such a test tube is immersed
in the distilled water to one half of its length. Calculate the length of immersion
of the tube in both of your beer samples.
6 marks
Calculations: hi = hwater · ρw / ρi, i=1,2

4 marks

Length of immersion in the light beer sample: 9.90 cm

1 mark

Length of immersion in the dark beer sample: 9.85 cm

1 mark
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1 mark

A.3.2.1 Weigh all sugar cubes together.
9.0 g

Total mass of the sugar is:

1 mark

A.3.2.2 Calculate the lab thermodynamic temperature.
T = t / °C + 273,15 ≈ 295 K

5 marks

A.3.2.3 Fill the following table with the balloon data.
Time
(min)
d
(cm)
V
(cm3)
ph
(Pa)
n
(mol)

40

50

60

70

80

90

100

110

120

3.0

3.3

3.6

3.8

4.0

4.3

4.6

4.8

5.0

14.1

18.8

24.4

28.7

33.5

41.6

51.0

57.9

65.4

117

116

115

114

113

112

112

111

111

6·10-4

8·10-4 1.0·10-3 1.2·10-3 1.5·10-3 1.8·10-3 2.2·10-3 2.5·10-3 2.8·10-3
values for d 2 marks
1 mark for each additional row 3 marks

A.3.2.4 Derive the formula for the carbon dioxide amount of substance by terms of the
balloon diameter, lab thermodynamic temperature and constants.
2 marks
Calculations:
Atmospheric pressure pa = 101.325 kPa
Formula for the gas volume: V= π d3/6
Formula for the gas pressure: p = pa+2C/d
Formula for the amount of substance: n =(pa+2C/d) π d3 / (6RT)
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6 marks
(per graph 3 marks)

A.3.2.5 & A.3.2.6 Include your graphs

118
117

p / kPa

116
115
114
113
112
111
110

0

20

40

60

80

100

120

140

100

120

140

Time / min

3.5 · 10-3
3.0 · 10-3

n /mol

2.5 · 10-3
2.0 · 10-3
1.5 · 10-3
1.0 · 10-3
5.0 · 10-4
0

0

20

40

60

80

Time / min

A.3.2.7 What is the maximal possible amount of substance of carbon dioxide, if you suppose that all sucrose was converted to alcohol and carbon dioxide? Use the results
of Task A.1.2
3 marks
Calculations:
9.0 g of sucrose correspond to 0.026 mol. From each mol of
sucrose yeast produces 4 mol of CO2. Thus we could get at
most 0.11 mol of carbon dioxide.
Maximal possible amount of substance is: 0.11 mol
correct calculation 2 marks
result 1 mark
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Lenses, not only contact ones
Introduction
One of the Czech inventions are so called soft contact lenses. They were invented by the Czech chemist Otto Wichterle and his assistant Drahoslav Lím, who
also invented the first hydrogel used for their production. These corrective lenses usually placed on the cornea of the eye are now spread worldwide.

Material and equipment
For Task B.1.1
• Erlenmeyer ﬂask,
• 4 sheets of cardboard
• Scissors
• Ruler with scale
• Laser pointer
• Compass
For Task B.1.2
• Optical bench glass lens
• Laser pointer with two LED
sources of light

• Screen
• Scale
• Screw driver
For Task B.1.3
• Laser pointer with two LED
sources of light
• Screen
• Contact lens
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Material and equipment
For Task B.2
• Formaldehyde
(in volumetric ﬂask 100 mL)
• 2× erlenmeyer ﬂask (250 mL)
• 2× titration ﬂask (250 mL)
• 1× pipette 10 mL
• 2× burette 25 mL
• 1× funnel
• 2× beaker 150 mL
• 1× graduated cylinders 10 mL
• 1× plastic wash bottle
(with distilled water)
• 0.1 M Sodium thiosulfate
(Na2S2O3) solution – real concentration declared by organisers
• Approx. 0.05 M Iodine (I2)
solution
• Starch indicator
• Hydrochloric acid (HCl) – diluted
1:4 with distilled water
• 2 M Sodium hydroxide (NaOH)

For Task B.3
• Microscope
• Microscope slides and
cover glasses
• Plastic pasteur pipettes
• Filtration paper
• Toothpicks
• Eppendorf tubes
• Staining chamber
• Pencils of different colours
• Tissue paper
• Sample of corneal cryosection
• Ethanol solution
• Haemotoxylin solution
• Eosin solution
• Acridine orange solution
• Toluidin blue solution
• 140 mM NaCl solution
• Polyacryamide gel with separated
proteins obtained from mammalian
lens in a petri dish
• Distilled water

Task B.1 – Optical properties of various lenses
Generally, a lens is an optical device which influences the propagation of light. It can
be made out of various materials, glass lenses are very common, however also e. g.
water can act as a lens (Nicolas Cage used the bottle with water instead of magnifier
in the movie “National treasure”), or the above mentioned hydrogel.
There are basically two different types of lenses according to the way how they influence the beam – converging lenses and diverging lenses, see Fig. 1.
Converging lens

Diverging lens

Focus

Focal length ƒ

Figure 1: Different types of Lenses.
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B.1.1 Thick water lens with varying radius
Prepare the set of four cardboards with the circled opening in the middle of them
that can be set on the Erlenmeyer flask, see Fig. 2.

R

o

Figure 2: Preparing of the cardboards.
Draw lines dividing the cardboards into two halves in both directions. Use the compass to draw a circle of the radius R with the centre in the intersection of both axes,
see Fig. 2. Choose four different radii – in such a way four different lenses will be
measured. Recommended value of R are in the interval 2.5 – 5.5 cm. Cut the circle
openings in the middles of the cardboards by scissors. The longer axis of the cardboard would be an optical axis (axis o in Fig. 2). Draw also two half-lines on each
cardboard parallel to the optical axis starting in the openings. The half lines should be
on different side from the axis
in the distance not longer than
Focus
50 percent of the radius, see
Fig. 3. Set the cardboard on
the flask and place the laser
pointer in such a way that it
makes a “light ray” on the pref
pared half line. Bend the cardboard in a suitable way so you
will be able to see a light ray
even behind the flask. Find
Figure 3: Focal length measurement.
the point where the ray intersects the optical axis, see Fig.
3. The light beam diffracts also in the vertical plane while propagating through the
flask, see Fig. 4. That is the reason why you have to bend the cardboard to find the
correct position of the focus. Draw the intersections of the rays with the optical axis
for both prepared parallel rays on each cardboard and draw also the trajectories of
the rays. Add your cardboards to the answer sheet.
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Figure 4: The diffraction in the vertical plane.
B.1.1.1 Measure the focal lengths f1 – f4 for the radii R1 - R4 and record them on the
answer sheet.
Draw the graph of the dependence of f on R on the graph paper. Denote
your graph by “Graph B.1.1.1” and do not forget to add it to the answer
sheet.
B.1.1.2 What is the pattern of your graph? Choose one of the following possibilities.
a) f = keqR, q>0
b) f = ke qR, q <0
c) f = kR + q, k>0
d) f = kR + q, k<0
e) f = kR2 + qR
B.1.1.3 Estimate the values of the parameters k and q from your graph and record them
on the answer sheet including the correct units.
Suppose that the lens are made from homogeneous material called “waterglass”, the following equality will hold true
k=

n
,
2(n -1)

where n is the refractive index of “waterglass”.
B.1.1.4 Determine the refractive index of waterglass. Write your answer on the answer
sheet.
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Put together the optical bench provided to you (see Fig. 5) and collimate the laser
beam. Put the lens approximately 30 cm from the light source. Switch on the LEDs
and focalize their image on the screen. Denoting by a the distance of the light
source to the lens and by a´ the distance of the image to the lens, the following
equation is satisfied
1 =1 +1
f a’ a
where f is the focal length of the lens.

Figure 5: Optical bench.
Another quantity suitable for the description of the lens properties is called
magniﬁcation
y
Z=
y’
where y denotes the distance of two points on the source in the plane perpendicular
to the optical axis and y’ is the distance of these two points on the screen.
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f

y
y´

a

a´

Figure 6: For deriving the formula for the maginification
B.1.2.1 Use Fig. 6 to derive the formula for the magnification in terms of the distance of
the light source to the lens a and the distance of the image to the lens a’.
B.1.2.2 Measure the distance of the source to the lens and the distance of the image to the
lens. Repeat the measurement for 5 different values of the distance of the source
to the lens. Calculate the magnification for each measurement. Record your measurements and results in table B.1.2.2 on the answer sheet.
Draw a graph on the graph paper of the dependence of the magnification
on the distance of the image to the lens. Denote the graph by Graph B.1.2.2
and do not forget to add it to the answer sheet.
B.1.2.3 Derive a formula for the magnification in terms of the focal length and the distance of the image to the lens.
B.1.2.4 Use the Graph B.1.2.2 to determine the focal length of the lens. Indicate in the
graph the way how you have obtained the focal length and write your result on
the answer sheet.

B.1.3 Contact lens
Carefully place the contact lens to the light source on the optical bench. Use the
screen and move it slowly from the distance of 10 cm from the laser beam source
to 3 m from the laser beam source. Study the trace of the laser beam on the screen.
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A. The trace is getting
¨ bigger
¨

smaller

with the distance from the source.

B. The given contact lens is
¨ converging ¨ diverging.
C. Is it possible to see the image of any object displayed by the contact lens on
the screen?
¨ yes
¨ no

Task B.2 – Residual formaldehyde measurement
Formaldehyde is a colourless gas with a characteristic pungent odour. It is an important precursor to many other chemical compounds, especially for polymers. In
the history of contact lens preparation, formaldehyde was used as a part of polymerization mixture. The reason why formaldehyde based polymers were banned was
residual formaldehyde content, which irritated the lens and lead to contact allergies. The only complication concerning formaldehyde today is a fact that permeable
contact lenses may absorb formalin and cause irritation to the eyes. Those working
with concentrated formalin (aqueous formaldehyde solutions) should remove their
contact lens to prevent eye irritation. In our case we will work with highly diluted
formalin solution and measure concentrations relevant to the residual formaldehyde
content in industrial polymers, including resins originally tested as a contact lens
material.
Iodometric determination of formaldehyde
Iodometry is one of the most important redox titration methods. Iodine reacts directly, fast and quantitively with many organic and inorganic substances. Thanks to
its relatively low, pH independent redox potential, and reversibility of the iodine/
iodide reaction, iodometry can be used both to determine the amounts of reducing
agents (by direct titration with iodine) and of oxidizing agents (by titration of iodine
with thiosulfate). In all cases the same simple and reliable method of end point detection, based on blue starch complex, can be used.
The reversible iodine/iodide reaction mentioned above is:
2 I–

I2 + 2 e–

Obviously whether it should be treated as oxidation with iodine or reduction with
iodides depends on the other redox system involved. A second important reaction
used excessively in iodometry is the reduction of iodine with thiosulfate:
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2 S2O32– + I2 → S4O62– + 2 I–
In the case of both reactions it is better to avoid low pH. Thiosulfate is unstable in
the presence of acids, and iodides in low pH can be oxidized by air oxygen to iodine. Both processes can be source of titration errors. Iodine is very weakly soluble
in the water, and can be easily lost from the solution due to its volatility. However,
in the presence of excess iodides iodine creates I3– ions. This lowers free iodine concentration and such solutions are stable enough to be used in lab practice. Still, we
should remember that their shelf life is relatively short (they should be kept tightly
closed in dark brown bottles, and standardized every few weeks). Iodine solutions
are prepared dissolving elemental iodine directly in the iodides solution. Elemental
iodine can be prepared very pure through sublimation, but because of its high volatility it is difficult to weigh. Thus use of iodine as a standard substance, although
possible, is neither easy nor recommended. Iodine solutions can be easily normalized against arsenic (III) oxide (As2O3) or sodium thiosulfate solution.
Formaldehyde, which is the basic part of phenol-formaldehyde resins, is possible
to determinate by iodometric titration method. In this method the sample is added to an excess of hypoiodite (IO–), formed from standard iodine solution making
the solution alkaline. Part of the hypoiodite is reduced by the formaldehyde in the
sample, and the unreduced part is converted to iodine by acidifying the solution
(iodine is then titrated with sodium thiosulfate using starch indicator) according to
the following reactions:
I2 + 2 OH– → IO– + I– + H2O
HCHO + IO– + OH– → HCOO– + I– + H2O
IO–+ I– + 2 H+ → I2 + H2O
These reactions are possible to summarise into the following one:
I2 + HCHO + 3 OH– → HCOO– + 2 I– + 2 H2O

B.2.1 Standardisation of approx. 0.05 m iodine solution
• Put 10.0 mL of standard iodine solution (from burette) into a 250 mL titration flask.
• Add appropriate volume of distilled water (approx. 50 mL) and 5 mL of HCl (1:4)
by the graduated cylinder.
• Titrate immediately with standardized sodium thiosulfate (Na2S2O3) to a light yellow colour.
• Add 5 mL of starch indicator from a graduated cylinder and continue the titration
to the disappearance of the blue colour.
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B.2.1.1 Calculate the concentration of I2 solution (mol/l). Write your calculations and
result on the answer sheet.

B.2.2 Analysis of formaldehyde sample
• Fill the sample inside 100 mL volumetric flask up to the mark by distilled water.
• Pipette 10.0 mL of sample into a 250 mL erlenmeyer conical flask.
• Add 15 mL of 2 M sodium hydroxide (NaOH) and accurately 25.0 mL of 0.05 M
standard iodine solution (from burette).
• Stopper the flask, swirl the contents, and allow it to stand approximately 5 min.
• At the end of this time period, add 20 mL of HCl (1:4) by the graduated cylinder
(solution must get brown according to the iodine creation; otherwise the next
portion of acid is required).
• Titrate immediately with standardized 0.1 M sodium thiosulfate (Na2S2O3) to a
light yellow colour.
• Add 5 mL of starch indicator from a graduated cylinder and continue the titration
to the disappearance of the blue colour.
B.2.2.1 Record on the answer sheet the volume of standardized 0.1 M sodium thiosulfate
in the start position, end position and the difference. Perform the analysis at least
twice (three times if necessary).
B.2.2.2 Calculate the mass of formaldehyde in the sample. The result should be expressed
in miligrams (mg) of formaldehyde in the original sample provided.
M(HCHO) = 30.03 g·mol-1

B.2.3 Supplementary questions
B.2.3.1 Answer the following questions on the answer sheet. Use equations for describing
the reaction of iodine with the following ions:
a) SbO33- (antimonite)
b) SO32- (sulfite)
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c) S2O32- (thiosulfate) in neutral environment
d) S2O32- (thiosulfate) in alkaline environment
B.2.3.2 Which compounds (present at least two for each example) are used for the standardisation of following solutions?
a) Thiosulfate (S2O32-)
b) Iodine (I2)
B.2.3.3 How many grams of Na2S2O3 · 5 H2O are necessary for the preparation of 500 mL
solution at concentration of 0.05 M (mol·L-1)?
Ar(Na)=23.0

Ar(S)=32.1

Ar(O)=16.0

Ar(H)=1.0

Task B.3 – Eye and vision
B.3.1 Vision
Eyes are organs that detect light and convert it to electro-chemical impulses in neurons.
In higher organisms the eye is a complex optical system which collects light from the
surrounding environment; regulates its intensity; focuses it through an adjustable
assembly of lenses to form an image; converts this image into a set of electrical signals;
and transmits these signals to the brain. The ﬁrst proto-eyes evolved among animals
600 million years ago, about the time of the Cambrian explosion. In most vertebrates
and some molluscs, the eye works by allowing light to enter and project onto a lightsensitive panel of cells, known as the retina, at the rear of the eye.
Evolution of the eye
B.3.1.1 Indicate on the answer sheet if the following statements are true or false and circle
the right answer.
a) While photoreception and photoreceptive pigments are phylogenetically
very old, eyes developed independently many times in animal kingdom.
b) Photoreception, photoreceptive pigments as well as all animal eyes are
phylogenetically very old and have a common origin.
c) While eyes are phylogenetically very old and of common evolutionary origin,
different animal groups co-opted many different photoreceptive pigments.
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B.3.1.2 Indicate on the answer sheet if the following statements are true or false and circle
the right answer.
a) Animals living in dark developed pigments sensing ultraviolet light.
b) Birds of prey posses higher concentration of neural elements such as rods
and cones, therefore have much greater visual acuity than humans.
Perception of colours
B.3.1.3 Indicate on the answer sheet if the following statements are true or false and circle
the right answer.
a) Vision in mammals is restricted to a small range of electromagnetic spectrum; this varies from creature to creature, but is mainly between 400
and 700 nm.
b) Vision in organisms covers substantial part of the electromagnetic spectrum, varies from creature to creature, in majority invertebrates spans
from ultraviolet to infrared wavelengths (100 – 1500 nm).
Adjusting the focus
B.3.1.4 Indicate on the answer sheet if the following statements are true or false and circle
the right answer.
a) The curvature of the human lens can be adjusted to “tune” the focus depending upon the object’s distance.
b) Human lenses have fixed shape, focusing is achieved by moving the lens
forwards or backwards within the eye.
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Colour vision
B.3.1.5 Indicate on the answer sheet if the following statements are true or false and circle
the right answer.
a) Mammals, except for primates, are colour-blind.
b) Most mammals posses dichromatic colour vision, they can distinguish
blue from yellow-green but not red from green; they are red-green colour-blind.
c) Sub mammalian vertebrates are colour-blind.

B.3.2 Cornea
The cornea is the transparent front part of the eye that covers the iris, pupil, and
anterior chamber. Together with the lens, the cornea refracts light, with the cornea
accounting for approximately two-thirds of the eye’s total optical power. In humans, the refractive power of the cornea is approximately 43 dioptries. While the
cornea contributes most of the eye’s focusing power, its focus is fixed. Important
functions of the cornea are mechanical resistance and translucence. This is linked to
the corneal morphology, which is composed from several distinct layers.
Your task will be to stain cornea, which was briefly fixed with formaldehyde,
saturated with sucrose, frozen and cryocut to the thickness 10 micrometers.
• Put glass with the corneal cryosection inside the staining chamber.
• Use a plastic pasteur pipette for the transfer of liquids on top of the glass slide.
• Please wash the pasteur pipettes properly with distilled water after each transfer.
• Using a pasteur pipette cover the cryosection with approx. 1mL haematoxylin
solution, incubate for 5 min.
• Wash excess of the staining solution with distilled water.
• Using another pasteur pipette cover the cryosection with approx. 1mL eosin solution, incubate for 5 min.
• Wash excess of the staining solution with distilled water.
• Remove the excess of the water from the glass by touching the filtration paper.
• Put a droplet of water (10 microliters) on the top of the cryosection and cover
with the cover glass.
• Microscope the specimen.
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A. Corneal epithelium (shade the area in RED): a thin epithelial multicellular tissue layer (non-keratinized stratified squamous epithelium). It is
composed of about 6 layers of cells which are shed constantly on the
exposed layer.
B. Corneal stroma (shade the area in BLUE): a thick, transparent layer,
consisting of regularly-arranged collagen fibers along with sparsely distributed interconnected keratocytes.
C. Corneal endothelium (shade the area in GREEN): a simple squamous or
low cuboidal monolayer of cells responsible for regulating fluid and solute transport between the aqueous and corneal stromal compartments.

B.3.2.2 One of the layers described in B.3.2.1 does not regenerate. Remnant cells stretch
to compensate loss of the dead cells. The overall cell density of the particular layer
therefore reduces with age. Which one of the 3 cell layers does not regenerate?
Encircle on the answer sheet the right answer.

B.3.2.3 Based on your observation of the histological specimen and your experience select
the right answer/answers. Which of the following tissue types are localized in the
cornea? Circle “yes” or “no” on the answer sheet.
a) epithelial tissue
b) connective tissue
c) muscle cells
d) sensory neurons
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B.3.2.1 Draw with a pencil a schematic picture of the histological crossection on the
answer sheet and using following characteristics identify distinct cellular layers.
Highlight them in the drawing using pencils with different colours. With the arrow mark the direction of the light entering the eye.
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B.3.2.4 Based on your observation of the histological specimen and your experience indicate in the answer book if the following statements are true or false and circle the
right answer (suppose that we are talking about healthy people).
a) The cornea has no blood supply; it gets oxygen directly through the air.
Oxygen first dissolves in the tears and then diffuses throughout the cornea to keep it healthy.
b) The cornea is highly vascularised; it gets oxygen directly from the capillaries. Atherosclerosis leads to the loss of the corneal translucence called
glaucoma, with causal treatment – corneal transplantation.

B.3.3 Non-keratinized stratified squamous epithelium
In your body you can find similar tissues to the corneal non-keratinized stratified
squamous epithelium. One of them is buccal epithelium localized inside your mouth.
• Gently scrape surface of your mouth with toothpick.
• Resuspend cellular material in the Eppendorf tube in the 200 microliters of the
140 mM NaCl.
• Pipette 30 microliters of the cell suspension to the edge of the microscopy glass.
• Prepare 4 smear specimens using 30 microlitre of the cell suspension.
• Let the smears dry.
• Put glasses with the smears inside the staining chamber.
• Using Pasteur pipette cover the glasses with approx. 2mL ethanol solution and
incubate for 5 min.
• Please wash the Pasteur pipettes properly with the distilled water after each transfer.
• Wash excess of the fixation solution with distilled water.
• Using Pasteur pipette cover the glasses with approx. 2ml staining solution (use 4
different staining solutions (A – Acridine orange, B - Haematoxylin, C – Eosin and
D – Toluidin blue) and incubate for 10 min.
• Wash excess of the staining solution with distilled water.
• Put a droplet of water (10 microliters) on the top of the stained smears and cover
with the cover glass.
• Microscope the specimen.
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B.3.3.2 Which dyes (A-D) stain acidophilic structures (bind basic molecules, in the cell
stain mostly cytosol)? Encircle on the answer sheet the right answer(s).
B.3.3.3 How 96% ethanol fix the tissue sample? Indicate on the answer sheet if the
following statements are true or false and circle the right answer.
a) Covalently modify macromolecules in the sample.
b) Dehydrate and therefore denaturize – in that way in non-water environment
cellular components, mostly proteins dramatically change conformation.
B.3.3.4 Identify and draw on the answer sheet a cell covered with the bacteria, indicate
which dye(s) (A, B, C or D) was(were) used for the staining of the specimen, where
bacteria were easily visible. Indicate the bacteria with an arrows.
B.3.3.5 The size of the buccal cell is about 100
units in the box on the answer sheet.

– add appropriate metric system

B.3.4 Lens
The lens is a transparent, biconvex or spherical structure in the eye that, along with
the cornea, helps to refract light to be focused on the retina. Adjustment of the lens
is known as accommodation. The lens is flatter on its anterior side. In humans, the
refractive power of the lens in its natural environment is approximately 18 dioptres,
roughly one-third of the eye’s total power. Size and shape can change due to accommodation and because the lens continues to grow throughout a person’s lifetime
In a Petri dish you can find polyacryamide gel with separated proteins obtained
from the mammalian lens along with the molecular weight standards.
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B.3.3.1 Which dyes (A-D) stain basophilic structures (binds to acidic molecules, in the cells
stain mostly nuclei)? Encircle on the answer sheet the right answer(s).
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kDa

B.3.4.1 Draw on the answer sheet (along with the molecular weight
standards) position of the bands corresponding to the 4
major lens protein components named crystallins – soluble
proteins that compose over 90% of the protein within the lens.
Indicate corresponding estimated m.w. of individual crystallins.

~250
~130
~100
~70
~55
~35
~25
~15
Gel

Ladder of molecular weight standards used in the experiment with corresponding molecular weights in kDa
(1 Da=1.66 · 10-27 kg=unified atomic mass unit).

~10

B.3.4.2 Identify in the drawing (using an arrow) the edge of the gel where samples were loaded.
B.3.4.3 What is the approx. number of amino acids in the biggest crystalline? Below is
a model structure of an amino acid with molecular weight close to the average
amino acid molecular weight.
CH3

O

H3 C

OH
NH2

B.3.4.4 The amount of the protein in the crystalline band with highest molecular weight
is about 10 micrograms. Sample loaded to the gel corresponds to the 1/500 of the
total protein amount from one mouse lens. How many of these crystalline molecules contain visual system of a single mouse?
B.3.4.5 Indicate on the answer sheet if the following statements are true or false.
a) Lens proteins must last in a human for his/her entire lifetime.
b) An important factor in maintaining the transparency of the lens is the
absence of light-scattering organelles such as the nucleus, endoplasmic
reticulum, and mitochondria within the mature lens fibers.
c) Glucose is the primary energy source for the lens. As mature lens fibers
do not have mitochondria, the majority of the glucose is metabolized via
anaerobic respiration.
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Task B.1 – Optical properties of various lenses
(40 marks)
B.1.1 Thick water lens with varying radius
Add your cardboards with the rays to the answer sheet.

2 marks

B.1.1.1 Fill the following table

3 marks

R (cm)

1.5

2.0

2.5

3.0

f (cm)

3.1

4.0

5.0

6.0

3 marks

Graph B.1.1.1
8.0
7.0
y = 2.1465x

f / cm

6.0
5.0
4.0
3.0
2.0
1.0
0.0

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

R / cm

suitable axis labels + units 1 mark
suitable scale 1 mark
line of best fit 1 mark

247

EUSO 2011

B.1.1.2 What is the pattern of your graph? Choose one of the following possibilities.
2 marks
a)

f = keqR, q>0

b)

f = ke qR, q <0

c)

f = kR + q, k>0

d)

f = kR + q, k<0

e) f = kR2 + qR

B.1.1.3 Estimate the values of the parameters k and q from your graph including the
correct units.
3 marks
k = 1.8 – 2.2
q = -1 cm – 1 cm
value for k 1.5 marks
value for q 1 mark
units 0.5 marks

B.1.1.4 Determine the refractive index of waterglass.
Formula for n: n=2k/(2k-1)
n = 1.2 – 1.5

4 marks
2 marks
2 marks

B.1.2 Optical bench
B.1.2.1 Use Fig. 6 to derive a formula for the magnification in terms of the distance of
the light source to the lens a and the distance of the image to the lens a’.
3 marks
Z = a’/a
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No.

a (cm)

a’ (cm)

Z

1

40.0

13.2

0.4

2

35.0

19.0

0.8

3

30.0

21.4

0.7

4

25.0

24.2

1.0

5

20.0

31.3

1.6

4 marks

Graph B.1.2.2
2.5
2.0

Z

1.5
1.0
0.5
0.0
-0.5
-1.0

0.0

5.0

10.0

15.0

20.0
a' / cm

25.0

30.0

35.0

40.0

suitable axis labels + units 1 mark
suitable scale 1 mark
line of best fit 1 mark
indication how f is obtained 1 mark

B.1.2.3 Derive a formula for the magnification in terms of the focal length and the distance of the image to the lens.
3 marks
Z = a’/f – 1
2 marks

B.1.2.4 Determine the focal length of the lens.
f = 11 – 13 cm

focal length determined from slope 1 mark
result within indicated range 1 mark
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B.1.2.2 Fill the following table.
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B.1.3 Contact lens
3 marks

B.1.3.1 Circle the correct word on each line.
A) The trace is getting
¨ bigger
¨ smaller

with the distance from the source.

B) Given contact lens is
¨ converging ¨ diverging.
C) Is it possible to see the image of any object displayed by the contact lens
on the screen?
¨ yes
¨ no.

Task B.2 – Residual formaldehyde measurement
(40 marks)
B.2.1 Standardisation of 0.1 M Na2S2O3 solution
B.2.1.1 Record the volume of standardized 0.1 M sodium thiosulfate used.
titration number
Na2S2O3
consumption
(mL)

1.

2.

3.

5 marks
mean:

start point
end point
10.9 mL

difference

Expected Na2S2O3 consumption: 10.9 mL
Evaluation of results:
0 – 5 % 5 marks
5.1 – 10 % 4 marks
10.1 – 15 % 3 marks
15.1 – 20 % 2 marks
20.1 – 25 % 1 mark
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correct concentration 0.0545 mol · L

-1
all concentrations calculated by
correct way are accepted.

B.2.2 Analysis of formaldehyde sample
B.2.2.1 Record the volume of standardized 0.1 M sodium thiosulfate used.
titration number
Na2S2O3
consumption
(mL)

1.

2.

3.

20 marks
mean:

start point
end point
17.9 mL

difference

Expected Na2S2O3 consumption: 17.9 mL

Evaluation of results:
0 – 5 % 5 marks
5.1 – 10 % 4 marks
10.1 – 15 % 3 marks
15.1 – 20 % 2 marks
20.1 – 25 % 1 mark

B.2.2.2 Calculation of the content of formaldehyde in the sample

3 marks

Content of formaldehyde in whole sample: 140.4 mg
Results calculated by correct way are
accepted independently on the correctness
of the titrations performed.

B.2.3 Supplementary questions
B.2.3.1 Use equations for describing the reaction of iodine with the following ions:
4 marks
a) SbO33- (antimonite)
SbO33- + I2 + H2O → SbO43- + 2 I- + 2 H+
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2 marks

B.2.1.2 Calculation of the concentration of I2 solution
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b) SO32- (sulﬁte)
SO32- + I2 + H2O → SO42- +2 I- + 2 H+
c) S2O32- (thiosulfate) in neutral environment
2 S2O32- + I2 → S4O62- + 2 Id) S2O32- (thiosulfate) in alkaline environment
S2O32- + 4 I2 + 10 OH- → 2 SO42- + 8 I- + 5 H2O

B.2.3.2 Which compounds (present at least two for each example) are used for the standardisation of following solutions?
2 marks
(1 mark each)
a) Thiosulfate (S2O32-)
Cr2O72- + 6 I- + 14 H+ → 3 I2 + 2 Cr3+ + 7 H2O
BrO3- + 6 I- + 6 H+ → 3 I2 + Br- + 3 H2O
IO3- + 5 I- + 6 H+ → 3 I2 + 3 H2O
b) Iodine (I2)
As2O3 + 6 OH- → 2 AsO33- + 3 H2O
AsO33- + I2 + H2O → AsO43- + 2 I- + 2 H+ (in alkaline environment)
2 S2O32- + I2 → S4O62- + 2 ITwo compounds (or even more) presented for
each sub-question are accepted as a correct answer.
If only one compound is mentioned,
the answer is evaluated as incorrect.

B.2.3.3 Amount (in grams) of Na2 S2O3 · 5 H2O necessary for the preparation of 500 mL
4 marks
solution at concentration of 0.05 M (mol·L-1 )
Calculated molecular weight of Na2S2O3 · 5 H2O:
248.2 g/mol
Amount of thiosulfate needed for preparation of target solution:
6.2050 g

252

EUSO 2011

(40 marks)

B.3.1 Vision
B.3.1.1 Indicate if the following statements are true or false.

1.5 marks

a) While photoreception and photoreceptive pigments are phylogenetically
very old, eyes developed independently many times in animal kingdom.
[TRUE] [FALSE]
b) Photoreception, photoreceptive pigments as well as all animal eyes are
phylogenetically very old and have a common origin.
[TRUE] [FALSE]
c) While eyes are phylogenetically very old and of common evolutionary
origin, different animal groups co-opted many different photoreceptive
pigments.
[TRUE] [FALSE]

B.3.1.2 Indicate if the following statements are true or false.

1 mark

a) Animals living in dark developed pigments sensing ultraviolet light.
[TRUE] [FALSE]
b) Birds of prey posses higher concentration of neural elements such as rods
and cones, therefore have much greater visual acuity than humans.
[TRUE] [FALSE]
B.3.1.3 Indicate if the following statements are true or false.

1 mark

a) Vision in mammals is restricted to a small range of electromagnetic spectrum; this varies from creature to creature, but is mainly between 400
and 700 nm.
[TRUE] [FALSE]
b) Vision in organisms covers substantial part of the electromagnetic spectrum, varies from creature to creature, in majority invertebrates spans
from ultraviolet to infrared wavelengths (100 – 1500 nm).
[TRUE] [FALSE]
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Task B.3 – Eye and vision
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B.3.1.4 Indicate if the following statements are true or false.

1 mark

a) The curvature of the human lens can be adjusted to “tune” the focus depending upon the object’s distance.
[TRUE] [FALSE]
b) Human lens have fixed shape, focusing is achieved by moving the lens
forwards or backwards within the eye.
[TRUE] [FALSE]

B.3.1.5 Indicate if the following statements are true or false.

1.5 marks

a) Mammals, except for primates, are colour-blind.
[TRUE] [FALSE]
b) Most mammals posses dichromatic colour vision, they can distinguish
blue from yellow-green but not red from green; they are red-green colour-blind.
[TRUE] [FALSE]
c) Sub mammalian vertebrates are colour-blind.
[TRUE] [FALSE]
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B.3.2.1 Draw with a pencil a schematic picture of the histological crossection on the
answer sheet and using following characteristics identify distinct cellular layers.
Highlight them in the drawing using pencils with different colours. With the
arrow mark the direction of the light entering the eye.
7 marks
A. Corneal epithelium (shade the area in RED): a thin epithelial multicellular tissue layer (non-keratinized stratified squamous epithelium). It is
composed of about 6 layers of cells which are shed constantly on the
exposed layer.
B. Corneal stroma (shade the area in BLUE): a thick, transparent layer,
consisting of regularly-arranged collagen fibers along with sparsely distributed interconnected keratocytes.
C. Corneal endothelium (shade the area in GREEN): a simple squamous or
low cuboidal monolayer of cells responsible for regulating fluid and solute transport between the aqueous and corneal stromal compartments.
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B.3.2.2 One of the layers described in B.3.2.1. does not regenerate. Remnant cells stretch
to compensate loss of the dead cells. The overall cell density of the particular layer
therefore reduces with age. Which one of the 3 cell layers does not regenerate?
Encircle the right answer.
1 mark
A

B

C

B.3.2.3 Based on your observation of the histological specimen and your experience select
the right answer/answers. Which of the following tissue types are localized in the
cornea? Circle “yes” or “no”.
2 marks
a) epithelial tissue
[YES]
[NO]
b) connective tissue
[YES]
[NO]
c) muscle cells
[YES]
[NO]
d) sensory neurons
[YES]
[NO]

B.3.2.4 Based on your observation of the histological specimen and your experience indicate if the following statements are true or false.
1 mark
a) The cornea has no blood supply; it gets oxygen directly through the air.
Oxygen first dissolves in the tears and then diffuses throughout the cornea to keep it healthy.
[TRUE] [FALSE]
b) The cornea is highly vascularised; it gets oxygen directly from the capillaries. Atherosclerosis leads to the loss of the corneal translucence called
glaucoma, with causal treatment - corneal transplantation.
[TRUE] [FALSE]
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B.3.3.1 Which dyes (A-D) stain basophilic structures (binds to acidic molecules, in the cells
stain mostly nuclei)? Encircle the right answers.
2 marks
A. [YES]

[NO]

C. [YES]

[NO]

B. [YES]

[NO]

D. [YES]

[NO]

B.3.3.2 Which dyes (A-D) stain acidophilic structures (bind basic molecules, in the cell
stain mostly cytosol)? Encircle the right answers.
2 marks
A. [YES]

[NO]

C. [YES]

[NO]

B. [YES]

[NO]

D. [YES]

[NO]

B.3.3.3 How 96 % ethanol fix the tissue sample? Indicate if the following statements are
true or false.
1 mark
a) Covalently modify macromolecules in the sample.
[TRUE] [FALSE]
b) Dehydrate and therefore denaturize - in that way in non-water environment cellular components, mostly proteins dramatically change conformation.
[TRUE] [FALSE]
B.3.3.4 Identify and draw a cell covered with the bacteria, indicate which dye(s) (A, B, C
or D) was(were) used for the staining of the specimen, where bacteria were easily
visible. Indicate the bacteria with an arrows.
5 marks
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B.3.3.5 The size of the buccal cell is about 100 micrometer – add appropriate metric
system units in the box.
1 mark

B.3.4 Lens
B.3.4.1 Draw (along with the molecular weight standards) position of the bands corresponding to the 4 major lens protein components named crystallins - soluble
proteins that compose over 90% of the protein within the lens. Indicate corresponding estimated m.w. of individual crystallins.
4 marks
B.3.4.2 Identify in the drawing (using an arrow) the edge of the gel where samples were
loaded.
1 mark

B.3.4.3 What is the approx. number of amino acids in the biggest crystalline? Below is
a model structure of an amino acid with molecular weight close to the average
amino acid molecular weight.
1 mark

CH3

O

H3 C

OH
NH2

190 aminoacids
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B.3.4.4 Amount of the protein in the crystalline band with highest molecular weight is
about 10 micrograms. Sample loaded to the gel corresponds to the 1/500 of the
total protein amount from one mouse lens. How many of these crystalline molecules contain visual system of a single mouse?
4 marks
2.4 · 1017 molecules

B.3.4.5 Indicate if the following statements are true or false.

2 marks

a) Lens proteins must last in a human for his/her entire lifetime.
[TRUE] [FALSE]
b) Important factor in maintaining the transparency of the lens is the absence of light-scattering organelles such as the nucleus, endoplasmic reticulum, and mitochondria within the mature lens fibers.
[TRUE] [FALSE]
c) Glucose is the primary energy source for the lens. As mature lens fibers
do not have mitochondria, the majority of the glucose is metabolized via
anaerobic respiration.
[TRUE] [FALSE]
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Overview
The 10th European Union Science Olympiad was held in Vilnius, Lithuania from
22nd to 29th April 2012. The President of the Republic of Lithuania, H. E. Mr.
Valdas Adamkus was honorary patron while Paulius L. Tamošiūnas was director and
Dr. Ramūnas Skaudžius was the deputy director. The event was sponsored by the
Ministry of Education and Science of the Republic of Lithuania, Vilnius University, Vilnius City Municipality, J.S.C. Orlen Lietuva, Achema, Conmaster, European
Physical Society, ThermoFisher Scientific, Amilina and Repro.
The two integrated tasks were developed by staff from Vilnius University. The first
one focused on amber, a product with a long association with the Eastern coast of
the Baltic Sea. The second task centered on different systems for oxygen regeneration aboard spacecrafts.
In addition to the scientific programme the participants and mentors experienced
a number of novel activities such as an attempt to break the world record for the
highest voltage from a potato battery, an international basketball match, a cultural
evening with representatives of the embassies of the participating countries and of
course dancing lessons for the uninitiated.
Twenty-two EU countries, the largest number of participating EU countries to date,
were represented by two teams each, a total of 44 teams and 132 Students, at EUSO
2012.
ö Local Team for the 10th EUSO 2012
Honorary Patron: H. E. Mr. Valdas Adamkus, President of the Republic of Lithuania
Director: Paulius L. Tamošiūnas Deputy Director: Ramūnas Skaudžius
Scientific committee from Vilnius University: Prof. habil. dr. Aivaras Kareiva (Chairman),
dr. (HP) Egidijus Anisimovas, Vidmantas Bieliūnas, Nail Garejev, Karolis Goda, Vytenis Gustainis,
Julius Juodakis, Marius Jurgelėnas, dr. (HP) Edmundas Kuokštis, Algirdas Neniškis, dr. Mindaugas
Pranaitis, dr. Andrius Petrašiūnas, dr. Rimantas Raudonis, Jonita Stankevičiūtė, Lukas Taujenis, dr.
Jurga Turčinavičienė.
Task Editors: Inga Rozgiene (Vilnius University), Renee Cacciola (Merrimac, Australia)
Administration: Indrė Grigaitytė, Laima Servaitė, Rūta Leinartaitė, Ieva Uogintaitė, Lina Kungytė,
Mindaugas Rasimavičius, Kotryna Vaidžiulytė, Juozas Nainys, Aušrinė Balkaitytė.
We also acknowledge the fantastic support of the laboratory assistants, programme executive
volunteers, the students’ and mentors’ guides as well as the persons responsible for photography,
visuals and the EUSO 2012 anthem.
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Medals and results 2012
(bronze medals in alphabetical order)

Rank

Team

Medal

Task A

Task B

Total

(80)

(80)

%

(160)

1

Estonia A

Gold

71.2

68.4

139.5

87.2

2

Hungary A

Gold

68.0

68.0

136.0

85.0

3

Romania B

Gold

63.7

71.8

135.5

84.7

4

Germany A

Gold

69.9

64.5

134.4

84.0

5

Czech Republic A

Gold

66.4

66.6

132.9

83.1

5

Lithuania B

Gold

64.0

68.8

132.9

83.0

7

Hungary B

Silver

68.5

61.5

130.0

81.3

8

Germany B

Silver

72.2

57.5

129.6

81.0

9

Slovakia A

Silver

64.8

63.5

128.3

80.2

10

Slovenia A

Silver

63.5

59.6

123.0

76.9

11

Slovakia B

Silver

63.9

58.5

122.4

76.5

12

Lithuania A

Silver

54.9

65.2

120.1

75.0

13

Austria A

Silver

64.3

52.4

116.7

72.9

14

Estonia B

Silver

69.2

46.8

116.0

72.5

15

Luxembourg B

Silver

55.2

52.2

107.3

67.1

16

Romania A

Silver

57.6

49.6

107.2

67.0

17

Italy B

Silver

52.5

54.5

107.0

66.9

18

Ireland B

Silver

48.4

57.5

105.9

66.2

19

Portugal A

Silver

49.0

55.8

104.8

65.5

20

Ireland A

Silver

52.2

48.7

100.9

63.1

21

Netherlands B

Silver

39.6

59.3

98.8

61.8

21

Belgium A

Silver

42.1

56.7

98.8

61.7

23

Portugal B

Silver

47.6

50.8

98.4

61.5

Bronze Medals
Bulgaria A, Cyprus A, Denmark A, Greece A, Italy A, Latvia A, Luxembourg A,
Netherlands A, Spain A, Sweden A, Austria B, Belgium B, Bulgaria B, Cyprus B,
Czech Republic B, Denmark B, Greece B, Latvia B, Slovenia B, Spain B, Sweden B
Range of bronze medals

21.7– 62.0
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30.2 – 55.8

51.9 – 97.2

32.4 – 60.8
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Task A

Amber
Introduction
Baltic amber is known as gold of the Baltic States. It is unique as it is only found
in the Baltic Sea region. One of the most valuable examples of Baltic amber is
the “Sun Stone”, which is extraordinary, almost circular and is as big as a human
head. In 2002 the amber bar weighing 3526.32 g was stolen from the Lithuania
National Amber Museum, luckily it was mysteriously returned during the investigation. Today “Sun Stone” is one of the most valuable ambers of the Baltic
States and is estimated at over 250 000 €.
The Phoenicians were
the great merchants of
ancient times and it is
well known that amber
had a high value during
that period (16th century BC). The Baltic Lithuanian term for amber
is Gintaras. The top
rated amber bars were
those that had inclusions. Even the smallest amber bars with
inclusions were traded
for 120 swords or 1200 spears. The Lithuanian Historical Association has set the
task for young scientists from the European Union to investigate the possible
exchange rate, if “Sun Stone” was sold in the ancient Phoenicians’ market.
Your task is to determine the hypothetical value of “Sun Stone”. There are five
main categories that determine the value of amber: mass, colour, intensity of
colour, density and inclusions. Referring to the catalogue in Task A.4, please
suggest the possible profit that merchant Gintaras (Amber) could get in the
Phoenicians’ market.
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The type of animals and plants found in Baltic amber is influenced by the distribution of resin-producing trees and is dependent on the conditions that prevailed in
the amber forests over time. Insects are the most abundant among Baltic amber
inclusions. They make up 86 – 92 % of all inclusions; arachnids comprise 7.5 – 13 %,
other species 0.1 – 1.7 %, plants 0.4 %, and other phyla, such as worms, mollusks
and vertebrates are extremely rare. An amber forest was an array of different habitats. Over time groups of insects were entrapped in the amber found in forests,
swamps, meadows, lakes and rivers.
You will have to identify seven arthropods found in different amber pieces identical
to those found by archaeologists. Based on your results you will determine which
arthropod gives the best added value to the final price of the amber. The results of
your experiments will allow you to calculate how many swords, spears and arrows
Lithuanian merchant Gintaras would have received for “Sun stone” in the Phoenician market.
Material and equipment
• 7 different arthropods in
numbered plates
• 7 microscope slides
• 18 mm cover slips
• Preparation needle
• Forceps

• Vial with glycerol
• Stereoscopic microscope
• Identification key
Ross, A. (1998). Amber: The Natural
Time Capsule. London: Natural
History Museum.

How to make a temporal slide of the arthropod body parts
• Very carefully tear out the wing, antenna or leg of the arthropod as close to the
body as possible.
• Put a drop of glycerol onto a microscope slide.
• Put the detached body part into the drop of glycerol.
• Put a glass cover slip onto the drop of glycerol.
• Inspect the temporal slide with the microscope.
• You can put two or three drops of glycerol on the same microscope slide and make
preparations of several different body parts of the same arthropod on one slide.
NOTE: arthropods should be put under the microscope ONLY on the microscope slide or
in plate.
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A.1.1 Putting a correct name
In biology, an identification key is a printed or computer-aided device that aids the
identification of biological entities, such as plants, animals, fossils, microorganisms,
and pollen grains. It is a modelling method used for categorising species using logical choices. A dichotomous key is a key where the sequence and structure of identification steps is fixed. At each point in the decision process, multiple alternatives
are offered, each leading to a result or a further choice to eventually arrive at the
correct identification. Following instructions in the key, you must answer a number
of questions about one or more features until you have arrived at the final decision
about a particular arthropod name. Do this with all the seven specimens that have
been provided to you on plates. If the feature in the key is not visible, prepare a
microscope slide of the body part in question.
Write down your steps following the guidelines in the key (A.1.1.1) and the respective
names (A.1.1.2) onto the answer sheet.

General insect morphology
Insect wing
Insect wings have rigid veins that support the wing in flight (Fig. 1). However, the
wing veins may look different in different insect groups (Fig. 2 A-B). Scientists have
tracked that all different insect wings have evolved from the same ancestor, i.e.
wings have evolved only once in the particular species‘ history.
Different modifications of wings can be found in insects: two pairs of equally developed wings; the first pair larger than the second; the first pair hardened (wing
cases) and the second membrane-like; the first pair membrane-like and the second
pair reduced into club-like structure (haltere) and so on.
Fossil records show that the wings of a primitive insect had 8 pairs of main veins.
Each pair diverges from the wing base into the anterior convex and posterior concave sectors (e. g., MA and MP). Due to evolution, insect wings, in most cases, have
a reduction in the number of veins.
Costa (C) – the vein at the leading edge of the wing, strong and marginal, extends
unbranched to the apex of the wing.
Precosta (PC) – the first longitudinal vein is fused with costa in all extant (currently
living) insects and is barely recognisable.
Subcosta (Sc) – the second longitudinal vein, is mainly found in the subcosta posterior sector (ScP).
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Media (M) – the fourth longitudinal vein, MA and MP usually have 4 branches
each. Cubitus (Cu) – the fifth longitudinal vein, CuA may have up to 4 branches,
while CuP is unbranched and lies near the claval fold and ends at the wing posterior
margin.
Anal veins (A) – are veins located behind the cubitus. The anal fold usually separates AA and AP.
Jugal (J) – small veins located in the jugal area are only found in some insects.
The black pterostigma is located near the wing tip, between RA1+2 and RA3+4.
Cross-veins are transverse veins that join longitudinal veins. Their names are based
on the position relative to longitudinal veins, e. g., r-m is the cross-vein between the
radius and media longitudinal veins.

pterostigma
ScP1

costal margin
base

PC

ScP2

RA1+2

ScA
C

RA3+4 (R1)
RP1 (R2)

apex

RP2 (R3)

ScP

RA
(Rs)
RP

R
M

RP3 (R4)
RP4 (R5)

MA
CuA

MA1
MA2

MP

MA3
MA4
MP1 (M1)
MP2 (M2)
MP3 (M3)
MP4 (M4)

CuP

JA4
JA3

CuA1

JA2 JA1

CuA3

AP4
AP3

jugal fold

CuA4
AP2

AP1 AA4

AA3

anal fold

anal margin

CuP+AA1+2

claval fold

Figure 1: Typical insect wing venation.
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Radius (R) – is the third longitudinal vein, usually the strongest vein on the wing,
with branches (RA and RP) usually covering the largest area of wing apex. RP and
RA are often referred to as the radial sector (Rs) and the end branches are numbered
R1-5.
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Figure 2: Wings of true flies: A – more primitive (craneflies), B – more advanced
(house flies, blow flies).
Insect antennae
Antennae are the primary olfactory sensors of insects and many other arthropods.
Antennae are located between the eyes on the forehead and are well-equipped
with a wide variety of sensilla, which are paired, mobile, or segmented. The three
basic segments of the typical insect antenna are the scape (base), the pedicel (stem),
and finally the flagellum. The flagellum often comprises many units known as
flagellomeres and can have feathery or filamentary outgrowths called arista (Fig. 3 B).
The number of flagellomeres can vary greatly, and is often of diagnostic importance.

ﬂagellomeres
ﬂagellum

pedicel

arista

pedicel

A

scape
scape

ﬂagellum

B

Figure 3: Insect antenna: A – more primitive (beetle), B – more advanced (true fly).
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femur

trochanter

tibia
t1

tars

claw

pulvillus

t2
t3
t4
t5

Figure 4: Insect leg parts.

A.1.2 Finding characters and drawing a phylogenetic tree
In order to know which arthropod would be the most expensive, you will have to
find out which inclusions were the rarest. To do this, you will need to construct a
character matrix and draw a phylogenetic tree.

A.1.2.1 Finding the character states
Character states are usually marked by two symbols: 0 if the character state is different from the one in the statement; 1 if the character state is exactly the same as the
one in the statement.
How does it work? Let’s say you have a statement: arthropod has eyes. If the one
you are observing has eyes, you write 1, if it doesn’t, you write 0. If the statement
describes characteristics of the structures that your arthropod doesn’t have at all,
you should write 0 (e.g., if the statement is “legs have long claws” and your object
doesn’t have legs at all, you should write 0). It is like saying YES and NO in the
identification key.
You will need to answer 10 questions about the characters (A-J shown below) for
each of the seven samples of arthropods you have by indicating 0 or 1 until all the
cells of the table in the answer sheet are completed. You will be required to prepare
and inspect some body parts using a microscope to help you answer the 10 questions. There is representation of at least one “1” character state in every column.
The statements are as follows:
A. Eyes are present and are made of many facets.
B. Well-developed wings are present, some might be solid.
C. Only two well-developed wings are present, the second pair is transformed into
a club-like (haltere) structure.
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coxa

Insect leg
Insects and their relatives are hexapods,
having six legs, each with five components,
starting from the body to the end: the coxa,
trochanter, femur, tibia, and tarsus (Fig. 4).
Each is a single segment, except the tarsus,
which can have three to seven segments,
and each is referred to as a tarsomere (t1,
t2, … t7). At the end of the tars, claws or
other similar structures are found. These
help insects to cling to surfaces.
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D.
E.
F.
G.

The entire surface of all wings is covered in hairs.
Four developed wings are present.
Two wings are present, 7 or more veins clearly reach the wing margin.
Two wings are present, large pterostigma is present over the end of the first
radial vein.
H. Two wings are present, first medial vein does not go straight to the wing tip,
instead, it ends at the radial vein or very close to it at the wing apex.
I. Two wings are present, t4 of hind leg has a deep depression and looks like the
letter “v”.
J. Two wings are present; the first basal cell is about three times longer than the
second basal cell.
Write down the respective character states onto the answer sheet (A.1.2.1).

A.1.2.2 Completing a phylogenetic tree
All arthropods share common ances1
2
3
4
try. The similarities and dissimilarities
among groups of organisms are the
B
result of a branching process in the
phylogenetic tree. Construction of a
D
phylogenetic tree of studied species
relies on the basic idea of comparing
C
specific features of the species. These
features are respective character states
A
in the table you have completed in
Task A.1.2.1 In the base of the tree
(root) the most primitive species will Figure 5: An example of a phylogenetic tree
be found and they will have a 0 in most (A-D characters, 1-4 species/plate number).
of the character states. New characters
in other species will be presented as branches of the tree. If several species have the
same feature, they must be connected. Characters specific to only one species form
a new group and in the tree they will be presented farthest from the root.
Complete a phylogenetic tree onto the answer sheet (A.1.2.2).

A.1.2.3 The value of amber pieces
The most expensive piece of amber is the one that has the most primitive arthropod
in it. This arthropod is put onto the first branch of your phylogenetic tree.
Write the number of the plate with the most primitive arthropod onto the answer sheet
(A.1.2.3.).
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Phoenician merchants valued pieces of amber according to visual aesthetics of colour and colour intensity. The amber colour depends on the ratio of two dye components (colourants) – red and yellow, while the colour intensity is dependent on the
total amount of colourant mixture in the material. It is very difficult to qualitatively
measure the colour and colour intensity of a piece of amber, therefore the following
scientific method will be used.
You will use Thin Layer Chromatography (TLC), Column Chromatography (CC) and
Colourimetric analysis techniques. TLC helps to identify the components in a colourant mixture and to choose the solvent for CC. CC is a technique used to separate
different substances (colourants in our case). Finally, colourimetric analysis allows
you to identify the quantity values of the components in the colourant sample.
“Sun Stone” is an invaluable property. To evaluate the colour and colour intensity
a dye mimicking the Amber colour is used instead of real amber pieces. Today you
will investigate the dye which has analogous colourimetric properties as “Sun Stone”.
Material and equipment
• Burette (filled with silica gel and
fixed to the stand)
• Funnel
• Tweezers
• 50 mL Erlenmeyer flask
“TLC Eluent”
• 4 x Pasteur pipette with a bulb
• 2 x 5mL graduated pipettes
• 4 x TLC plate
• Beaker “Organic waste”
• 4 x capillary
• 4 x 50 mL measuring cylinder
• 50 mL beaker
• Petri dish
• 50 mL Erlenmeyer flask
containing “Yellow colourant
standard solution”

• 50 mL Erlenmeyer flask
containing “Red colourant
standard solution”
• 100 mL Erlenmeyer flask
containing eluent and labeled
“Eluent”
• 5 mL vial containing
colourant mixture for column chromatography.
• 2 mL vial containing
colourant mixture for thin layer
chromatography “TLC sample”
• 20 mL vial containing Ethyl Acetate
• 20 mL vial containing
Petroleum Ether
• 2 x Stickers “Isolated colourant”
• Slips of paper
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Task A.2 – Colour and intensity of colour
measurements
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A.2.1 Thin Layer Chromatography
Thin Layer Chromatography (TLC) is a technique used to separate mixtures. It is
performed on a plate, which is coated with a thin layer of silica gel – the stationary
phase. A glass capillary is used to transfer a minute amount of the analyzed mixture
and mark a spot on the “Start” line on the TLC plate (Fig. 6). A developing chamber
(a beaker with a Petri dish on top of it) is filled with a desired eluent (the mobile
phase) so that the level of the solution is 2– 3 mm high from the bottom. A spotted
TLC plate is then placed vertically into the TLC chamber using tweezers and covered
with the Petri dish (Fig. 7).
During the experiment the eluent
will travel up the plate. When the
eluent reaches the “Finish” line
the plate must be removed from
the chamber. The retardation factor (Rf ) for every spot on the TLC
plate can then be calculated.
Rf is the ratio of the distance travelled by the center of the spot to
the distance travelled by the solvent front. For example, if a parFigure 6: Spotting of a TLC Figure 7: Develop- ticular substance travels 2.5 cm
plate.
ment of a TLC plate. and the solvent front travels
5.0 cm, the Rf would be 0.50. Every chemical compound has a unique Rf value which is dependent on the eluent.
For effective separation, an optimal eluent must be chosen. To separate a mixture of
two coloured compounds you will try three eluents, differing in the volume ratio
of petroleum ether and ethyl acetate. Notice that you have one extra TLC plate and
capillary. You can use this in case something goes wrong. Follow these instructions:
1.

Calculate the volume you need to prepare 5.0 mL of petroleum ether and ethyl
acetate mixtures: 9:1 and 3:1 (v.v.). Show calculations on the answer sheet
(A.2.1.1.).

2.

To prepare 5 mL 9:1 ratio mixture, pour the necessary volume of petroleum
ether and ethyl acetate, using the graduated pipettes, into an empty 50 mL Erlenmeyer flask labeled “TLC eluent“.

3.

Pour the prepared eluent from the flask “TLC eluent” into the TLC chamber so
that the height of the liquid layer is approximately 2 – 3 mm. Place the Petri dish
on top of the chamber to prevent any volatile solvents from evaporating.
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Use the capillary to spot the colourant sample on the mark on the TLC plate.
Use the tweezers to place the TLC plate vertically in the TLC chamber and cover
the chamber with the lid.

5.

Wait until the eluent reaches the finish line, then, using the tweezers, take the
TLC plate out and wait until it dries. Dispose of the eluent into the organic
waste container. Keep the organic waste container covered with a slip of paper
to minimize evaporation.

6.

Calculate the Rf value. Show calculations on the answer sheet (A.2.1.2).

7.

Repeat the experiment (steps 2 to 6) with another eluent (mobile phase from
petroleum ether and ethyl acetate with a ratio 3:1 (v:v)). Be aware that you have
to use a new TLC plate for every new experiment.

8.

Once again repeat thin layer chromatography using the given eluent from the
flask “Eluent” and show calculations on the answer sheet (A.2.1.2).

9.

Complete the answer sheet by answering (A.2.1.3 – A.2.1.6.).

10. Place the TLC plates back into the plastic bag.

A.2.2 Column Chromatography
Although the TLC is mainly used to analyze mixtures qualitatively, the same principle can be applied to separate
amounts from micrograms up to kilograms. This process is
called Column Chromatography (CC). In this case, the flow
of the eluent (mobile phase) slowly moves the compounds
down the column. Different compounds move at different
speeds, depending on their Rf values. When one fraction of
a compound starts to drip out of the column, the collection
container is replaced with an empty one. In such manner
multiple different fractions containing different chemicals
are collected in separate containers.
In this part you will use Column Chromatography to separate different colourant from the given sample. Follow the
instructions:
Figure 8: Transferring the sample to the burette.
1.

The burette is already filled with silica gel and the eluent used in TLC analysis.
Place the organic waste container under the burette and use the tap to equalize
the levels of eluent and sand layer.

2.

Use the Pasteur pipette to transfer the whole colourant sample on the very top
of the sand layer. Pour the sample slowly down the burette wall and avoid disturbing the uniform sand layer (Fig. 8).
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3.

Carefully open the tap for the sample to soak. Close the tap immediately when
the whole sample is soaked into the sand layer.

4.

Use a new Pasteur pipette and pour a small amount of the eluent into the burette to wash down any remaining sample on the walls.

5.

Repeat step 3.

6.

Use the recent pipette to fill the burette with eluent slowly. Remembering not
to disturb the sand layer, fill the burette to the very top. When there is enough
eluent in the burette to avoid disturbing the sand layer, you can pour the remaining eluent directly from the flask using a funnel.

7.

Chromatography starts when the burette tap is opened. Observe the colourant
separation, but be aware – the top level of the eluent should not reach the sand
layer and do not let the sand layer get dry. Therefore, from time to time you will
need to add some more eluent to the burette.

8.

When the first colourant-containing fraction is about to flow from the burette,
replace the organic waste container with the measuring cylinder.

9.

Once the entire coloured fraction has been collected, place the organic waste
container back under the burette and cover the measuring cylinder with a slip
of paper. Write down the volume of the collected fraction on the answer sheet
(A.2.3.1).

10. When the fraction containing the second colourant starts to flow from the burette, again replace the organic waste container with another empty measuring
cylinder.
11. Close the burette tap after collecting the second fraction. Write down the volume of the collected fraction on the answer sheet (A.2.3.3). Stick the labels
“Isolated colourant” to both cylinders containing the collected solutions. They
will be used for marking.

A.2.3 Colourimetric analysis
Colourimetric analysis is a method for determining a concentration of a coloured
compound in a solution. In this task you will use your eyes as an analytical instrument to measure the intensity of the colour and thus deduce the quantities of your
previously separated colourants. Follow the instructions:
1.

If the volume of the colourant-containing solution in the cylinder is lower than
20 mL, pour in some eluent until the total volume is at least 20 mL.

2.

Take two cylinders out of their stands, the first with the colourant solution (labeled “Isolated colourant”) and the second is empty. Hold them both above a
sheet of white paper and while looking vertically from the top (Fig. 9), add the
standard solution of the same colour using a Pasteur pipette dropwise into the
empty cylinder until the colours in both cylinders are equal in colour intensity.
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3.

Continue increasing the volume of the standard solution in the second cylinder until you can see a difference in the intensity of colour in both cylinders.
Write down the volume Vmax of the standard solution
in the cylinder on the answer sheet (A.2.3.1).

4.

Pour the standard solution in the cylinder back into
its original container.

5.

It is recommended that you repeat the analysis with a
single colourant at least 3 times. If you find it hard to
notice the difference in colour intensities you can ask
your teammates for help.

6.

Repeat the analysis for the other colourant solution
and complete the table on the answer sheet in Task Figure 9: Colour comparison during colouriA.2.3.3.
metric analysis.
Calculate the amount of each colourant in the given
mixture using the law c1V1=c2V2 where, c – concentration (g/L), V – volume. The colourant concentrations of both standard solutions
are 0.10 g/L.

7.

Write your answers on the answer sheet in task A.2.3.2. and A.2.3.4.

A.2.4 Column Chromatography efficiency
The given figure represents chromatographic separation of two colourants. Eluted
mobile phase volume is plotted on the x axis and the y represents detector`s signal.
The retention volume VR is the volume of mobile phase passed through the column
between the start point and the peak maximum. The retention time tR of a solute is
taken as the elapsed time between the start time and the time of the peak maximum
of the solute elution. Theoretical plate N is the value which describes the efficiency
of column chromatography. W is the width of the peak base in mL. F is the volumetric mobile phase rate and in this particular case it is 1 mL/min.
Use the information given in Fig. 10 to calculate the N value (efficiency of the
column) for each colourant.
Write your answer on the answer sheet (A.2.4.1).
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Write down the volume Vmin of the standard solution in the cylinder on the
answer sheet (A.2.3.1).
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Detector signal
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w
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Eluted volume, mL
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Ni = 16 ·
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wi

12

13

14

15

16

2

Figure 10: Graph of column chromatography

Task A.3 – Amber density
The third task of the experiment will enable you to determine the value of amber using densities. Traditionally, Phoenician merchants valued pieces of amber according
to density. Firstly, you will have to measure the density distribution of amber. Later
you will determine the value of “Sun Stone” due to its density.

A.3.1 Density distribution of amber
Measure the range of the distribution of density of the amber pieces and draw a bar
chart to represent this distribution.
Material and equipment
• 25 mL measuring cylinder
• 10 mL pipette
of 13 % that
NaCl solution
It•is~1L
known
the density of NaCl
solution
• Pipette
bulb in water depends
• ~1L distilled water
• Spoon
on the NaCl concentration by mass
c (concentration by mass is
• 250 mL glassware
•
Percolator
the ratio of the mass of NaCl to the total mass of the solution,
• 50 mL measuring cylinder
• Tissue
• ~200 small pieces of amber

Experiment
(size 2 – 5 mm)

expressed as a percentage, %). This relation is shown in Fig. 11.
It is known that the density of NaCl solution in water depends on the NaCl concentration by mass c (concentration by mass is the ratio of the mass of NaCl to the total
mass of the solution, expressed as a percentage, %). This relation is shown in Fig. 11.
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Density of NaCl-solution (g/cm3)
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Figure 11: Approximate density of NaCl solution in water versus concentration by mass.
In order to determine the distribution of the density of the pieces of amber, it is
necessary to prepare different solutions of NaCl with known densities ρ (Table 3.1.)
and analyze the behavior of amber samples in the solution using Archimedes’ principle. These solutions can be made by mixing V1 (mL) of concentration by mass c1 =
13.0% NaCl solution (its density ρ1 = 1.100 g/cm3, see Fig. 11) with V0 (mL) amount
of distilled water. Recommended values of V0 are given in the 2nd column of Table
3.1. You will then calculate the corresponding V1.
Table 3.1. Example table for preparation of solutions of different densities
Density of
solution,
g/cm3 (r)

Recommended
volume
of distilled
water, mL (V0)

1.030

80

1.035

70

1.040

60

1.045

60

…

…

Volume of
NaCl 13%
solution,
mL (V1)

The percentage
The number
of newly surfaced
of newly
pieces of amber
surfaced
of the total
pieces of
number (%)
amber (n)

…

…

Use the following calculations to fill in Table 3.1 on the answer sheet (A.3.1.7)
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g
The density of distilled water is ρ0 = 1.000
and its concentration by mass is
cm3
c0 = 0.
Complete the following tasks on the answer sheet.
A.3.1.1 Write an expression for the total mass of NaCl mNaCl in the initial solution
(c1 = 13%) in terms of V1, ρ1, and c1 .
A.3.1.2 Write an expression for the mass of water mw in the same solution in terms of
V1, ρ1, and c1 .
A.3.1.3 Write an expression for the total mass m of mixed fluids of V1 and V0 in terms of
V0, V1, ρ0, and r1 .
A.3.1.4 Write an expression for the mass concentration c in mixed solution of fluids V1
and V0 in terms of V0, V1, ρ0, ρ1, and c1 .
A.3.1.5 What is the relation of the ratio V0 / V1 with c? Use ρ0, ρ1, and c1 .
A.3.1.6 What is the relation of the ratio V0 / V1 with ρ? In the final expression, use the
densities ρ0, ρ1, and r. Express V1 in terms of V0, ρ0, ρ1, and ρ.
Note: use the fact that density to a good approximation linearly depends on concentration, see Fig. 11.
Use the equation from Task A.3.1.6 to fill in the 3rd column of Table 3.1. on
the answer sheet.
A.3.1.7 Make the corresponding measurements: prepare solutions using the values calculated in Table 3.1. (solution with density ρ can be made by mixing V1 with V0 ),
stow all amber pieces into the solution (V0+V1) and count the number of newly
surfaced pieces of amber (n). Fill in the remaining columns in Table 3.1. The
newly surfaced pieces of amber should be placed on the tissue. Every next measurement should be done after having removed the batch of newly surfaced pieces
of amber. Repeat the experiment until you have completed Table 3.1.
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A.3.1.9 Of the investigated pieces of amber, determine the density interval within which
the number of the newly surfaced pieces of amber was the highest.
A.3.1.10 Assume that “Sun stone” is very close to a spherical shaped body with a diameter
equal to 18.50 cm and a weight of 3526.32 g. Calculate its volume and density.
A.3.1.11 According to the experiment, please, explain: “Why does amber found in the
sea usually have an irregular shape, compared to other stones which look more
rounded and polished?”

Task A.4 – “Sun Stone” evaluation catalogue
Phoenician historical papers prove that amber evaluation was a very precise, accurate and an important process. Firstly, mass and density were determined using ancient weighing techniques, then colour tone and colour intensity and, finally, price
was determined by the presence of inclusions.
Your task is to use the evaluation catalogue, based on the information presented
below, to determine how many swords, spears and arrows Lithuanian merchant
Gintaras would have received for “Sun Stone” in the Phoenician market.
• The main currency used was weapons: swords, spears and arrows.
• One sword was worth 10 spears or 100 arrows.
• Initial price was established based on the mass, then other factors were assessed
in the following order: colour tone, colour intensity, density and inclusions.
• The initial value was multiplied by a coefficient based on the referred properties.
• Red amber was twice as expensive as yellow amber (there is a linear correlation,
and the coefficient for pure red amber is 2).
• In addition, inclusions are evaluated in terms of their rarity: The rarer the type of
the inclusion in the piece of amber the more valuable it was.
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A.3.1.8 Draw a bar chart n(ρ) in percentage assuming that the 1st bar corresponds to
the density interval from 1.030 g/cm3 to 1.035 g/cm3, the 2nd bar corresponds to
the density interval from 1.035 g/cm3 to 1.040 g/cm3 and so on. The bar height
should be equal to the number of corresponding newly surfaced amber pieces
expressed as a percentage of the total number of amber pieces (the height of the
1st bar should correspond to the value in the cell of the last column in the 2nd
measurement data row of Table 3.1., the height of the 2nd bar should correspond
to the last column of the 3rd measurement data row and so on).
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A.4.1 Instructions for the determination of the value of amber
Complete the following tasks on the answer sheet.
A.4.1.1 Derive the formula for the initial amber value (in swords).
A.4.1.2 According to your result, obtained in Task A.2, calculate “Sun Stone” coefficient
value with regards to colour tone.
A.4.1.3 Assuming that the colorant mixture for Column Chromatography was obtained
from a 1 g sample of “Sun Stone”, calculate the coefficient value with regards to
colour intensity. You will need to use your data from Task A.2 and the data below.
A.4.1.4 What is the percentage value loss of the “Sun Stone” according to its density
distribution? Use the density value of the “Sun Stone” from Task A.3.1.10 and
find the corresponding percentage according to the density distribution in Table
3.1 of Task A.3.1.7 or the chart from Task A.3.1.8. This percentage would be the
reduction in the value of the “Sun Stone”.
A.4.1.5 It was found that “Sun Stone“ contains inclusion, the same that you determined
to be the most valuable in Task 1. Calculate what additional value (in swords,
spears and arrows) the most valuable inclusion adds to the total price.
A.4.1.6 Calculate the hypothetical value of “Sun Stone” in the Phoenician market (in
swords, spears and arrows).
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Task A

Amber – Answer sheet
Task A.1 – Identification of arthropods

(25 marks)

Plate Nr.

A.1.1.1 Use the given “Key to arthropods” to identify the samples in each plate.
5.6 marks

Write down the number from the key that corresponds to each step
(write numbers that you follow from the key, like 1, 28, 48 and so on)

1

1

2

10

13

13A

2

1

28

48

49

50

66

72

73

75

76

81

3

1

28

48

49

50

66

72

73

75

76

81

4

1

28

48

49

50

66

72

73

5

1

28

48

49

50

66

67

68

6

1

28

29

30
36

33
37

34
38

39

40

7

1

28

29

36

43

44

45

65

0.1 marks are given for every correct step
answer in the cell (except three last steps in
alternative way for the plate 6, so that
number of correct steps is equal for everyone)

A.1.1.2 Name the arthropod that you have identified in each plate. Write down the
name of the arthropod for each of the seven plates:
7 marks
Arthropods
from:

Name of the arthropod in Latin based on the key

Plate 1

Isopoda

Plate 2

Pollenia

Plate 3

Syrphidae
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Plate 4

Bibionidae

Plate 5

Trichoceridae

Plate 6

Trichoptera

Plate 7

Coleoptera
1 mark is given for every correct answer in the cell

7 marks

A.1.2.1 Indicate the correct character states (0 or 1).
Characters

Arthropods
from:

A

B

C

D

E

F

G

H

I

J

Plate 1

1

0

0

0

0

0

0

0

0

0

Plate 2

1

1

1

0

0

0

0

1

0

1

Plate 3

1

1

1

0

0

0

0

1

1

0

Plate 4

1

1

1

0

0

1

1

0

0

0

Plate 5

1

1

1

0

0

1

0

0

0

0

Plate 6

1

1

0

1

1

0

0

0

0

0

Plate 7

1

1

0

0

1

0

0

0

0

0

0.1 marks are given for every correct symbol in the cell, total 7 marks.

A.1.2.2 Put all the letters of characters (A to J) in appropriate places on the given tree (as
shown in the example in Fig. 5). Write the respective plate number (1–7) at the
end of each branch.
4.9 marks

1

7

6

5

4

2

3

G

J

I

D
F

H

E
C
B
A
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0.5 marks

A.1.2.3 The most expensive piece
Plate number:

1

Task A.2 – Colour and intensity of colour
measurements
(25 marks)
A.2.1.1 Calculate the volumes of petroleum ether and ethyl acetate needed to prepare 5
mL of the following eluents.
1 mark
v : v ratio (petroleum
ether : ethyl acetate)

Vpetroleum ether (mL)

Vethyl acetate (mL)

9:1

5.0 ∙ 0.9 mL = 4.5 mL

5.0 ∙ 0.1 mL = 0.5 mL

3:1

5.0 ∙ 0.75 mL = 3.75 mL

5.0 ∙ 0.25 mL = 1.25 mL

for each correct volume ratio: 0.5 marks

A.2.1.2 Calculate the Rf values for every spot in each of the TLC plate. Show your calculations.
2 marks
9:1

3:1

„Eluent“

R f (yellow)

R f = hspot/h
R f = 0.44

R f = hspot/h
R f = 0.58

R f = hspot/h
R f = 0.49

R f (red)

R f = hspot/h
R f = 0.20

R f = hspot/h
R f = 0.44

R f = hspot/h
R f = 0.28

All calculations shown: 1 mark; correct values: 1 mark.
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0.1 marks are given for every correct name (number) at the end of the branch (total 0.7 marks),
and 0.42 marks are given for every letter in correct place (total 4.2 marks).
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A.2.1.3 Finish the sketch of the TLC plate, which was developed using mobile phase from
the flask “Eluent“.
1 mark

yellow

red

Start

Finish
If Rf values in the sketch are equal to the ones calculated in Task A.2.1.2: 1 mark.

A.2.1.4 What is the concentration of ethyl acetate in the flask “Eluent”? (Name the
correct answer).
1 mark
a. 0 – 10%

b. 10 – 25%

c. 25 – 40%

d. 40 – 70%

e. 70 – 100%

b.

A.2.1.5 What are the minimum and maximum values for Rf ? (Name the correct answer).
1 mark
a. -∞; 0

b. -∞; 1

c. 0; 1

d. 0; +∞

e. -∞; +∞

c.

A.2.1.6 What is the most suitable eluent for separation of the mixture in thin layer
chromatography? (Name the correct answer)
1 mark
a. giving both Rf values as high as possible
b. giving both Rf values as low as possible
c. giving the sum of Rf values equal to 1
d. giving the highest difference between Rf values
e. giving the difference between Rf values smaller than 0.10
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7 marks

The effectiveness of colourant separation will be evaluated by the lab assistants with a
spectrophotometer. The marks for both colourants are given according to the scheme:
Mass of every seperated colourant each max. 3 marks

marks

3

0
2

1.8

1.4

mass, mg
No red colourant in the yellow solution: 0.5 marks
No yellow colourant in the red solution: 0.5 marks

3 marks

A.2.3.1 Complete the table.
Yellow colourant
Volume of collected fraction (from Task A.2.2)
Experiment
number

Vmin

Vmax

V1 =
V2 =

1
2
3
4
5
The value you choose to use in future calculations
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The volume V2 will be compared with the theoretical
volume Va calculated from spectrophotometric data.
The marks are given according to the scheme:

marks

3

0
1.4

1.1

1

0.9

0.6

V2 / Va

A.2.3.2 Calculate the quantity of the yellow colourant in the analyzed mixture in
milligrams.
1.5 marks
Calculations
Answer: myellow = V2 · 0.10 g L-1
Calculations with correct answer: 1 mark,
expression in milligrams: 0.5 marks.

3 marks

A.2.3.3 Complete the table.
Red colourant
Volume of collected fraction (from Task A.2.2)
Experiment
number

Vmax

Vmin

V1 =
V2 =

Vmax + Vmin
2

1
2
3
4
5
The value you choose to use in future calculations

V2 =

The volume V2 will be compared with the theoretical volume Va calculated from spectrophotometric data.
The marks are given according to the scheme followed in A.2.3.1.
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Calculations
Answer: mred = V2 · 0.10 g L-1
Calculations with correct answer: 1 mark,
expression in milligrams: 0.5 marks.

A.2.4.1. Use the given formulas and chromatographic results plotted in the given figure
to calculate N values. F is the volumetric mobile phase rate and it is 1 mL / min
under the current case.
2 marks

UV absorbance

VR1
VR2

w

w
0

1

2

3

4

5

6

7
8
9
10
Eluted volume, mL

VRi = tRi · F

Ni = 16 ·

11

tRi
wi

12

13

14

15

2

Calculations
From the graph: VR1 = 11.8 ± 0.1 mL; VR2= 7.0 ± 0.1 mL (0.25 each)
w1= 12.3 -11.4 = 0.9 ± 0.1 mL; w2= 7.3 -6.7 = 0.6 ± 0.1 mL (0.25 each)
F = 1,0 mL/min ( from the task)
Calculating tR: tR =

N1 = 16 x
N2 = 16 x

VR
F

11.8 ± 0.1

2

= 2200 – 3500

0.9 ± 0.1
7.0 ± 0.1
0.6 ± 0.1

; tR1 = 11.8 ± 0.1 min; tR2= 7.0 ± 0.1 min. (0.25 each)

2

= 1600 – 3200

Answer: N1= 2200 – 3500

(0.25 each)
N2= 1600 – 3200
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A.2.3.4. Calculate the quantity of the red colorant in the analyzed mixture in milligrams
1.5 marks
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Task A.3 – The density distribution of amber (25 marks)
1 mark

A.3.1.1 The total mass of NaCl in initial solution is (write the equation):
mNaCI = V1 ρ1 c1
A.3.1.2 The mass of water mw in initial NaCl solution (write the equation):

1 mark

mw = V1 ρ1 (1 - c1)
1 mark

A.3.1.3 The total mass of mixed solution of fluids is (write the equation):
m = V1 ρ1 + V0 ρ0
A.3.1.4 Mass concentration c in the mixed solution is (write the equation):
c=

mNaCI
m

=

V1 ρ1 c1
V1 ρ1 +V0 ρ

=

1 mark

ρ1 c1
ρ1 + ρ0

V0
V1

A.3.1.5 Ratio of volumes V0 and V1 as a function of c is (write the calculations):
2 marks
V0
V1

=

ρ1 ( c1 - c )
ρ 0c

3 marks

A.3.1.6 Ratio of volumes V0 and V1 as a function of r is:
We should realize that ρ = α c + ρ0 , here α is some constant.
Therefore c =

ρ - ρ0

V0

α

. Substitute this into the formula from A.3.1.5:

(ρ)=

ρ1 ( ρ1 - ρ )
ρ0 ( ρ - ρ0 )

2 marks

V 1 = V0

ρ0 ( ρ- ρ0 )
ρ1 ( ρ1 - ρ )

1 mark

V1
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Table 3.1.: Measurement data
Density
of solution
(g/cm3) (ρ)

Recommended volume
of distilled
water (mL)
(V0)

Volume of
NaCl 13.0 %
solution
(mL) (V1)

The number
of newly
surfaced
pieces of
amber (n)

The percentage of newly
surfaced
pieces of
amber of the
total number
(%)

1.030

80

31.2

0

0

1.035

70

34.3

2

0.9

1.04

60

36.4

3

1.4

1.045

60

44.6

6

2.8

1.050

50

45.5

8

3.8

1.055

50

55.6

10

4.7

1.060

40

54.5

28

13.2

1.065

40

67.5

57

26.9

1.070

30

63.6

31

14.6

1.075

30

81.8

20

9.4

1.080

20

72.7

21

9.9

1.085

15

77.3

12

5.7

1.090

10

81.8

10

4.7

1.095

5

86.4

4

1.9

1.100

0

50

0

0.0

Quantity of NaCl 13% solution: 0.1 marks is given for every correct value
calculated from task A.3.1.6., total – 1.5 marks
The number of newly surfaced pieces of amber: 0.1 marks are given for every correct value, total – 1.5 marks
The number of newly surfaced pieces of amber (in %): 0.1 marks
are given for every correct value, total – 1.5 marks
1 mark if the table is completed
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5.5 marks

A.3.1.7 Fill in the table with your data.
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5 marks

A.3.1.8 Bar chart
30

Percentage of amber pieces

25
20
15
10
5

95

00

5

-1

.1

90

.0
-1

0

09
1.

85

.0
-1

5

09
1.

80

.0

-1

0

08
1.

75

.0
-1

5

08

1.

70

.0
-1

0

07

07

1.

65

.0
-1

5
06

1.

60

.0
-1

0
06

1.

55

.0
-1

5

1.

50

.0
-1

0

05
1.

45

.0
-1

5

05
1.

40

.0
-1

0

1.

04

.0
-1

5

1.

03

04

.0

-1
1.

0

1.

03

<

1.

03

0

35

0

Density (g/cm3)

Draw axis: 1 mark.
Suitable size of the chart (3/4 of page): 1 mark.
Correct scale: 0.5 marks.
Correct values on the axis: 1.5 marks.
Both units on the axis: 1 mark.

A.3.1.9 The density interval of amber that corresponds to the highest number of newly
surfaced pieces of amber is:
1.5 marks
ρamber= (1.060 – 1.065) g cm-3
value read from graph 1 mark
correct unit 0.5 marks

A.3.1.10 The sphere shape “Sun Stone” has:
volume V =

4
π r 3 = 3315
3

3 marks

(1 mark )

[cm3] (0.5 marks)

density ρamber= m/V= 1.064 (1 mark )

[g/cm3] (0.5 marks)
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a. Amber is buoyant in salt water.
b. Amber is cut of the big piece.
c. The stones having considerably higher density are much heavier in water
in comparison to amber.
d. Stones are intensely etched in salt water while amber is not.
Answer:

c.

Task A.4 – “Sun Stone” evaluation catalogue (5 marks)
A.4.1.1 Derive the formula for initial amber value (in swords).

1 mark

Amber evaluation table according to mass
Mass of amber (g)

Initial amber value (swords, spears and arrows)

1g

1 arrow

5g

2 spears and 5 arrows

10 g

1 sword

15 g

2 swords, 2 spears and 5 arrows

Initial amber value (in swords):
The given data reads:
1 g – 1 arrow
5 g – 25 arrows
10 g – 100 arrows
15 g – 225 arrows
The amber value according to mass is therefore calculated by
m2 (arrows) or m2/100 (swords)
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A.3.1.11 According to the experiment, please explain: ‘Why does amber found in the
sea usually have an irregular shape, compared to other stones which look more
rounded and polished?’ Name the correct answer.
1 mark

EUSO 2012

A.4.1.2 According to the results, obtained in Task A.2, calculate “Sun Stone” coefficient
value with regard to colour tone, using the table below.
1 mark
Amber evaluation tables according to colour tone
Colour tone (mred/myellow)

Coefficient

∞

2.00

3

1.75

1

1.50

1/3

1.25

0

1.00

mred/myellow:

2 mg / 2 mg = 1

Coefficient: :

1.5

A.4.1.3 Assuming that the colorant mixture for Column Chromatography was obtained
from a 1 g sample of “Sun Stone”, calculate the coefficient value with regard to
colour intensity. You will need to use your data from Task A.2 and the data below.
1 mark
Colour intensity ((mred+myellow)/mamber)

Coeficient

0.0010

0.10

0.0025

0.25

0.0050

0.50

0.0075

0.75

0.0100

1.000

(mred+myellow)/mamber:

(0.002 + 0.002)/1 =0.004

Coefficient:

0.4
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Use the density value of the “Sun Stone” from Task A.3.1.10 and find the
corresponding percentage according to the density distribution in Table
A.3.1 of Task A.3.1.7 or the chart from Task A.3.1.8. This percentage would
be the reduction in the value of the “Sun Stone”.
(0.25 marks)
20% – 30 %
A.4.1.5 It was found that “Sun Stone“ contains inclusions, the same that you determined
to be the most valuable in Task A.1.2.3. Calculate what additional value (in
swords, spears and arrows) the most valuable inclusion adds to total price.
(0.25 marks)
Name of inclusion (from Task 1.2.3): Isopoda
Additional value in swords, spears and arrows:
131 swords, 1 spear and 2 arrows
Full points for using correct value from the table

Added value of amber according to the type of inclusion
Name of inclusion

Added value

1.

Coleoptera

5 swords

2.

Psocoptera

6 swords, 3 spears

3.

Aphidoidea

7 swords, 6 arrows

4.

Dolihopodidae

8 swords

5.

Trichoptera

10 swords, 5 spears and 5 arrows

6.

Lepidoptera

15 swords, 8 spears

7.

Simuliidae

17 swords, 6 arrows

8.

Hemiptera

20 swords, 9 arrows

9.

Trichoceridae

27 swords, 3 spears

10.

Orthoptera

30 swords, 5 spears and 7 arrows

11.

Empididae

35 swords, 6 spears and 1 arrow

12.

Ephemeroptera

41 swords, 2 spears and 2 arrows

13.

Culicidae

48 swords, 4 spears and 4 arrows
295

Amber

A.4.1.4 What is the percentage value loss of the “Sun Stone” according to its density distribution?
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14.

Bibionidae

52 swords, 1 spear and 7 arrows

15.

Mantodea

63 swords, 3 spears and 5 arrows

16.

Embioptera

68 swords

17.

Syrphidae

70 swords, 6 arrows

18.

Plecoptera

84 swords, 2 spears and 3 arrows

19.

Psychodidae

103 swords, 1 spear and 1 arrow

20.

Pollenia

120 swords, 9 spears and 7 arrows

21.

Chilopoda

121 swords, 3 spears and 4 arrows

22.

Strepsiptera

123 swords, 2 spears

23.

Siphonaptera

125 swords, 5 spears and 5 arrows

24.

Solpugida

128 swords, 6 arrows

25.

Isopoda

131 swords, 1 spear and 2 arrows

A.4.1.6 Calculate the hypothetical value of “Sun Stone” in the Phoenician market (in
swords, spears and arrows). Always use the value derived from previous row to
calculate the value in the next row. Show your calculations.
1.5 marks
Initial value of “Sun Stone”
according to mass

(3526.32)2 / 100 ≈ 124343 swords
≈ 1.24 · 105 swords = 1.24 · 107 arrows

Specified “Sun Stone” value
according to colour tone

1.24 · 105 swords · 1.5
≈ 1.87 · 105 swords = 1.87 · 107 arrows

Specified “Sun Stone” value
according to colour intensity

1.87 · 105 swords · 0.4
≈ 7.46 · 104 swords = 7.46 · 106 arrows

Specified “Sun Stone” value
according to its density

Take as reduction value from density data 27 %:
7.46 · 104 swords · 0.73
≈ 5.45 · 104 swords = 5.45 · 106 arrows

The final value of “Sun
Stone” taking into account
the additional value of
inclusion

(5.45 · 04 + 131.12) swords
≈ 5.46 · 104 swords = 5.46 · 106 arrows
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Task B

Space Exploration
Introduction
Ever since the first Moon landing in 1969 many kids from all over Europe have
wanted to participate in space exploration.
Every space mission requires huge
amounts of teamwork and cooperation. Now Europe has its own Space
Agency and is involved in research
in this field. Concerted efforts of
biologists, chemists, physicists and
collaboration with other specialists
from different countries contribute
to the success of space exploration.
In the year 2010, Lithuania signed
a Cooperation Agreement with the
European Space Agency. Bearing
this in mind, today’s experiment was
designed to show some perspective
areas of research in this field.
A modern spacecraft is a very complex system; it needs thousands of components to take off, land safely, collect data, perform experiments, and most importantly, sustain astronauts’ life. In addition, the weight of the spacecraft has
to be optimized so that it is not too heavy. Otherwise, the spacecraft will not
overcome gravity and fail to launch.
Today you will try to improve the essential component of each space mission –
the system for regenerating oxygen. Firstly, one person from your team will analyze the current system (a chemical air filter, containing peroxide salts). Meanwhile, your teammates will investigate a new, living air supply (algae). As you
know, algae produce oxygen through photosynthesis. You will need to measure
the rate of this process, its light requirements, and the amount of algae needed
to supply the whole crew with air. Finally, you will compare the two systems
and decide which is the more suitable for the expedition.
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Task B.1 – Light illumination characteristics
During photosynthesis oxygen is produced. This process, however, is affected by a
number of factors. One is illuminance (also known as illumination), which describes
the total luminous flux incident on a surface, per unit area. In SI derived units these
are measured in lux (lx).
In this task you will evaluate the light illuminance irradiating the biological system
at different distances between the light source and the object. In addition, you will
evaluate the incident light illuminance dependence on the incident angle.
Material and equipment
• 2 x cardboard boxes: the bigger
(longer) box is for shared use with
biologists; the smaller box is for
angle dependence measurements
• Protractor

• 2 x light source
(halogen bulb, 20 W)
• 2 x Connecting wires
• Photo resistor with holder
• Multimeter
• Ruler

B.1.1 Investigation of illuminance dependence on distance
Set up the experiment as shown in Fig. 1. Connect the wires to the multimeter. Use
the bigger (longer) box.

M

L
Ph

Figure 1: Experimental set-up system. L - Light source, Ph – Photo resistor with
holder, M – multimeter.
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Instructions
1. Connect the red test lead to “V Ω mA” jack and black test lead to the “COM” jack.
Ensure that the hold button on the multimeter is not pressed in and the display
does not show an “H” symbol. If the “H” symbol is displayed push the hold button.
Warning! Do not touch the halogen lamp during the experiment, it could be hot.

Illuminance

3. Move the photo resistor with the holder from the
light source and read the display. Note: You will need
to collect enough data to draw a valid graph.

Resistance

2. Set the rotary switch to the desired ”Ω” range position and read the LCD display.

4. Fill in the table in the answer sheet (Task B.1.1.1)
Distance
with the distances and resistance. Do not forget to
include the units of measurement.
Figure 2: Resistance of the
photo resistor (a) and light
5. Draw a graph showing the dependence between resis- illuminance (b) as a functance and the varying distances as in Fig. 2 (a) (B.1.1.2). tion of the distance.
6. Use the calibrating graph Fig. 3 to determine the corresponding values of light
illumination and fill in the corresponding column of the table in task B.1.1.1.
7. Draw the graphical dependence of illuminance on the distance in the same diagram as shown in Figure 2 (b).
Figure 3:
Calibrating
graph for determining the illuminance of the
light incident
on the photo
resistor from
its resistance.

60000
55000
50000
45000

Illuminance (lx)

40000
35000
30000
25000
20000
15000
10000
5000
0

50

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
Resistance ( Ω)
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Before starting measurements, check that the halogen lamp is plugged into the power socket. Once connected, place the photo resistor at a distance of 5 cm from the
face of the lamp. Measure the photo resistor resistance using the multimeter. Follow
the instructions below:

EUSO 2012
B.1.2 Investigation of light illuminance dependence on angle
Evaluate the incident light illuminance dependence on the incident angle. Use the
smaller sized box. Throughout task B.1.2, ensure that the photo resistor with holder
and the light source are fixed at the same distance. Please write in the answer sheet
the distance from the light source that you used. The illuminance can be measured
as a function of the incident light angle (the angle between the light propagation
direction and the perpendicular to the photo resistor plane) rotating the photo resistor holder (H) as shown in Fig. 4.
Ph
L

Ph

H

Figure 4: Experimental set-up for the light intensity measurement as a function of
incident angle. L – Light source, Ph – Photo resistor with holder, H – holder place
which should be used for rotation.
Use the protractor to measure the angle.
B.1.2.1 Fill in the table on the answer sheet with the angle, resistance and illuminance
values. Do not forget to include units of measurement.
B.1.2.2 Draw a graph showing the dependence of illuminance on the incident angle on
the graph paper found in your envelope. Label your graph clearly.
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B.1.3.1 Theoretically determine which function correctly describes the illuminance dependence on the incident angle and distance? Edenotes illuminance I is a constant,
r is the distance between the light source and the device, and α is the incident
angle. Assume that the light is from the point source. Circle the correct answer
on the answer sheet.
a) E = I · r · cos α
b) E =

I
cos α
r2

c) E =

I
sin α
r

d) E = I · r · sin α
e) E = I cos α
r

B.1.3.2 Are the values of illuminance significantly different when the box is closed or
open? Circle the correct answer on the answer sheet.
B.1.3.3 Circle the answer on the answer sheet that best explains the above phenomenon:
a. extra light is penetrating from the environment and is rather intense.
b. extra light penetrating from the environment is rather weak.
c. the photo resistor is directed to the halogen bulb light.
d. the photo resistor collects just the halogen bulb light.
B.1.3.4 Why is the climate different at various Earth latitudes? Circle the correct answer
on the answer sheet.
a. The radiation energy per unit area coming from the Sun is different due
to the change of incident angle at various latitudes.
b. Different points of the Earth are located at different distances from the
Sun.
c. The climate is different due to different types of energy reaching the surface of the Earth from its depth.
d. The climate is different due to various air and water streams.
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B.1.3 Implications for earth’s climate
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Task B.2 – Estimation of photosynthesis rate using
immobilised algae
Algae are plant-like microorganisms, which are able to turn sunlight into chemical
energy. Despite the fact that algae are small, large quantities together can produce
three quarters of all the oxygen in our atmosphere. With this in mind, this task will
investigate whether or not algae could be an efficient oxygen supplier for a spacecraft.
Material and equipment
• Culture (labelled “Algae”)
• Sodium alginate solution (labelled
“NaALG”)
• 100 mL 0.15 M calcium chloride
solution
• 100 mL 1 mM sodium hydrogen
carbonate solution
• 5 mL 0.5 M EDTA solution in a 15
mL plastic tube
• 100 mL beaker for calcium chloride solution
• 10 mL pipette for algae
• Pipette filling bulb
• Syringe (needleless, 10 mL volume)
for alginate and mixture
• Stirring rod
• 50 mL beaker for mixing algae and
alginate

• Tea strainer
• Petri dish for algae capsule storing
• Waste container
• 5x glass bottles with stoppers
(for photosynthesis reactions)
• Aluminum foil
• Cytometer and cover slips
• Tweezers
• Microscope
• pH meter
• 2x Plastic Pasteur pipettes
• Cardboard box (bigger in size)
• Tube rack
• Timing device

Preparation of immobilised algae
In order to estimate the rate of photosynthesis it is necessary to control the number
of cells in the experiment by immobilising unicellular organisms. Immobilisation
is easy to perform using sodium salt of alginic acid, which is a polysaccharide extracted from brown seaweed. Calcium ions non-covalently bind to adjacent alginate
chains and form a semi-solid gel. Cells or large molecules become trapped in the gel,
whereas small molecules can easily diffuse.
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1.

Take the 100mL beaker and pour 50
mL of 0.15M calcium chloride solution into it.

2.

Invert the tube with the algae several times to re-suspend the cells completely.

3.

In a 50 mL beaker prepare at least 6
mL of mixture containing equal volumes of algae and sodium alginate
solution. Use a syringe for alginate and
a 10 mL pipette for the algae.

4.

5.

Plunger

a
b
c
Using a stirring rod, mix thoroughly
for even distribution of the cells in the Figure 5: Schematic diagram of a
solution.
syringe
Use the syringe to draw in the mixture
into a 10 mL syringe (refer to Fig. 5a
and Fig. 5b).

Follow the instructions below very carefully: if you fail during this step, you may ask for
additional algae or alginate, but you will receive a penalty of 5 marks!
6.

Hold the syringe approximately 10 cm
above the beaker with calcium chloride solution. Take the plunger out of
the syringe (see Fig.5c). You will observe the mixture of sodium alginate
drip slowly into the CaCl2 solution.
You will then observe the formation
of small green capsules that will float
in the solution. Leave the capsules in
the calcium chloride solution for an
additional 10 minutes.

Distilled water
Tea strainer with
capsules

Waste

7.

Collect the capsules using the tea
strainer and wash them with distilled Figure 6: Scheme depicting capsule
water (perform both actions over the washing over the waste container.
shared waste container, as shown in
Fig. 6). Place the capsules into a Petri
dish and cover with distilled water.

8.

Out of the large number of capsules you have obtained, take at least 65 equalsized capsules for the following experiments. To get accurate results, use only
spherical, equally sized capsules without air bubbles. Keep them in water until
you are prepared for Task B.2.1.
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Procedure for preparing the capsules of immobilised Chlorella sp.(algae)
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The light source
To avoid the sunlight interfering with your results, you are going to perform the
experiment in a big cardboard box. Make sure you plan the experiment with your
physics colleagues because they will also need to use the same box for their experiment. Throughout the experiments, the box must remain on the table!
The light source has already been set up for you.
Caution
Risk of burns and electric shock. DO NOT touch the bulb,
as it becomes hot during use. DO NOT touch any wires or
sources of electricity. Take extreme care handling reagents
and solutions near sources of electricity, wires and the bulb.
In case of an emergency, call a lab assistant immediately!

B.2.1 Estimating the rate of photosynthesis
Algal cells exposed to light will perform photosynthesis, because Chlorella sp. cells
have chlorophyll containing chloroplasts. You will need to measure the pH change
of the bicarbonate solution to estimate the rate of oxygen regeneration. Assume
that the only sources of inorganic carbon for the cells are the bicarbonate ions in
the solution. Follow the instructions below:
1.

Select 50 capsules from your petri dish that are equal in size and evenly distribute them into 5 glass bottles (10 capsules into each bottle).

2.

Label the bottles A, B, C, D and 0.

3.

Fill each bottle with 4.0 mL of bicarbonate solution using a Pasteur pipette.
Make sure that there are no air bubbles in the capsules at the bottom of the
bottle. Stopper each bottle very gently – thin glass walls are prone to breaking!

Tick ¨ the box(es) on the answer sheet that would indicate the appropriate placement
for the control tube. (B.2.1.1.).
4.

Use bottle “0” as the control; apply the adequate conditions you determined in
task B.2.1.1.

5.

Put the bottles A–D in the box. Use the distances (measured from the light
source, as shown) and placement scheme provided in Fig. 7.
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Distance from light source to sample

A
Position

A

Distance (m) 0.05

B

C

D

B

C

D

0.20

0.40

0.90

Figure 7: Correct placement of the bottles in the box. Distances to the light source
(measured from the light source) shown below.
6.

Switch the light source on and leave your samples for 30 minutes. However,
when 15 minutes have elapsed, you will need to invert each tube once to mix
the solution inside. Use the timing device as a normal clock - do not push any
of the buttons on the device.

We strongly recommend proceeding to Task B.2.2 while waiting.
7.

After 30 minutes measure the pH of each of the solutions A–D and 0 using the
pH meter. Measure the pH of the initial bicarbonate solution in order to estimate the pH change in the tubes. Refer to the operating manual for the usage
of the pH meter.

Fill in the table on the answer sheet (B.2.1.2.) with the measured pH values.
Write chemical equations for this experiment (B.2.1.3.) on the answer sheet.
Calculate the change in H3O+(aq) concentration (B.2.1.4.) and calculate the maximum possible yield of oxygen per tube (B.2.1.5.) on the answer sheet.

B.2.2 Calculating the algal cells in the capsules
Like most cells, the majority of unicellular algae are too small to be seen with the
naked eye. In order to estimate the number of such organisms, special cell counting
chambers (cytometers) will be used. These counting cells are simple devices that resemble a microscopy slide. There are two identical 0.1 mm depth wells with special
ruling in between that can be seen under the microscope (see Fig. 8).
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Load
cell
suspension

1mm

A

Coverslip

A

1mm

Grid

50 50 50 50

200 µm

1mm

Figure 8: Cytometer lines. Rulings cover 9 square millimeters. Boundary lines of the
ruling are the centre lines of the groups of three. The central square millimeter is ruled
into 16 groups of 16 small squares, each group separated by triple lines, the middle
one of which is the boundary. The ruled surface is 0.10mm below the cover slip.
Procedure
1.

Add 10 of the capsules prepared at the beginning of task B.2 into the plastic 15
mL tube containing 5 mL EDTA.

2.

Estimate the final volume and calculate the average volume of a capsule.
Write your answer on the answer sheet (B.2.2.1).

3.

Stopper the tube. Shake the tube until all the capsules are dissolved. This will
take a while.

4.

Drop of the sample
Breathe on the surface of the cytometer and place the cover slip on
the edge of the cytometer as shown
in Fig. 9. With your two thumbs
firmly, but carefully, push down on
the cover slip and slide it forward
so that it is now placed in the centre
of the cytometer. Once the cover
slip is in position you should be able Cover slip
to see diffraction rings. If these are
not present try again. Use a pipette
to put a drop of your sample in the Figure 9: Preparation of the cytometer
groove as shown in the picture.

5.

Load both sides of the cytometer with the cell suspension using a Pasteur pipette, covering both counting grids. Observe under a microscope.

6.

Locate the central square. Count the number of cells in one group of 16 small
squares. Cells that lie on the triple boundary line should be excluded from the
count.
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Repeat Step 6 four more times, that is, count the number of cells in 4 more
groups. To get accurate results, you should choose 5 groups from various places
on the cytometer, not 5 groups next to each other.

8.

Divide the total number of cells counted by 5, to get the average number of
cells per group (B.2.2.2).

Calculate the number of cells per 1 mL of the suspension (B.2.2.3) and average number of
cells per capsule (B.2.2.4) on the answer sheet.
Assuming that one Chlorella cell has a mass of 1.25 ng on average, calculate the mass of
algal cells in 10 algae capsules (B.2.2.5) and write your answer on the answer sheet. Use
the data about the number of cells obtained in the experiment.

Task B.3 – Chemical air filter capacity
In order to supply astronauts with fresh and clean air during space missions, engineers have had to install huge oxygen tanks and carbon dioxide filters in the spacecraft. However, there is a problem: both oxygen tanks and CO2 filters take up a lot
of valuable space and are really heavy. Therefore, scientists have come up with a
solution: they have developed an air filter which can clean the air from CO2 and
supply astronauts with oxygen. The active component of these filters consists of a
mixture of sodium peroxide Na2O2 and activated charcoal. Sodium peroxide reacts
with CO2 to yield Na2CO3 and O2, as you can see from the reaction equation below:
2Na2O2 + 2CO2

2Na2CO3 + O2 .

When sodium peroxide is completely depleted, sodium carbonate reacts with water
vapor and carbon dioxide, without the production of oxygen:
Na2CO3 + CO2 + H2O

2NaHCO3 .

Chemical filters are blocks of capsules containing active components – sodium peroxide mixed with charcoal. You have been given the contents of one of these capsules. Your sample is from a used space station air filter, so it contains sodium carbonate, sodium hydrogen carbonate and charcoal.
Your task is to determine the amount of carbon dioxide that was absorbed by your
active component sample and calculate the amount of oxygen that was produced
by your sample.
Atomic masses for your calculations:
Ar(H)=1.0; Ar(C)=12.0; Ar(O)=16.0; Ar(Na)=23.0; Ar(Cl)=35.5;
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B.3.1 Standardization of hydrochloric acid
Material and equipment
• Bottle with HCl(aq) of unknown
concentration
• Burette
• Stand with clamps
• 2 different size funnels
• 100 mL volumetric flask
• 10 mL volumetric pipette
• 4 × Pasteur pipette
• 2 × 200 mL Erlenmeyer flask
• 100 mL Erlenmeyer flask
• 3 × small plastic tubes with
Na2CO3 (mass is shown on label)
• Glass rod

• Dropper with phenolphthalein
indicator
• Dropper with methyl orange
indicator
• Bottle with distilled water
• Waste container labeled “Waste“
• Filter paper in zip bag
• Pipette filling bulb
• 100 mL beaker
• 50mL measuring cylinder
• Small piece of white paper
• Plastic container labeled “Air filter
sample”

Experimental procedure
In order to work with your air filter active component sample, you must first determine the concentration of the HCl solution that has been given to you. In order to
do this you will need to follow these instructions:
1.

You have received 3 small plastic tubes each with slightly different amount of
Na2CO3. First you need to pour the Na2CO3 from one of the plastic test tubes
into an Erlenmeyer flask. Be sure to transfer all the Na2CO3 from the tube to
the flask.

2.

Add about 30 mL of distilled water, stir the flask in hand in order to dissolve
the carbonate.

3.

When carbonate dissolves completely, add 2-3 drops of methyl orange.

4.

Fill your burette with HCl solution of an unknown concentration.

5.

Before you start the titration, prepare a colour standard for methyl orange. This
colour standard will help you qualitatively indicate the endpoint of your titration. To do this, take a 100 mL Erlenmeyer flask, add 30 mL of water, 2-3 drops
of methyl orange and 1 drop of HCl solution using a Pasteur pipette. Now you
can see the colour of the solution, which has been over-titrated by one drop
of HCl.

6.

Titrate Na2CO3 solution until the solution changes colour from yellow to orange. Always place a piece of white paper under the flask to be titrated. This
will help you see the colour change at the endpoint more clearly.
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Repeat titration as many times as necessary. Ask for additional samples if required.

Write down your titration results on the answer sheet task B.3.1.1.
Calculate the concentration of the HCl solution (mol/L) (B.3.1.2).

B.3.2 Determining the amount of Na2CO3 and NaHCO3 in the
sample
Carbonate ions react with hydrogen ions in two steps. This can be clearly seen in the
so-called titration curve (Fig. 10), which shows how the pH of a carbonate solution
changes over the course of adding a solution of hydrochloric acid. In Fig. 10, zones
of gradual and rapid decrease of pH can be seen over the course of the titration. In
the beginning, a carbonate ion combines with a hydrogen ion (1):
H+ + CO32-

HCO3-

(1)

During this reaction, pH will slowly decrease until the endpoint of this reaction is
approached. As you get closer to the endpoint the pH will change rapidly. The first
zone of rapid pH decrease shows that carbonate ions are depleted and reaction 1 is
finished. After that reaction 2 starts:
HCO3- + H+

H2CO3

(2)

The end of reaction 2 coincides with the second zone of rapid decrease of pH. So
the two zones of fast decrease of pH show the corresponding endpoints of reactions
1 and 2.
Indicators used for titrimetric analysis change their colour within a certain pH range.
For our experiment phenolphthalein and methyl orange indicators were chosen,
respectively. The phenolphthalein indicator changes colour from pink to colourless
at a pH range from 10 to 8. This indicates the endpoint of reaction 1. The methyl
orange indicator changes colour, from yellow to orange, at a pH range from 5 to 3
indicating the endpoint of reaction 2.
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pH
14
pH = 11.34

pH = 8.31
7

pH = 4.03

0

V1

V2

Volume of HCI

Figure 10: Carbonate ion titration curve showing the pH range at which the two
indicators will change colour.
Experimental Procedure
Now that you have determined the concentration of your HCl solution you can
begin the investigation of the air filter sample. In order to do so you need to follow
these instructions:
1.

First you need to extract soluble sodium carbonate and sodium hydrogen carbonate from the air filter sample. Put your sample into the beaker and add
approximately 30 mL of distilled water. Stir your mixture with a glass rod for
approximately 15–20 minutes until all of the soluble compounds are dissolved.

2.

Prepare the funnel and filter paper for filtration. Pour your mixture into the
funnel using the glass rod and collect the filtrate in an Erlenmeyer flask. In order to extract all soluble carbonates, wash the insoluble residue in your filter by
pouring additional portions of distilled water. Before adding a new portion of
water, wait until the liquid stops dripping from the funnel.

3.

Transfer your filtrate from the Erlenmeyer flask into a 100 mL volumetric flask.
After that, carefully add the necessary amount of distilled water to fill the volumetric flask to the 100.0 mL calibration mark. Be careful: add the last portion
of water drop by drop.

4.

By using a volumetric pipette, (shown in Fig. 11) transfer 10.00 mL of your
solution from the volumetric flask into a clean Erlenmeyer flask. Add about 25
mL of distilled water and 2–3 drops of phenolphthalein indicator.
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10

Figure 11: Volumetric Pipette.
Note: Your volumetric pipette has two calibration marks. Stop delivering solution at the
second mark to measure out exact volumes. Do not let run out all the solution.
5.

Fill up your burette with HCl solution and titrate your diluted sample solution
until the pink colour disappears. This is your first endpoint of the titration.

Write down this titration result on the answer sheet (Task B.3.2.1).
6.

Now add 2–3 drops of methyl orange indicator to the same solution in your Erlenmeyer flask and continue titrating until the yellow colour changes to orange.
This is the second endpoint of your titration.

7.

Repeat titrations as many times as you feel necessary.

Write down these titration results on the answer sheet (Task B.3.2.1).
Using data from your titrations complete the following tasks and write your answers on
the answer sheets:
B.3.2.1 Calculate the average volume used for the first and second endpoints.
B.3.2.2 Calculate the amount of moles of Na2CO3 and the amount of moles of NaHCO3
that were in your air filter sample.
B.3.2.3 Calculate the mass of CO2 which your sample has absorbed.
B.3.2.4 Calculate the mass of O2 which your sample has produced.
B.3.2.5 Calculate the original mass of the active component (80% sodium peroxide and
20% charcoal by mass) of the air filter before its use.
B.3.2.6 Calculate the mass of O2 that can be produced by 1.0 kg of active component that
consists of 80% sodium peroxide and 20% charcoal by mass.
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B.3.2.7 Which one of these compounds can also be used as an oxygen regenerator?
a) Na2O

b) NaO2

c) Na2C2O4

d) NaH

B.3.2.8. The air on Earth contains differing amounts of various noble gases. Which of the
following noble gases is the most abundant in the air? Circle the correct answer
on the answer sheet.
a) He

b) Ne

c) Ar

d) Kr

e) Xe

f ) Rn

B.3.2.9 Which one of the following statements is not true?
a) Oxygen exists in the Earth’s atmosphere as a mixture of allotropes.
b) Oxygen chemically combines with almost all elements.
c) Oxygen is the most abundant element in the Earth’s crust.
d) Oxygen is the most abundant element in the Earth’s atmosphere.
B.3.2.10 Which of the following is not a common use of carbon dioxide?
a) a fire extinguisher.
b) a beverage ingredient.
c) a refrigerant.
d) an ingredient of toothpaste.

Task B.4 – Oxygen supply sources for the Space
Mission
A research expedition to the International Space Station (ISS) is being planned. The ISS
volume is 855 m3. The crew will consist of 5 members and they will work for 1 year.
There are two available systems that can be used for oxygen regeneration; chemical and biological. As previously mentioned in the introduction mass becomes the
crucial factor in determining which system is more optimal. Hence, the module that
weighs less will be chosen.
The chemical filter is produced in blocks. Each block contains 1000 capsules and a
metal compartment. Each capsule contains a certain mass of active component (sodium peroxide and charcoal) and passive components (capsule walls).
Write your answers to the following questions on the answer sheet:
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B.4.0.1 According to NASA, one person consumes 0.84 kg of oxygen per 24 hours. Calculate the total mass of oxygen that will be consumed during this expedition.

B.4.1 Chemical filters
B.4.1.1 Calculate the mass of active chemical filter component required for the expedition.
B.4.1.2 Calculate the number of capsules required for the expedition.
B.4.1.3 Calculate the number of blocks required for the expedition.
B.4.1.4 Calculate the final mass of a chemical oxygen regeneration system required for an
expedition if the mass of one block were 3.0 kg.

B.4.2 Biological oxygen supply system
Even though you have measured both oxygen production and illuminance, real spaceship conditions cannot be simulated. Therefore, a hypothetical scenario will be used to
determine the optimal oxygen source for our space mission.
B.4.2.1 Draw a linear graph of the mass of oxygen produced by one algae tube within 30
minutes vs. illuminance. Use the values from tasks B.2.1.5 and B.1.1.
B.4.2.2 Estimate the mass of oxygen produced per tube and per 30 minutes, if the illuminance
equals 20 000 lx. Mark this point on the graph.
B.4.2.3 Calculate the mass of algae required for the team to survive, using your data from tasks.
B.4.2.4 The mass of algae makes up only 5% of the biological oxygen regeneration system. The
remaining mass comes from various support systems. What is the total mass of such
biological oxygen regeneration system?
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B.4.3 Comparison of the two systems
B.4.3.1 In the table on the answer sheet decide which of the components are required for each
oxygen regeneration system. Mark with a “C” for the inclusion of the component in
the chemistry oxygen regeneration system, “B” for the inclusion of the component in
the biology oxygen regeneration system, and “N” if not required in either system.
B.4.3.1 Discuss the results with your teammates and decide which of the two systems is more
suitable for the expedition. Circle the correct answer on the answer sheet.
a) Chemical

b) Biological.
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Task B

Space Exploration – Answer sheet
Task B.1 – Light illumination characteristics
(24 marks)
5.5 marks

B.1.1.1 Fill in the following table:
Distance ( cm )

Resistance ( Ω )

Illuminance ( lx )

5

50

> 63000

10

70

47000

15

97

26000

20

141

13500

25

185

8400

30

218

6200

35

256

4700

40

295

3500

45

333

2900

50

369

2400

55

403

2000

60

437

1800

65

477

1400

70

508

1200

75

541

1100

80

574

1000

85

615

900

90

660

800

performed 5–10 measurements 1 mark
suitable range and spacing of distances 1 mark
correct measurement mode of multimeter 1 mark
illuminance values correctly determined from calibration graph 1 mark
correct units of measurement (0.5 marks each) 1.5 marks
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B.1.1.2 Draw a graph showing the dependence between resistance and the varying distances as in Fig. 2 (a) and the dependence of illuminance on the distance as
shown in Figure 2 (b) in the same diagram. Label your graph clearly. 6 marks

60000

700

600

50000

500

30000
300
Resistance
20000

Illuminance

200

10000

100

0

Illuminance (lx)

Resistance ( )

40000
400

0

10

20

30

40

50

60

70

80

90

0
100

Distance (cm)

suitable size and scale 1.5 marks
axis units 1.5 marks
correctly drawn data and interpolating curves 2 mark
different symbols used for curves 1 mark

B.1.2.1 Fill in the following table for the illuminance’s dependence on the angle.
6.5 marks
The distance used is 8.5 cm
Angle ( ° )

Resistance ( Ω )
0
5
10
15
20
25
30

74.7
76.5
77.7
77.9
78.7
79.4
80.5
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41000
40800
40200
39500
37500
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82.5
84.8
88.1
90.8
96.6
100.8
107.2
112.2
127.5
148.3
161.9
178.6
217
258
362
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35
40
45
50
55
58
62
66
70
74
77
81
83
87
90

36000
34000
32500
30000
27000
25000
22500
20500
16500
12000
10200
8800
6000
4700
2400

measurement range spans 0° – 90° 2 marks
performed 15–25 measurements 1 mark
suitable spacing of angles 1 mark
correct measurement mode of multimeter 0.5 marks
illuminance values correctly determined from calibration graph 0.5 marks
correct units of measurement (0.5 marks each) 1.5 marks

B.1.2.2 Draw a graph showing the dependence of illuminance on the incident angle.
Label your graph clearly.
3 marks
45000
40000
35000

Illuminance (lx)

30000
25000
20000
15000
10000
5000
0

0

10

20

30

40

50

Angle (°)
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B.1.3.1 Theoretically determine which function correctly describes the illuminance dependence on the incident angle and distance? E denotes illuminance I is a constant,
r is the distance between the light source and the device, and α is the incident
angle. Assume that the light is from the point source. Write down the letter corresponding to the right answer.
1 mark
a) E = I · r · cos α
b) E =

I
cos α
r2

c) E =

I
sin α
r

Answer:

d)

E = I · r · sin α

e)

E=

I
cos α
r

b)

B.1.3.2 Are the values of illuminance significantly different when the box is closed or
open? Tick the correct answer:
0.5 marks
Yes ¨
No ¨
B.1.3.3 Circle the answer that best explains the above phenomenon;
a)

0.5 marks

Extra light is penetrating from the environment and is rather intense.

b) Extra light penetrating from the environment is rather weak.
c)

The photo resistor is directed to the halogen bulb light.

d) The photo resistor collects just the halogen bulb light.
Answer:

b)

B.1.3.4 Why is the climate different at various Earth latitudes?

1 mark

a)

The radiation energy coming from the Sun is different due to the change of
incident angle at various latitudes.

b)

Different points of the Earth are located at different distances from the Sun.

c)

The climate is different due to different types of energy reaching the surface
of the Earth from its depth.

d) The climate is different due to various air and water streams.
Answer:

a)
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B.2.1.1. Tick ¨ the box(es) that would indicate the appropriate placement for the control
bottle to provide valid results.
¨ exposed to daylight
¨ exposed to light as the tube nearest to the light source in the box
¨ bottle wrapped with aluminium foil
¨ bottle kept without stopper

10 marks

B.2.1.2 Fill in the table with the measured pH-values.

Tube label

A

B

C

D

0

Initial pH

Distance (m)

0.05

0.20

0.40

0.90

-

-

pH

8.2±0.3

7.9±0.2

7.6±0.1

7.5±0.1

7.3±0.2

7.2±0.1

measurements for all tubes A to D (1 mark each) 4 marks
measurement of pH-value of the control tube 1 mark
measurement of initial pH 1 mark
values in increasing order from A to D 4 marks

2 marks

B.2.1.3 Write balanced chemical equations for

A. the process where glucose is formed from inorganic substances and light
6CO2 + 6H2O

light

C6H2O6 + 6O2

1 mark

B. the process that was responsible for pH change in bicarbonate solutions A-D
HCO3-

CO2 + OH - (sum of proceses)
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Task B.2 – Estimation of photosynthesis rate using
the immobilised algae
(24 marks)
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B.2.1.4 Calculate the concentrations of H+(aq.) ions and the change in the amount of hydronium ions during the 30 minutes of exposure to the light (provide calculations
in the box below the table).
3 marks
Tube label
Initial c(H3O+)
(at t = 0)

A

B

C

D

6.3 · 10-8 mol L-1

6.3 · 10-8 mol L-1

6.3 · 10-8 mol L-1

6.3 · 10-8 mol L-1

final c(H3O+)
6.3 · 10-9 mol L-1
(at t = 30 min)

1.3 · 10-8 mol L-1

2.5 · 10-8 mol L-1

3.2 · 10-8 mol L-1

Δ c(H3O+)

-5.7 · 10-8 mol L-1

-5.0 · 10-8 mol L-1

-3.8 · 10-8 mol L-1

-3.1 · 10-8 mol L-1

Δ n(H3O+)

-2.3 · 10-10 mol

-2.0 · 10-10 mol

-1.5 · 10-10 mol

-1.2 · 10-10 mol

Calculations:
c(H3O+) = 10-pH mol L-1

n(H3O+) = c(H3O+) · V,
where V = 0.0040 L denotes the volume of bicarbonate solution added
to each bottle
initial H+ concentration 0.2 marks
final H concentrations (0.2 marks each) 0.8 marks
calculation of Δc(H3O+) (0.25 marks each) 1.0 marks
calculation of Δn(H3O+) (0.25 marks each) 1.0 marks
(deduce 0.125 marks each for incorrect formula and 0.05 each for incorrect unit)
+

B.2.1.5 Assuming that all the change in pH was caused only by photosynthesis, calculate
the maximum possible yield of oxygen per tube.
2 marks
Tube label

A

B

C

D

n (oxygen) in mol

2.3 · 10

2.0 · 10

1.5 · 10

1.2 · 10-10

m (oxygen) in mg

7.4 · 10-6

6.4 · 10-6

4.8 · 10-6

3.8 · 10-6

-10

-10

-10

using m(oxygen) = n(oxygen) · 32 g mol-1 1 mark
calculation of values (0.25 marks each) 1 mark
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V(initial) = 5mL
V(after additional capsules) = 5.25 mL
Volume of one capsule =

(V(after adding capsules) – V(initial))
= 25 μL
10

B.2.2.2 Write down the number of cells in the groups and the average value for this
number.
1 mark
Group

1

2

3

4

5

average

No. of cells

28

34

25

33

31

30.2

Numbers for 5 groups 0.5 marks
calculation of average 0.5 marks

B.2.2.3 Calculate the number of Chlorella cells in 1 mL of suspension assuming that the
volume of one 16-square group is 0.004 mm3. Show your calculations.
1 mark
Average number of cells in group = 30.2
Number of cells in 1 mL suspension =

30.2 · 1 mL
4 · 10-6 mL

= 7.6 · 106
use of correct formula 0.5 marks
result 0.5 marks

B.2.2.4 Calculate the average number of cells per capsule. Show your calculations.
1 mark
Number of cells per capsule
Volume of suspension from B.2.2.1 (in mL) · Answer from B.2.2.3
No. of capsules
5.25 mL · 7.6 · 106 mL-1
=
10

=

= 4.0 · 106
use of correct formula 0.5 marks
result 0.5 marks
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B.2.2.5 Assuming that one Chlorella cell weighs 1.25 ng on average, calculate the mass
(in g) of algal cells in each tube (10 capsules). Use the data about the number of
cells in the experiment obtained from task B.2.2.3. Show your calculations.
2 marks
Mass of cells in each tube =
= 10 · Answer from B.2.2.4 · 1.25 ng
= 0.050 g
correct unit transformation 1 mark
result 1 mark

Task B.3 – Chemical air filter capacity

(24 marks)
4 marks

B.3.1.1 Write down your titration results.
Titration number

Mass of Na2CO3 in g

Volume of HCl, mL

1
2
3

0.121
0.169
0.219

10.65
15.15
18.90

4.5
4.0
3.5

marks

3.0
2.5
2.0
1.5
1.0
0.5
0.0

82

84

86

88

90

92

94

96

ratio V / m in mL/g

Points distribution for the HCl solution standardization results.
Because samples of sodium carbonate differ in mass, V to m ratio will be calculated from students results.
Only the best result will be evaluated.
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Data used for calculations:
Mass of Na2CO3: m(Na2CO3) = 0.169 g and thus
0.169 g

n(Na2CO3) =

106 g / mol-1

= 1.59 · 10-3 mol

Volume of HCL: V(HCl) = 15.15 mL
From the reaction equation
Na2CO3 + 2HCl

NaCl + H2O + CO2

we can determine the amount of substance for HCl
n(HCl) = 2 · n(Na2CO3) = 3.19 · 10-3 mol
The concentration is therefore
c(HCl) =

n(HCl)
V(HCl)

= 0.210 mol L-1

calculation of n(Na2CO3 ) 0.5 marks
calculation of result 0.5 marks

10 marks

B.3.2.1 Write your titration results.
Titration number

V1(first endpoint according
to phenolphthalein) in mL

V2(second endpoint according
to methyl orange) in mL

1
2
3

4.70
4.95
4.90

16.05
16.05
15.90

Average volume
that will be used
in calculations

4.85 mL

16.00 mL

The average result will be evaluated according to the following graph.
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1 mark

B.3.1.2 Calculate concentration of HCl.

5.0

5.0

4.0

4.0

marks

marks
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3.0

3.0

2.0

2.0

1.0

1.0

0.0

4

4.5

5

5.5

6

0.0
15

15.5

V / mL

16

16.5

17

V / mL

Distribution of marks for the first endpoint
determination.

Distribution of marks for the second endpoint determination.

B.3.2.2 Calculate the amount of moles of Na2CO3 and the amount of moles of NaHCO3 in
your sample.
2 marks
Calculations:
H+ + CO23
HCO3- + H+

HCO3-

(1)

H2CO3

(2)

From (1):
n(CO 32- ) = c(HCl) · V1 = 0.00485 L · 0.213

mol
L

= 0 · 001 mol

From (2):
n(HCO3- ) = c(HCl) · V2 - 2 · n(CO 32- ) = 0.016 L · 0.213
= 0.0014 mol
0.0010 moles CO 2in 10 mL
3
0.0014 moles HCO3 in 10 mL
X moles CO 2in 100mL
3
X = 0.010 mol

mol
L

0.5 marks

- 2 · 0.0010 mol
1 mark

Y moles HCO3- in 100 mL
Y = 0.014 mols

n(CO 32- ) = n(Na2CO3) = 0.010 mol
n(HCO3- ) = n(NaHCO3) = 0.014 mol
n(Na2CO3) = 0.01 mol

n(NaHCO3) = 0.014 mol
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1.5 marks

Calculations:
2Na2O2 + 2CO2

2Na2CO3 + O2

Moles of CO2 absorbed by Na2O2: n(CO2) = n(Na2CO3) = 0.010 mol

0.5 marks

2Na2O2 + 4CO2 + 2H2O
4NaHCO3 + O2
Moles of CO2 absorbed by NaHCO3: n(CO2) = n(NaHCO3) = 0.014 mol 0.5 marks
Total moles of CO2 absorbed by filter:
Total mass of CO2 absorbed:
m(CO2) = 1.1 g

n(CO2) = 0.010 + 0.014 = 0.024 mol

m(CO2) = n · M = 1.1 g
0.5 marks

B.3.2.4 Calculate the weight of O2 which your sample has produced.

1 mark

Calculations:
2Na2O2 + 2CO2
2Na2CO3 + O2
n(O2 ) = 0.5 · n(Na2CO3 ) = 0.0050 mol
2Na2O2 + 4CO2 + 2H2O
4NaHCO3+O2
n(O2 ) = 0.25 · n(NaHCO3) = 0.0035 mol
m(O2 ) = n · M = (0.005 + 0.0035) · 32 = 0.27 g
m(O2 ) = 0.27 g

0.5 marks
0.5 marks

B.3.2.5 Calculate the original mass of the active component (80 % sodium peroxide and
20 % charcoal by mass) of the air filter before its use.
1.5 marks
Calculations:
n1(Na2O2) = n(Na2CO3) = 0.010 mol
n2(Na2O2) =

1
n(NaHCO3) = 0.007 mol
2

m(Na2O2) = (0.010 + 0.007) mol · 78
m(sample) =

1.3 g
0.80

0.5 marks

g
= 1.3 g
mol

= 1.7 g

0.5 marks
0.5 marks
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B.3.2.6 Calculate how much O2 1.0 kg of active filter component can produce.

1 mark

Calculations:
n(Na2O2) = 80% · 1 kg
= 10.3 mol
78 g mol-1
n(O2) = 0.5 · n(Na2O2) = 5.1 mol
m(O2) = n · M = 32

0.5 marks

g
· 5.1 mol = 160 g
mol

m(O2 produced by 1 kg of active component) = 160 g

0.5 marks

B.3.2.7 Which one of these compounds can also be used as oxygen regenerator? State
the correct answer:
0.5 marks
a) Na2O
Answer:

b) NaO2

c) Na2C2O4

d) NaH

b)

B.3.2.8 The air on Earth contains some amounts of various noble gases. Which of the
noble gases are the most abundant in the air? State the correct answer:
0.5 marks
a) He
Answer:

b) Ne

c) Ar

d) Kr

e) Xe

f ) Rn

c)

B.3.2.9 Which one of the following statements is not true? State the correct answer:
0.5 marks
a) Oxygen exists on Earth as a mixture of allotropes.
b) Oxygen chemically combines with almost all elements.
c) Oxygen is the most abundant element in the Earth’s crust.
d) Oxygen is the most abundant element in the Earth’s atmosphere.
Answer:

d)

B.3.2.10 Which of the following is not a common use of carbon dioxide? Circle the
correct answer:
0.5 marks
a) As a fire extinguisher.
b) As a beverage ingredient.
Answer:

d)
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c) As a refrigerant.
d) As an ingredient of toothpaste.
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B.4.0.1 According to NASA, one person consumes 0.84 kg of oxygen per 24 hours.
Calculate the total mass of oxygen that will be consumed during this expedition.
0.5 marks
Calculations:
m(O2) = 0.84kg / day · 365days · 5 = 1500 kg
B.4.1.1 Calculate the mass of active chemical filter component required for the expedition.
0.5 marks
Calculations:
m(active filter component required for expedition) = m(O2) / m(O2 produced
by 1 kg of active component) = 1500 kg / 0.16 kg = 9600 kg

B.4.1.2 Calculate the number of capsules required for the expedition.

0.5 marks

Calculations:
N(capsules) = m(active filter component required for expedition) / m(active
filter component in one capsule) = 9600 kg / 0.00167 kg = 5.6 · 106

B.4.1.3 Calculate the number of blocks required for the expedition.

0.5 marks

Calculations:
N(blocks) = N(capsules) / N(capsules in one block) = 5.6 · 103 blocks
B.4.1.4 Calculate the final mass of chemical oxygen regeneration system required for the
expedition if the mass of one block is 3 kg.
0.5 marks
Calculations:
m(chemical oxygen regeneration system) = N(blocks) · m(one block) =
5.6 · 103 · 3.0 kg = 17 tons
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Task B.4 – Oxygen supply sources for the Space
Mission
(8 marks)

EUSO 2012

Mas of oxygen produced in 30 min. (10-6 mg)

B.4.2.1 Draw a linear graph of the mass of oxygen produced by one algae tube within 30
minutes vs. Illuminance.
1 mark
9
8
7
6
5
4
3
2
1
0

0

5000

10000

15000

20000

Illuminance (lx)

B.4.2.2 Estimate the mass of oxygen produced per tube and per 30 minutes, if the illuminance equals 20 000 lx. Mark this point on the graph.
1 mark
Extrapolation from the graph yields
m(O2) per tube and 30 min. = 7.7 · 10-12 kg / (tube · 30 min.)
Note that the validity of the extrapolation is difficult to check within the task.

B.4.2.3 Calculate the mass (in kg) of algae required for the team to survive using your
data from tasks B.2.2 and B.1.
1 mark
Calculations:
Over the year each tube yields
m(O2) per tube = 7.7 · 10-12 kg per tube · 48 · 365 = 1.3 · 10-7 kg per tube
Therefore one kg of algae yield
m(O2) per kg of algae

= 1.3 · 10-7 kg per tube / 0.050 g algae per tube
= 2.7 · 10-3 kg per kg of algae

0.5 marks

The mass of algae required to sustain the astronauts wife is thus
m(algae) = m(O2) / m(O2) per kg of algae = 560 tons
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Calculations:
m(system) = m(algae) / 0.05 = 11000 tons

B.4.3.1 Decide which of the components are required for each oxygen regeneration system.
Mark with a “C” for the inclusion of the component in the chemistry oxygen
regeneration system, “B” for the inclusion of the component in the biology oxygen
regeneration system, and “N” if not required in either system.
2.25 marks (0.25 each)
Component description

Answer Field

Moisture absorbing material

C

System for periodic waste removal

B

Constant glucose supply

N

Non-water based fire extinguisher

C

Liquid nitrogen cooling system

N

Nitrogen fertilizer

B

Non-rechargeable batteries

N

Green light bulbs

N

Protection from cosmic rays

B

B.4.3.2 Discuss the results with your teammates and decide which of the two systems is
more suitable for the expedition. State the correct answer.
0.25 marks
a) Chemical
Answer:

b) Biological.
a)
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B.4.2.4 The mass of algae makes up only 5% of the biological oxygen regeneration system.
The remaining mass comes from various support systems. What is the total mass
of such biological oxygen regeneration system?
0.5 marks
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EUSO results
The following graphs provide a more detailed look at the results obtained at the
EUSOs from 2008 to 2012. The first two histograms for each year shows the results
in percentages of the maximum achievable score for tasks A and B as well as the
mean and the standard deviation as a measure of the spread of the achieved marks.
The third histogram contains the same information
for the combined score of
the two tasks. Mean scores
for the single tasks range
between 59 % and 80 % and
are typically around 70 %
of the maximum score. The
standard deviation of the
results of the single tasks
ranges from 10 % to 20 %
with typical values of about
15 %.
In order to establish a firm ranking the tasks should be prepared in such a way, that
even the best participating teams do not achieve full marks and a large spread with
a standard deviation between 15 % and 20 % or even higher is obtained.
The last graph for each year depicts the score of each team, again given as percentage of the maximum possible score, vs. its rank. The data points are colour coded
to indicate the medal awarded.
According to the EUSO constitution approximately
10 % of the contestants should be awarded a gold
medal, 30 % a silver medal and the remaining teams
a bronze medal. During the last ten years the numbers of gold and silver medals were usually higher.
This mainly due to the fact that a clear gap in the
scores of the teams is not always easy to find and
the general consensus among the leaders is that it is
better to award an extra medal in this case. The following figure shows the percentages of gold, silver
and bronze medals awarded at the EUSO in the years
2003 – 2012.
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Figure 1: Percentages of gold, silver and bronze medals awarded at the EUSO in the years
2003 – 2012. The dashed lines indicate the levels recommended by the constitution.

While the above remarks concentrate on the diagnostical aspects of the scores it
should be mentioned that it is first and foremost the science content of the tasks
that inspires and motivates the students. Well prepared tasks covering interesting,
relevant and authentic science topics are therefore the crucial ingredient for the
success of the EUSO.
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Histograms of EUSO results 2008 in Nicosia
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Distribution of scores for Task A and Task B at the EUSO 2008 given as percentage of
maximum possible score. The single point gives the average score achieved and the standard deviation.
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Distribution of total scores at the EUSO 2008 given as percentage of maximum possible
score. The single point gives the average score achieved and the standard deviation.
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Plot of score vs. rank of the participating teams of the EUSO 2008.

337

35

EUSO

Histograms of EUSO results 2009 in Murcia
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Distribution of scores for Task A and Task B at the EUSO 2009 given as percentage of
maximum possible score. The single point gives the average score achieved and the standard deviation.
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Distribution of total scores at the EUSO 2009 given as percentage of maximum possible
score. The single point gives the average score achieved and the standard deviation.
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Plot of score vs. rank of the participating teams of the EUSO 2009.
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Histograms of EUSO results 2010 in Gothenburg
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Distribution of scores for Task A and Task B at the EUSO 2010 given as percentage of
maximum possible score. The single point gives the average score achieved and the standard deviation.
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Distribution of total scores at the EUSO 2010 given as percentage of maximum possible
score. The single point gives the average score achieved and the standard deviation.
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Plot of score vs. rank of the participating teams of the EUSO 2010.
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Histograms of EUSO results 2011 in Pardubice
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Distribution of scores for Task A and Task B at the EUSO 2011 given as percentage of
maximum possible score. The single point gives the average score achieved and the standard deviation.
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Distribution of total scores at the EUSO 2011 given as percentage of maximum possible
score. The single point gives the average score achieved and the standard deviation.
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Plot of score vs. rank of the participating teams of the EUSO 2011.
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Histograms of EUSO results 2012 in Vilnius
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Distribution of scores for Task A and Task B at the EUSO 2012 given as percentage of
maximum possible score. The single point gives the average score achieved and the standard deviation.
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Distribution of total scores at the EUSO 2012 given as percentage of maximum possible
score. The single point gives the average score achieved and the standard deviation.
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Plot of score vs. rank of the participating teams of the EUSO 2012.
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EUSO impressions 2009 in Murcia
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EUSO impressions 2010 in Gothenburg
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349

EUSO impressions 2012 in Vilnius
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National EUSO selections
The following sections give an overview over the diverse ways in which the national
teams for the EUSO are selected in the participating countries. These encompass a
wide range from the selection of individual students who compete in a single science
subject to interdisciplinary team competitions. Also the number of participants varies
over a broad range from a few dozen students to nationwide events with thousands
of participants.
In many countries the EUSO selection procedure is intimately connected with other
activities aimed at motivating young students to pursue their strong engagement in
mathematics and sciences. The EUSO selections therefore provide incentives and
training opportunities not only for a possible career path in STEM related areas but
also for future candidates for the international Olympiads in biology, chemistry and
physics.
While most of the sections give only a moderate level of detail about the selection
and training of the EUSO teams we included exemplary in-depth descriptions for the
national competitions leading to the EUSO in Estonia, Hungary and the Netherlands.
For more details about specific procedures in a country the respective Country Coordinators may be contacted directly.
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I. Selection and training of students in Austria
Potential participants are nominated by teachers from schools with natural scientific
focus, by chemistry and physics olympiad mentors as well as by mentors of the
biology competition “Biologie im Team”. Participants are also selected by members
of the Regionales Netzwerk for natural sciences and mathematics which are present
in all Austrian counties. Participants have to compose a detailed letter of application
and send it to the College of Teacher Education Carinthia Viktor Frankl University
and Centre for Didactics of Physics in Styria, respectively.
Selection and training camp
27 students can then take part in an intensive one week training program, where
after short theoretical inputs, work is mainly practical. Two teams of three students
are selected after this week as the Austrian national teams. For the evaluation and
the subsequent appointment of teams the students’ records are also taken into consideration. Furthermore, students also have to master theoretical tasks like e.g. Force
concept inventories. After the selection,
the national teams as well as 6 reserves
take part in a two day special training
approximately 3 weeks before the competition. Between the training week and
the two days of special training students
are asked to do selected assignments that
are electronically sent by mentors and
checked on a regular basis.
On two occasions the German EUSO coordinator has invited the Austrian students and their mentors to take part in the
German training and selection camp in Potsdam.
Science content
The following topics are usually covered during the one week training program.
Biology
Microscopy – Use of a microscope and binocular lens, making botanical cuts, wet mount
and permanent microscopic slides, composing subsequent drawings and sketches,
interpretation of microscopic slides and the respective specimen (e.g. mitosis).
Ecology – Theory and calculations; carbon cycle; nutrient cycles; adaption of organisms to dryness in their habitats.
Systematics / Variation – Theories of evolution; main groups of living organisms,
usage of identification keys.
Metabolism – Photosynthesis; assimilation, fermentation. Anatomy of leaves in connection to metabolism.
Dissection techniques (fish, frog, snails)
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Physics
Getting to know new topics that could arise from interdisciplinary questions, learning
how to provide possible solution strategies – The human being as thermodynamic
system; Performance tests and their interpretation; Pressure and buoyancy; Convection
velocity and viscosity; Determination of the elasticity modulus; Density determination of solids, liquids and gases
Usage of measuring instruments – Measurements with solar cells; resistor measurements; conductivity measurements of liquids
Precise documentation of experiments, Precise drawing of graphs
Chemistry
Part of the theoretical training offered during the first three days consists of stoichiometric calculations, theory of thin layer chromatography or theory of photometry.
Also theoretical aspects of qualitative and quantitative analysis methods are discussed.
From day 1 onwards there is always at least one practical task such as
Introduction to the usage of chemistry lab equipment
pH value measurements
Separation methods of mixtures through solving and filtration
Qualitative analysis of ions using test tubes and spot plates
Simple titrations (acid-base, iodometry)
Extraction of plant colorants
Performing thin layer chromatograms of plant colorants with subsequent analysis and
determination of Rf values)
Data collection of absorption spectra and their graphic interpretation
Team task
On the fourth day students have to solve a three hours team task such as the following problems about wheat shows:
The insolvency of an agricultural concern triggered movement in the regional food market.
The trade chain “Verdienmawas” was forced to find new suppliers for wheat products.
Several offers were invited from adjacent producers. The company “Ohnegengehtnix” sent
a selection of their product assortment to the trade chain’s laboratory.
You as experts have to analyze the product samples with regard to their indicated quality
criteria for wheat flour, grains and plants.

For further information
Country Coordinator Mag. Peter Holub
University College of Teacher Education Carinthia
Hubertusstrasse 1, A-9020 Klagenfurt, Austria
Phone: +43 664 9655115
E-mail: peter.holub@ph-kaernten.ac.at
Website of the Austrian EUSO:
http://www.euso.at

353

EUSO
II. Selection and training of students in Belgium
Belgium is represented at the EUSO by two teams of three students. Team A comes
from the Flemish Community and Team B comes from the French & German speaking Communities. Both teams receive a one-day training programme at a Belgian
University or High School. During this training they are introduced to some laboratory manipulations and techniques useful for a EUSO and they receive a course in
data analysis and interpretation.
Organization and selection for the Flemish Community
Management
The selection of and participation in the EUSO by the Flemish Team is fully
financed by the Department of Economy, Science and Innovation of the Flemish Government. Members of the following associations, all volunteers, form the
selection committee: VOB-vzw (Flemish association of Biology Teachers), VeLeWe-vzw
(Association of Science Teachers), KVCV-vzw (Association of Chemistry Teachers
and representatives of Chemical Industry)
Target group
Pupils of Higher General Secondary Education (HGSE) and Higher Technical Education (HTE), who fulfil the EUSO age requirement and who are studying Science,
are contacted in September by means of the website, electronic newsletter, flyers,
newsletters of the organising associations etc.
Registration
Registration is online. Pupils may register individually or a teacher may register several pupils simultaneously. The deadline for registration is always around 10 October.
Selection
Selection consists of two rounds. In round 1,
held simultaneously in 5 locations across Flanders in the 3rd week of October, students are
tested on theoretical scientific knowledge. In
90 minutes they are asked to answer 30 multiple-choice questions on Biology, Chemistry
and Physics. 18 pupils, with the highest marks
qualify for the 2nd round in the last week of
October. These students undertake a half-day
practical skills test in a University Laboratory. The 3 pupils who achieve the best
combined score of the two rounds represent Belgium as Team A at the EUSO.
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Organization and selection for the French / German-speaking Communities
Management
The selection of and participation in the EUSO by the French & German speaking
Team is managed and financed by the following associations: PROBIO-asbl (association of French speaking biology teachers), ACLg-asbl (Association of chemists,
alumni of the University of Liège) and ABPPC-asbl (Belgian association of chemistry
and physics teachers). In addition, financial supports are provided by the different
regional governments.
Each association organises one of the senior Science Olympiads in Biology, Chemistry and Physics. The EUSO team selection for students in the 5th grade is integrated
into this selection procedure.
Target group
The target group and means of disseminating information is as described above for
Team A.
Registration
Registration is online with deadline in
the first week of December.
Selection
Selection for each Olympiad consists of
two rounds. The 1st round is organised
on the same day in all participating
schools. A two-hour test is provided
to the teachers for distribution to their
pupils. The teachers correct the answer
sheets of their own students using a
standardised marking scheme. The
results are returned to the organising
committee who decide on the number
of pupils to be admitted to the 2nd round. In this round the pupils are thoroughly
tested on insight and problem solving skills. The pupils who performs best in Biology, Chemistry and Physics form the Belgian Team B at the EUSO.
For further information
Country Coordinator Victor Rasquin
Gulden-Vlieslaan 61/7
8000 Brugge, Belgium
Phone: +32 472 319 417
E-mail: ravi@euso.be
Website of the Belgian EUSO:
http://www.euso.be
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III. Selection and training of students in Cyprus
Six students in their 2nd year of Lyceum (second last year of high-school) who meet
the age requirement represent Cyprus at the EUSO. Two students are selected by
each of the following organisations:
• Cyprus Union of Chemists
• Cyprus Biological Society (with the Ministry of Education and Culture)
• Cyprus Union of Physicists
Selection
Approximately one year before the EUSO,
more than 400 Chemistry students take part
in a Chemistry Olympiad of open-ended
questions, about 350 students take part in
a Physics Olympiad of closed-ended questions and approximately 200 students take
part in a Biology Olympiad that consists
of 30 multiple choice questions and two
open-ended questions, referring to experimental methodology.
The results of theses test determine the two
team members for each of the three science
disciplines.
Science topics
The science topics covered in the tests include:
Biology
• Organization of Life
• Metabolism
• Respiratory system
• Digestive system
• Circulatory system
• Reproduction in humans
• Inheritance in man
• Environmental Science
Chemistry
• Structure of the atom
• Atomic and mass number
• The arrangement of the electrons
• Ionic and covalent bonding
•Periodic table.
• Nomenclature of inorganic compounds
• Reactivity of metals and flame test
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Physics
• Length, mass and time
• Position, displacement and distance
• Motion with constant velocity
• Average and instantaneous velocity
• Motion under constant acceleration
• Forces
• Newton’s laws
• Point mass equilibrium
Training
The six students are brought together and formed into Teams A and B and a timetable for meetings between students and mentors in the different institutions outside
school hours are arranged. At the Institute of Genetics and Neurobiology, students
experience different laboratory techniques for Biology. At the Pedagogical Institute
and at the University of Cyprus students undertake experiments on chemistry, physics and biology.
To develop a team spirit the six students take part in meetings with their mentors to
experience and understand all three subjects, chemistry, biology and physics. They
are also given the opportunity to experience advanced research methodology.

For further information
Country Coordinator Dr. Stella Ioannou-Loucaides
Ministry of Education and Culture
Kimonos and Thoukydidou Corner
1434 Lefkosia, Cyprus
Phone: +357 22800631
E-mail: stella@mpl-loucaides.com
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IV. Selection and training of students in Denmark
The EUSO in Denmark is run by a three person Governing Board (GB) located at the
Sankt Annæ Gymnasium in Copenhagen. It is financially supported by the Ministry
of Education, the Danish Association of Biologists (FadB) and the Danish Association of Teachers in Mathematics, Physics and Chemistry (LMFK).
Every year tasks are developed for the Qualification Round and for the Final Round
by a Scientific Board (SB) composed of the GB plus three additional members, one
from each science discipline.
Selection
In May each year, all gymnasiums in Denmark (approx. 150 institutions) are invited
to register a team of three students to participate in the national Science competition. Each gymnasium decides how best to select their own student team. At the
end of October, all registered gymnasiums are informed about the location and date
of the Qualification Round. This is normally held in January and about one third
of the gymnasiums participate. Three parallel Qualification Rounds are held, one
in Copenhagen area, the second in the southern part of Jutland and the third in
northern Jutland. This Round consists of a practical and experimental test of three
hours duration. In 2014 topics investigated include qualitative chemical analysis of
unknown substances, photosynthesis, falling under the influence of air resistance
and microscopy of spinach cells.
The eight best teams from this Round then participate in the Final, which normally
take place at the end of February or early March. This Final, a two-day event at the
Mærsk McKinney Møller Science Center is funded by the EUSO in Denmark. The
students have two laboratory sessions, each lasting four hours. The best two teams
are awarded gold medals and are invited to represent Denmark at the EUSO. The
next two teams get silver medals and are on the reserve list. The last four teams are
awarded bronze medals.
Training
The two winning teams are brought
together for a half-day training session
with the EUSO team members from
the previous year when the hints given by the EUSO organizers are examined and practiced. This training model is under review. Local teachers are
asked to perform the final training up
to the EUSO, assisted by the SB.
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Roderick Redbeard – the pirate
Året er 1597, og stedet er farvandet lidt nord for de spanske antiller. En karavel, Encarnacion fra Bilbao, tunglastet
med guld og andet krigsbytte er på vej fra Botafogo til Cadiz. Karavellen har under en storm mistet kontakten med
næsten alle de øvrige fragtskibe i konvojen, og dermed
også med de velbevæbnede krigsskibe, som ledsager konvojen tilbage til Spanien. Kun konvojens mindste skib, Santa Maria, kan anes mod nordøst. Det er tidlig morgen, og
nervøsiteten er stor på Encarnacion. Udkigsposten i stormasten søger hektisk horisonten rundt med kikkerten i håbet om at finde konvojen og de beskyttende orlogsskibe. Endelig ser han et skib helt ude ved synsranden. ”Skib i sigte”, råber han,
så det gjalder ud over dækket. Håbet vokser hos besætningen. Efterhånden som
skibet dukker op over horisonten, blegner udkigsposten imidlertid. I kimingens
blege lys toner et skib tydeligere og tydeligere frem, og det er ikke det spanske
skib, man håber at se. Da han kan se toppen af skibet klart, viser det sig at være et
piratskib, The deadly Sausage, under rødt flag og Roderick Redbeards kommando.
Som solen skrider over himmelen er det klart, at piratskibet har kurs direkte mod
Encarnacion. Det er lige så klart, at piratskibet er både hurtigere, mere manøvredygtigt og langt tungere bevæbnet end karavellen.
Resten burde vel kun være et spørgsmål om tid. Så vil Encarnacion være erobret,
mandskabet gået planken ud, kaptajnen skudt og romtønden åbnet. Nogle gange
går det anderledes end forventet. Bare en gang imellem? Nu og da? Måske, men
ikke denne gang! Encarnacion blev entret og taget under kommando af Roderick
Redbeard og dens skatte overført til The deadly Sausage, inden Encarnacion og
mandskab blev sendt mod havets bund.
…
Example of an introduction to an interdisciplinary problem from the Danish finals in 2014.
The tasks themselves were concerned with an investigation of a mechanical weapon aboard
the ship that eventually sank The deadly Sausage, the chemical identification of samples
taken from a shipwreck that is suspected to be The deadly Sausage and a DNA-analysis
of biological material in order to find out whether it belongs to the remains of Roderick
Redbeard.
For further information
Country Coordinator Lektor, cand.scient. Hans Marker
Sankt Annæ Gymnasium, Sjælør Boulevard 135,
DK-2500 Valby, Denmark
Phone: +45 29905697
E-mail: hm@sag.dk
Website of the Danish EUSO:
http://www.emu.dk/modul/science-ol-euso
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V. Selection and training of students in Estonia
Organisational background
First of all – Estonia is a very small country – population of 1.3 Million habitants and
only 140 000 of them are in age between 7-19 attending different level of educational institutions – elementary, basic or secondary schools. Out of these approximately 25 000 students every year could compete for getting selected into Estonian
teams for the IJSO (International Junior Science Olympiad) and the EUSO (European Union Science Olympiad). Unfortunately, the number of students interested in
science and participating at the national competition for IJSO and EUSO is only up
to 400 students. So, we have potential to grow!
All scientific Olympiads in Estonia are financed by Ministry of Education and Research and the main responsible authority of all Olympiads is University of Tartu
with specialised institution inside of university – the Gifted and Talented Development Centre of University of Tartu. The tradition of science Olympiads in Estonia
dates back to 1965. Until 2004 Olympiads in Estonia were only subject oriented
(Math, Biology, Chemistry, etc). Since 2005, when Estonia joined the IJSO as well as
the EUSO, we have started with a new national competition, the Estonian Science
Olympiad (ESO). The syllabi of IJSO and EUSO are compiled of themes of three
subjects: Biology, Physics and Chemistry, so we did the same with Estonian Science
Olympiad. The ESO is an individual competitive activity consisting of two rounds.
Before every ESO the jury of the Olympiad spreads “keywords” – for the focused
preparation of students. A major challenge is that students of suitable age are studying at school on different grades and for this Olympiad students of lower grades
have to prepare specially for this competition.
Finding candidates for the Estonian EUSO teams
Candidates for Estonian EUSO team are actually chosen on the basis of the best results of students at two type of Science Olympiads organised in Estonia. These are:
1) Qualification at the Estonian Science Olympiad (ESO) within top of 15 best
students
2) Results at the subject oriented Olympiads of Estonia on chosen level according
to the grades of studies (results in Chemistry, Physics and/or Biology Olympiads).
That means: The first Olympiad gives us the sureness that every student has some
integrated knowledge in all fields of interest – Chemistry, Physics and Biology. Working at the EUSO as a team, it is important, that everybody in the team has some
competencies in all those subjects. The second, subject oriented Olympiad shows
the strength of a student in particular fields. Compiling EUSO teams, it will be taken
into account – which discipline is for every member of the team of three students
his / her favourite.
The ESO is organised by the team of Estonian Science Olympiad and results of this
competition are overriding. Only in few cases we could nominate candidates for the
EUSO teams who are not in the top 15 at the ESO.
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Organisation of the Estonian Science Olympiad
The ESO is organised in two rounds. First, a regional competition takes place in
February-March in the year prior to the EUSO. Educational Departments register
participants and organise the theoretical competition in all regions of Estonia. Tasks
for the competition are prepared by the jury of the ESO and sent by e-mail to local
coordinators. All tasks of the Olympiad are available in Estonian and Russian. All
regional competitions take place on the same day and time all over the country. Students have four hours
to solve all problems.
Based on given keywords, the jury has
prepared tasks which
are integrating three
fields of knowledge
– biology, chemistry
and physics. Often
for smooth integration some keywords
are connected also to
geography as it is in
syllabus of Estonian
basic school. At the competition students’ answer sheets are marked with code to
ensure unbiased marking of their works. Local organisers send all student works
and code-lists by mail to the Science Olympiad jury in Tartu where the correction
and marking of the answers takes place. On the same day the regional competition
takes place, all solutions of the tasks are also provided on the web site of the Olympiads for the students. Preliminary results are published on the website of the ESO.
Over a one week period students can moderate their results via e-mail and after this
time span the final protocol of the regional competition of the ESO appears on the
website. The 50 top students are invited to the second part of the Science Olympiad – to the experimental competition which takes place in Tartu, in the labs of the
University of Tartu.
There has always been a slight gender imbalance at our Olympiad in favour of boys:
in 2014 59 % of the participants were male and 41 % female, comparing to 54%
and 46% a year before. Usually about a quarter of participants have completed the
answers in Russian. In 2014 that figure fell from 26 % (previous year) to 22%. That
indicates the need to consider some measures to promote our Olympiad among
girls and in Russian schools to stimulate their participation. There is some kind of
“competition” between the different Olympiads in natural sciences, mathematics
and informatics that take place in a rather dense time span, making it difficult for
the academically gifted students to participate in all of those contests. However, the
jury has set a goal to provide the best students from all counties and bigger cities a
chance to participate in our experimental competition and thereby to candidate for
the IJSO and EUSO national teams.
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All 50 winners of the regional competitions have to register at the Estonian Olympiad Centre in Tartu. Timing of the second part of the ESO depends on different
circumstances – in some cases it has been implemented in spring (March-April),
sometimes in autumn (September). In some years we have organised it as two-days
event, sometimes we have only a one-day competition.
For the experimental competition also keywords are given beforehand, the experiment is performed within four hours, tasks are prepared by the team of ESO and
also provided in Estonian and Russian languages. The competition is guided by our
team consisting mainly of students on different levels of studies at the University of
Tartu. The contestant’s papers are marked immediately after the experimental work.
During this time students have some science program – in Tartu we have a science
centre (AHHAA), so it has been great pleasure for students coming to Tartu from
different regions of Estonia and to have several science activities in AHHAA centre
after competition.
After jury’s hard work, a closing ceremony of the Science Olympiad takes place
where winners of theoretical, experimental and total competition are awarded. The
overall winners get special prices from different enterprises and University of Tartu.
Some special prices are announced by the jury – for the best solution of a task, for
an excellent performance of the experiment or for some special “point” jury has
mentioned during the competition. All participants of the final competition get
some small souvenir, usually connected to the topic of that Olympiad. At the closing ceremony the 15 best students are also nominated (in some years also 16 or 17
when the differences in the results are too small) who will be in the list of candidates for EUSO and also for IJSO, depending on their date of birth.
All participants of the Science Olympiad are asked for feedback. This helps the
organizer to evaluate the work and to adjust the Olympiad for better coherence
with the student’s opinion thus better fulfilling the role of the organizers as science
mediators for the young people.
Selection and preparation of students for EUSO
For those students, who are of suitable age and have achieved high results both in
Estonian Science Olympiad and subject Olympiads, invitations are sent out in January to participate at the selective final competition. This final selective competition
is held in February and has both, theoretical and experimental tasks, in all three
subjects – Physics, Chemistry and Biology. As students come to Tartu for this competition from different regions of Estonia, we normally prepare tasks for two days.
Competition is still individual, as we want to choose top students in all disciplines,
looking at the same time at their competencies in all three subjects. As a matter of
fact, students know each other before this competition rather well as they frequently have been nominated (a year before EUSO) for the Estonian team for IJSO. Here
we can see some special situation for a very small country – we really have only a
small set of students to compete for high positions at the Olympiads! Estonia therefore mostly sends the same (very experienced) students to different competitions

362

EUSO

and they get good results in many disciplines!
The problem of teamwork, specially needed for the EUSO is
solved during training
sessions before EUSO.
Usually we have 2–3
three-days sessions
for EUSO teams before leaving to the EU
competition. Training
takes place in the labs
of University of Tartu and we focus mainly on the experimental issues as we know
that at schools students are not doing too much experimental work. We are very
happy when the organising country sends the hints before competition, then the
last training session before EUSO is dedicated to those themes and experiments. As
we have chosen at the selective competition six students for EUSO, then dividing
them into two teams goes voluntarily – students themselves decide how they work
better as a team and who will cooperate better in the situation of competition. Always on the training sessions our team of Science Olympiad will spend some free
time together with university students (going out to some sports, having dinner
together, etc). This is a good possibility to give some advice or just discuss issues
about putting teams together. As mentioned before, our team of Science Olympiad
is rather young (in majority) – they themselves have participated at the IJSO and
EUSO as students and gladly share their experiences with students. And last but not
least – for our Science Olympiad team it is also great pleasure to spend time with
smart students, get good contact and afterwards, invite them to be members of our
jury when they will attend the University of Tartu as undergraduate students. This
way our Science Olympiad team has grown and developed and we are very proud
of that – in organising committee and jury we have people who have experience
with integration at the EUSO and that helps us to prepare tasks for Estonian Science
Olympiad also in the spirit of integration.
For further information
Country Coordinator Karin Hellat
University of Tartu
Ravila 14A 50411
Tartu, Estonia
Phone: +372 5090991
E-mail: Karin.Hellat@ut.ee
Website of the Estonian Science Olympiad:
http://teemant.physic.ut.ee/english.html
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VI. Selection and training of students in Germany
Candidates for the German teams competing at the EUSO are recruited from the
annual national competitions for the International Biology (IBO), Chemistry (IChO)
and Physics (IPhO) Olympiads on an individual basis. In these competitions several
thousand students from all over Germany participate. The best four of each of these
competitions meeting the age criterion of the EUSO are invited to the German
EUSO-camp where the final selection is done. Additionally three students of the
national team at the previous International Junior Science Olympiad have been invited in the last two years. Thus five specialists for each of the science subjects enter
the final selection.
Selection and training camp
The EUSO-camp is carried out over a four days period in March at the University of Potsdam. The programme consists of a number of practical-based tests,
lectures as well as plenty of opportunities to get to
know each other.
Regardless of their area of expertise each student
takes individual practical tests in all of the science
disciplines biology, chemistry and physics. Each of
these tests lasts about 90 minutes. For the second
test day teams of three students are formed on the
basis of the results of the individual tests and the
ability to work together effectively as judged by the
examiners. Each team comprises of one specialist in
biology, chemistry and physics. Together they take a
three hours practical examination of interdisciplinary
nature which is organized very similarly to the tests students encounter at the EUSOs.
The sum of the scores of the individual tests and the team test determine the ranking of the students. Two students of each of the science disciplines are finally selected for the two teams representing Germany at the EUSO.
Science content
The practical tasks of the EUSO-camp are designed to cover topics and techniques
regularly encountered at the international competitions. These include for example:
microscopy, titration, photometry, the handling of multimeters or micropipettes as
well as general skills in data acquisition and evaluation.
The students are usually quite familiar with techniques and equipment from their
specialized subject area but sometimes lack practical skills in the other disciplines.
The deliberate exposure to all three sciences in the individual tests thus also serves
to reduce possible misconceptions of students regarding the neighbouring disciplines and to facilitate collaborative work within the teams.
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Impact on other Science Olympiads
The close interconnection of the EUSO selection with the other Science Olympiads
in Germany has two major impacts. On the one hand students who enter the EUSO
selection already have a high level of expertise in their respective field of interest,
thus allowing the EUSO teams to tackle tasks demanding expert knowledge in a
specific area quite effectively. On the other hand the opportunity to take part in
the EUSO serves as a strong motivation for younger students to participate in the
national competitions for the IBO, IChO or IPhO. Due to their younger age as compared with the other participants they usually don’t yet enter the national teams.
For these future candidates for the international Olympiads in biology, chemistry
and physics the EUSO provides strong incentives and training opportunities.

Austrian-German cooperation
In the years 2012 and 2014 the Austrian EUSO teams were invited to join the German EUSO-camp in Potsdam. In this way the Austrian students were able to hone
their practical skills and the German students, especially those that did not make
it into the EUSO teams, got the opportunity to feel a bit of the international atmosphere that makes EUSO so special. In 2015 the German EUSO teams will in turn
go to Austria prior to the EUSO for a final training.
Certainly both sides profit enormously from this collaboration which we plan to
continue in the future.
For further information
Country Coordinator Dr. Burkhard Schroeter
IPN at the University of Kiel
Olshausenstrasse 62 · 24098 Kiel, Germany
Phone: +49 431 880-3135
E-mail: schroeter@ipn.uni-kiel.de
Website of the German EUSO:
http://wettbewerbe.ipn.uni-kiel.de/euso/

365

EUSO
VII. Selection and training of students in Greece
Greece is a founding member of the European Union Science Olympiad. The participation of Greece in EUSO is the responsibility of the National Association of the
Directors of Science Laboratory Centers (PANEKFE). PANEKFE (www.ekfe.gr) has
launched an annual “National Student Competition” to select the two EUSO teams of
three high school students each. The competition is open to Lyceum student teams
older than 16 years of age in the calendar year prior to the international competition.
The Science Laboratory Centers in Greece
The Science Laboratory Centers (EKFE) were founded in 2003. EKFE are centers of
research, and offer technical and educational support to laboratory teaching of Biology, Chemistry and Physics. They also offer technical support for the organization
and use of science school labs.
EKFE are located in every region of our country and are supervised by the Ministry
of Education and Religious Affairs. Currently, there are 76 EKFE nationwide. The
directors of the 76 EKFE are members of PANEKFE.
Selection procedure – Introduction
The selection of the two teams of students is
conducted in two rounds, the regional qualifying round and the national round. In the first
round, every EKFE organizes a regional competition during December in which every school
can participate with one team of three students.
The teams selected from all regional competitions go on to participate in the second – final
round, the national round of the competition which is held in January in two locations, in Athens and in Thessaloniki. The preparation of the two teams of students
selected from the final round is undertaken by PANEKFE in University laboratories
and institutes in Athens and Thessaloniki.
Selection Procedure – the regional round
The main aim of the regional round is to promote experimental teaching of science,
and to familiarize students with the scientific methodology and problem solving.
Each regional competition is conducted exclusively on experimental/laboratory
skills and practices in Biology, Chemistry and Physics.
The procedure in the regional round is organized in the following way:
• The EKFE directors announce the regional competition, inform the schools of
their area and encourage the Head of the School Labs to select and prepare a
three-member group of students. In certain schools there is also an internal
competition for the selection of the team which will represent the School at the
regional round.
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• Each EKFE appoints a local Organizing and Scientific Committee. These committees, in collaboration with the corresponding counterparts at PANEKFE, arrange
the experimental exercises, the marking scheme and take care of all organizing
details of the regional round.
• Each school participates with a three-member team of students in the regional
competition. A minimum of three teams of students are needed for the competition to take place.
• Each three students team participates as a team in three experimental exercises
concerning Biology, Chemistry and Physics. The duration of each lab exercise is
approximately one hour. The students are assessed on practical skills, team work,
obtaining and processing data etc.
• The outcome of the competition is made known the following day at the award
ceremony of every regional competition and from the results of the regional round
each EKFE qualifies a certain number of teams for the National contest, depending
on the total number of teams of the regional round.
Selection Procedure – the national round
For the National round, PANEKFE appoints a Central Organizing Committee and a
Central Scientific Committee consisting of members of EKFE and Science teachers.
There are two finals in the National round. One final is held in Athens for the qualifying teams from Southern Greece and the other is held in Thessaloniki for the qualifying teams from Northern Greece. One team from each final represents Greece at
the EUSO. The national selection take place at the end of January.
The outcome of the finals is announced the following day in the award ceremony.
The award ceremony takes place in the Eugenides Foundation in Athens and in the
Science Center and Technology Museum “Noesis” in Thessaloniki.
Preparation and participation in international EUSO
The Country Coordinator for EUSO in collaboration with the Central Scientific Committee undertakes the preparation of the two EUSO teams.
Apart from the Country Coordinator, the leader of the Greek delegation at the
EUSO, two science teachers from the qualifying schools or the Heads of the local
EKFE also act as mentors. Transport costs for local and international competitions
and travel and accommodation expenses for the national competition, are borne
by the participants in the contest. The travel and accommodation expenses can be
covered by the School Committee or the local municipality or from other sources.
For further information
Country Coordinator Kostas Kampouris
15 Kalamboki str.
15127 Melessia, Greece
Phone: +30 6948618640
E-mail: ekfexal@otenet.gr, info@panekfe.gr
Website of the Greek EUSO:
http://www.euso2014.eu
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VIII. Selection and training of students in Hungary
Historical background
Science competitions have a long tradition in Hungary: the first maths competition
was organized in 1894, the first physics competition in 1916. The “Mathematical
and Physical Journal for Secondary Schools” (KöMaL [1]) is published since 1894,
too. Science education in Hungarian secondary schools was famous between the
World Wars. Theodore von Kármán, George de Hevesy (Nobel Prize in Chemistry 1943), Eugen Wigner (Nobel Prize in Physics 1963), John von Neumann, Leo
Szilárd, Edward Teller were pupils of high schools in the same district of Budapest
before their international scientific carrier. The strong maths and science education
continued after 1945, and national competitions have been organized already in all
of the subjects. In the 60’s Hungary was the founder (and several times the organizer) of international olympiads (IMO, IPhO, IChO).
In Hungarian secondary schools science is taught in separated subjects (physics,
chemistry, biology, geography), the curriculum is more theoretical and the exams
– similarly to the competitions – are individual. Therefore it was a great challenge
for Hungary to take part in EUSO – first time in 2009 –, where biology, chemistry
and physics are connected, the problems are mostly experimental and pupils have
to work in teams.
Selection of EUSO teams
According to the Hungarian school and competition system mentioned above the
selection and preparation of team “experts” for physics, chemistry and biology take
place separately. In every May there are the final rounds of national competitions
in biology, chemistry and physics for 9th and 10th grade pupils. As the next school
year starts in September the best 30-40 competitors in each subject are invited to
the EUSO preparation organized by the corresponding mentors. The selections of
two biologists and chemists for the two Hungarian teams take place in Szeged (Radnóti Miklós Experimental High School) while physicists are prepared and selected in
Budapest (Budapest University of Technology and Economics). Since I am responsible for physics it will be discussed in details but the selection and preparation of the
other two subjects are to be progressed similarly.
The national competition in physics for 9th and 10th grade pupils is the “Sándor
Mikola National Physics Competition” (Sándor Mikola was the physics teacher of
Eugene Wigner and John von Neumann.) It is organized in three rounds: the first
two rounds are only theoretical, in the final round there are both theoretical and
experimental problems. This competition has a relatively bright base: in the first
round about 3500 students participate. The best 50 pupils of each grade take part
in the final and from them about the best 20 of each grade (who are not too old for
EUSO participation) are invited for the preparation and pre-selection.
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Experimental physics problems
In the first months they have to solve some experimental problems (which need
no difficult apparatus) at home. They submit their results and reports which will be
marked. The best five or six of them are invited to the final selection competition
where the two team members are to be selected. During this two days long competition further experimental problems are solved with a little bit more sophisticated
devices they are used at home before.
As example I present one of the experimental problems given for homework:
1. Prepare your measuring device as shown in the figure.
Make a small hole on the side of a plastic bottle (2 – 3
mm in diameter) and glue a straw in the hole. Prolong
the straw with another one, so you will have got an
approximately l = 0.5 m long pipe. Support it to be
horizontal.
Measure the inside diameter d of the pipe.

h
l

2. Calibrate the bottle.
Close the pipe and fill water by a measuring cup into
the bottle. Fill 100 ml into the bottle and mark the
level. Repeat this process until the bottle is full.
Measure the medium height h between two marks and calculate the hydrostatic
pressures p for each height.
3. Measure the speed v of water as a function of the hydrostatic pressure p.
Fill the bottle and let the water flow. Measure and tabulate the time t necessary
for going out each 100 ml of water (between two marks).
From these times determine and tabulate the velocity v of water as a function of
the hydrostatic pressure p.
4. Repeat these measurements for different pipe lengths.
For example l = 40 cm, 30 cm, 25 cm, 20 cm, 15 cm, 10 cm, 7 cm, 5 cm, 3 cm,
1 cm and 0.5 cm.
5. Plot your results.
Plot the flow velocity v versus the hydrostatic pressure p. Display the data measured at different lengths by different colors on the same graph.
Plot the flow velocity v versus the length l of the pipe. Display the data measured at different pressures by different colors on the same graph.
6. Determine the viscosity of water.
The flow of water in long pipes is primarily determined by internal friction
(viscosity). According to Poiseuille’s law, the average velocity can be calculated
with the following formula (in laminar flow):
2
v= r p ,
8η l
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where v is the velocity of water, r is the radius of the pipe, η is the viscosity of
water, l is the length of the pipe and p is the pressure difference between the
ends of the pipe.
Use the graph v versus p and fit straight lines on the data measured at longer
pipes. From the slope determine the viscosity of water.
7. Note the narrowing of the jet.
The flow of water during a very short pipe (or a hole) is determined by the
acceleration of water. According to the Bernoulli’s law:
v = √2 gh ,
where v is the velocity of water, h is the height of the water column and g is the
gravitational acceleration.
However, the water jet becomes narrower then the hole, and thus its diameter
will be smaller then the diameter of the pipe (or the hole).
Estimate this narrowing from your results measured at the shortest pipe.
Observe the narrowing of the jet and compare your observation with your
estimation.
8. Estimate the surface tension of water.
The flow will be stopped already at finite hydrostatic pressure and you can see a
small water drop at the end of the pipe. In this case the surface tension of water
causes an internal pressure in the drop and this pressure holds equilibrium with
the hydrostatic pressure.
The internal pressure of the drop:

pi = 2α ,
r

where pi is the internal pressure, α is the surface tension and r is the radius of
the pipe (and the drop). Estimate the surface tension of water based on your
measurement.
And let see two graphs from a report:
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Training of EUSO teams and results
After all of the selection competitions every team members and mentors have a
meeting in Szeged or in Budapest for one or two days where the final teams are
formed and members can get to know each other. In addition some data analysis
techniques, as graph plotting, line fitting or error estimation are explained, and the
students can make some simple measurements by devices commonly used (e.g.
multimeters) together. They can study the text of former EUSO problems, but there
is no possibility to perform complex measurements and really solve the problems.
Here is a potential for improvement: the teams should make some experimental
work together and learn more how to cooperate during the competition.
The EUSO results of Hungary – compared to the size and the possibilities of the
country – are till now very good: at least one gold medal in each year (two times
two gold medals) and absolute winner in 2011 and in 2014. The main reasons of
these results, in addition to the long tradition of science competitions, are a few
very good secondary schools with very good teachers. Unfortunately the number
of these really good schools is really low (under ten) and team members have to
be chosen from smaller groups of interested student each year. There is no hope in
the near future that this tendency will be reversed. So that our future success is not
guaranteed at all. But we will try our best …

[1] KöMaL – Mathematical and Physical Journal for Secondary Schools
http://www.komal.hu/info/bemutatkozas.e.shtml

For further information
Country Coordinator Péter Vankó
Institute of Physics,
Budapest University of Technology and Economics
Budapest, Budafoki út 8., H-1111, Hungary
Phone: +36302425889 (mobile)
E-mail: Vanko@mono.eik.bme.hu
Website of the Hungarian EUSO:
http://mono.eik.bme.hu/~vanko/fizika/euso.htm
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IX. Selection and training of students in Italy
The activities connected to the Italian participation to EUSO are part of a national
programme of the Ministry of education, University and scientific research aimed
at appreciating excellence in the school. The initiative of the Ministry addresses
students attending upper secondary school and aims at promoting a raise in the
standard of learning, and guaranteeing every student equal opportunities to develop
their own skills and to support the qualification of schools formative offer.
In Italy scientific subjects in upper secondary school are mainly taught in two separate courses: “Science” and “Physics”. The former, under the general term of “Science” includes Biology, Chemistry and Earth Science. The teacher of Physics, on the
other hand, can also teach Maths.
Final exams do not include a lab test for scientific subjects and experimental activities in the teaching of science, though strongly recommended, are not compulsory.
In recent years the Ministry of education implements initiatives which focus on the
importance of practices and crosscutting concepts in teaching and learning science
and on the resulting opportunity to promote examples of integration in teaching
science and to favour cooperation among teachers of various scientific subjects.
In this context the Association of Physics teaching (AIF) welcomed in 2011 the
proposal to join EUSO with the belief that group work and experimental activity
aimed to solve problems connected to everyday life are essential instruments to
capture the interest for science of young people.
Selection of EUSO teams
The Italian participation to EUSO is coordinated by the Association of Physics teaching
(AIF), with the cooperation of the department of Biology of the University of Padua.
Back in 1993 in the framework of the Italian Physics Olympiads a competition was
organized addressing “under 16” students who were then moving their first steps in
Physics. The National Association of Natural Science Teachers has been organizing
since 2011 the Games of Experimental Sciences, a competition addressing pupils in
the lower secondary school. The teaching division of the Italian Society for Chemistry
has been organizing since 1984 the chemistry Games with a section for under 16. We
therefore had a good starting point to join EUSO.
At present, after three participation to EUSO, the procedure for team formation is
the following:
1) After a public announcement to school institutions we receive from schools the
names of students who are willing to take part in the first selection. Credit for the
admission is provided by the results obtained in the junior Olympiads of Physics,
Biology and Chemistry. The Institutes that wish to take part in the initiative are
requested to appoint three teachers as mentors, one for each subject. They will
coach the preparation to the tests of the students of their Institute. Whenever
possible the building up of networks of cooperating teachers among geographically neighbouring Institutes as well as the collaboration with local university
laboratories, is greatly encouraged.
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2) At the beginning of December, in all the schools that have registered a test is
arranged which is easier than the ones suggested for the international competition, but which follows the same EUSO model based on team work. The text, the
directions for the preparation and the evaluation grids are the same for all the
schools and are sent to all mentors two months before the test.
The mentors arrange the test according to the instructions, but if they need extra
help, they can contact other registered schools, local universities and the National
team of organizers. On the day of the test the students work in a team as in EUSO.
First, schools choose the best three teams according to the score. Then, the national
scientific Committee establishes the ‘sample group’ of every school taking into account also each student’s individual merits. In this phase, we have decided to count
on the ability to collaborate in a team, to acknowledge everybody’s educational and
experimental procedure skills together with the ability to take up their own responsibilities. We are aware that schools on their turn are elaborating winning strategies
for the creation of teams that will take part in the competition.
3) In the month of February the ten best ‘sample teams’ are admitted to the National competition which takes place in the laboratories of the Department of Biology
of the University of Padua.
The competition is similar to a single International EUSO test, where students work
in a team for 4 – 5 hours. As students are under age all teams are always accompanied
by one of their mentor teachers and the meeting in Padua provides an opportunity
to discuss the best strategies schools can adopt for addressing excellence students.
4) The national competition ends with the awards of the certificates of merit and
with the announcement of the two teams that will take part in the spring EUSO.
This selection procedure may be laborious, aiming at combining support for the
excellence of gifted young people and for excellence of schools and teaching of science. The Italian delegation has been taking part in EUSO since 2012; in Vilnius, in
Luxembourg, in Athens, a total of six teams of Italian boys and girls have tried, since
then, the tests resulting into two silver medals.
Out of the 18 participating students only seven were girls, thus confirming even in
EUSO a male predominance already observed in Italian teams (as well as in many
other teams) in all scientific Olympiads.
For further information
Country Coordinator Giuliana Cavaggioni
Giochi di Anacleto
Pz. Longo, 3
30037 - Peseggia (VE), Italy
Phone: +39 041 5830672
E-mail: GCavaggioni@physics.org
Website of the Italian EUSO:
http://www.euso.it
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X. Selection and training of students in Luxembourg

Number of participating students

General information about the competition
The non-profit organisation “Olympiades luxembourgeoises des sciences naturelles
a.s.b.l.” has organised a national competition for natural sciences in Luxembourg,
called “Lëtzebuerger Naturwëssenschaftsolympiad” since 2008. The objectives of
2500
this competition are, on the one hand, to
2000
stimulate gifted science students in order
1500
to develop their talents and, on the other
hand, to select those pupils that will repre1000
sent Luxembourg at EUSO.
500
Luxembourgish secondary school pupils
0
who have not yet reached the age of 17
2007/08 2008/09 2009/10 2010/11 2011/12 2012/13 2013/14
Year of competition
in the calendar year prior to EUSO are
allowed to participate.
Number of students participating in the national
The
competition is organised in three
competition.
rounds. The first round takes place in the
participating secondary schools; the second and the final rounds are organised in a
secondary school in Luxembourg City. The questions and tasks for the three rounds
are set up by a national jury composed of 10 people: one chairman, three biology
teachers, three chemistry teachers and three physics teachers.
When the competition was organised for the first time in 2008, 424 pupils participated. Since then, the amount of students interested in this kind of contest has risen
to a maximum of 1999 participants in 2014 (see Fig. above).
First and second round
The first round is organised in November in the different secondary
schools across the country. Each
pupil gets 30 Multiple-Choice-Questions about biology, chemistry and
physics. They have 50 minutes to answer the questions. For each correct
question the students get five marks,
if they do not answer a question they
get two marks.
The 75 pupils with the highest marks qualify for the second round which is also
an individual and theoretical round but with a practical background. This round is
organised in December at the Lycée de Garçons de Luxembourg. The 75 pupils have
three hours to complete the tasks, which are related to scientific experiments. The
following skills are tested in the different tasks: drawing conclusions, making calculations, drawing graphs, interpreting values and describing scientific procedures.
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The 24 pupils with the highest marks after the first two rounds qualify for the final
round.
Final round
The final round, which takes place in January or February, is a team competition
with practical exercises in all three subjects. Each team consists of three pupils who
have been assembled after their results in the second round. Before the competition
itself, the teams have half an hour to get to know each other and to discuss their
working strategy. Then they have three hours to complete the different practical
tasks. The procedure is very close to the competitions at EUSO but the requirements are at a lower level.
The results of the final round
are revealed in an official ceremony. All the pupils who have
participated in the final round
are honoured and the prizes
are handed over by the minister of education. The two best
teams are selected to represent
Luxembourg at EUSO.
Preparation for EUSO and
partners of the competition
The 6 selected students have to
participate in 7 half-day preparation sessions. Four of these sessions are integrated
in one special weekend, where the students stay together overnight. This improves
their teamwork capacity and gives them the opportunity to get to know each other
better. During the weekend, the pupils are accompanied by the teachers who will
join them for the EUSO.
Important partners for the organizers of the national selection are the Ministry of
education, the “Fonds national de la Recherche”, the national associations of biologists (ABIOL), chemists (ACHIL) and physicists (APHYL).

For further information
Country Coordinator Jeff Kohnen
Atert-Lycée Redange
1, rue du Lycée
L-8508 Redange, Luxembourg
Phone: +352 26 62 32 - 200
E-mail: jeff.kohnen@education.lu
Website of the EUSO in Luxembourg:
http://www.nwo.lu
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XI. Selection and training of students in the Netherlands
Selection procedure
The participants in the EUSO in
the Netherlands are pupils in the
second phase of their havo (higher general secondary) or vwo
(pre-university) education who
have opted for a nature profile.
The pupils may not be older than
16 years of age in the calendar
year prior to the international
competition. The selection of
teams is the first matter of importance, not the selection of individual pupils.
Pupils register per team at the central national registration office in September/
October. A team consists of three pupils from one school or from different schools.
A combination of havo- and vwo-pupils in the same team is also allowed. This is
scarcely the case in practice.
Initial selection round: the regional qualifying round
The initial selection round, the so-called regional qualifying round, takes place in
November/December at the science faculty of universities or the technology faculty
of academic colleges. This round lasts one day. The date of the regional qualifying
round is essentially the same for all of the participating institutions. Each year, the
national EUSO-committee supplies new sample exercises with a teacher’s manual
and a correction model that the institutions can use. The institution is under no obligation to use these exercises. An institution is allowed to adjust these exercises as
it sees fit or may opt to use other exercises. Should an institution have any weighty
reasons to deviate from the collective date, then this can be arranged in consultation with the EUSO-secretariat. The institution concerned will then be obligated
to arrange for its own exercises and must submit these to the national EUSO-committee beforehand. The exercises consist of practical exercises and must concern at
least two of the three subjects: biology, chemistry and physics. In addition to their
theoretical knowledge, the teams are mostly judged on practical skills, the ability to
work together, planning, obtaining data and data processing. The number of teams
that an institution is to accommodate varies between 8 to 24, depending upon the
available laboratory facilities.
The outcome, which is determined by the institutions themselves, is made known
on the same day. The winning team of each university or academic college will
then go on to the national final round, whereas the number two team serves as the
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reserve team for the institution concerned. There are ultimately ten teams that qualify for the national final round.
The competition is set up in such a way that the pupils, even if they do not win, still
experience an extremely interesting and instructive day. There is usually a tour of
the university/academic college, during which the pupils become better acquainted
(often for the first time) with the university/academic college concerned.
The institutions that will participate in the regional qualifying round are: Radboud
University Nijmegen (RUN), State University of Groningen (RuG), Technical University of Eindhoven (TU/e), University of Amsterdam (UvA), University of Leiden (LEI),
University of Maastricht (UM), University of Utrecht (UU), University of Twente
(UT), Free University of Amsterdam (VU), Wageningen University (WU) and the
Academic College of Arnhem and Nijmegen (HAN University of Applied Sciences).
Second selection round: the national final round
The national selection is to take place at the end of January/beginning of February
alternately at the State University of Groningen and the Radboud University Nijmegen. This final round will last for two days (a Friday and a Saturday) during which
the pupils will conduct practical exercises in all three subjects: biology, physics
and chemistry. The exercises are organised in such a way that the pupils must independently draw up a schedule and distribute tasks for the period of two days.
For example, if an exercise requires a long incubation period or drying time, then
the pupils must realise beforehand that it is best to do this overnight, as they will
otherwise be pressed for time. The
pupils must furthermore work as a
team: the tasks are distributed, to
be sure, but not a priori among the
disciplines. The pupils assist and support each other and provide feedback
amongst themselves on the (measuring) results. The focus in evaluating
the tests is on data collection and
data processing, and subsequently
drawing conclusions. The teams are
also judged for their practical skills,
safety awareness and the degree to which they work together. The yield and purity
(melting point, spectra) are important with respect to syntheses. Purely theoretical
knowledge is less important.
On the second day, during a festive get-together in the presence of parents, the
school officials concerned and a number of guests, it will be announced which two
teams are to be invited to represent our country during the international competition and which team will act as the reserve team.
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One-day preparation for the international EUSO
The two selected teams will receive a one-day training course at the RUN or the
RuG (at the university where the national selection does not take place in the year
concerned).
The pupils will carry out three experiments during this day of training. The focus
during and after these experiments will be on the accuracy of the data collection
and processing the measuring results into surveyable tables and diagrams, stating
the quantities and units.
The pupils will furthermore receive tips, sources of information and recommendations with which to further prepare for the international competition. If they desire,
the pupils can carry out additional exercises at school in consultation with their
teacher or technical training assistant, in which experimental work in particular is
recommended.

Recruitment, information and registration
All havo and vwo schools are informed on the EUSO at the beginning of the school
year (September). This information includes posters with which to draw the pupils’
attention to the competition, leaflets for the teachers explaining the set-up of the
competition and the registration procedure and flyers for the pupils. Pupils can register for the regional qualifying round starting from mid-September up to the final
date of registration sometime around the autumn half-term (mid-October).
The registration is centrally organised. Pupils can register as a team via dokke.science.
ru.nl. Each team states its preference for a certain institution. This is taken into account as much as possible.
A definitive division of the teams will be made known within a week after the
pre-registration has closed. The stating points in this respect are the date of registration, the institution selected and the distribution of available spots among as many
schools as possible.
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The pupils will be notified of their placement via the national secretariat and the
participating institutions will be informed of the pupils that have been placed at the
institution concerned. The institutions will then send the invitation for the regional
qualifying round to the pupils’ homes. The participation is free of charge, both for
the schools as well as the pupils.
Supervision during the international EUSO
The selection of the two teams, the preparation for and the supervision of the teams
during the international competition is the responsibility of the National EUSOcommittee. Parents and school staff are excluded from this. The national EUSO-committee also makes the test assignments.
Goals
Besides the international goals of the EUSO, there are also goals that apply
speciﬁcally to the Netherlands:
Goals for the pupils:
• Having pupils become acquainted with advanced training programmes,
• Bringing pupils from different schools into contact with one another.
• Demonstrating to pupils and having them experience that internationalisation is
important in science.
Goals for the Dutch education sector:
• Promoting the co-ordination and the coherence within the science disciplines.
• Coming to inspiring, integrated exercises and practical exercises (for gifted pupils)
for the science disciplines.
• Motivating and enthusing more pupils for an advanced training programme in
science.
• Maintaining and expanding international contacts for counsellors and supporting
institutions. Becoming further acquainted with each other’s curricula.
• Realising a continuous (training) line for olympiads and other competitions: (IJSO
(form 3), EUSO (form 4/5), mono-disciplinary olympiads (Bio, phy, che and others
form 5/6)

E.H.M.H.
For further information

Country Coordinator E.H.M.H. Emiel de Kleijn
P.O.Box 2014, 7500 CA Enschede
Visiting address: Piet Heinstraat 12 , 7511 JE Enschede
the Netherlands
E-mail: e.dekleijn@slo.nl
Website of the Dutch EUSO:
http://www.eusonederland.nl
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XII. Selection and training of students in Sweden
Organisation of EUSO in Sweden
Sweden has participated in the EUSO from the very start and has also organized it
once in 2010. The Swedish EUSO committee is composed of one member each from
the following seven bodies: The Association for Teachers in Mathematics, Natural
Science and Technology, The Association of Biology Teachers, The Swedish Chemical Society, The Swedish Physical Society, Swedish Centre for School Biology and
Biotechnology, The National Resource Center for Chemistry Teachers, The National
Resource Center for Physics.
The committee generally meets once a year to evaluate the activities of the last year
and to plan for the coming year. The purpose of the committee is to oversee and
organize the selection process of the teams that will compete in the EUSO.
The main goals of the Swedish EUSO are to promote science education, encourage
science teachers and stimulate pupil’s interest in studying natural sciences.
From the beginning it was primarily teachers working with 9th-graders in the compulsory school that worked with the EUSO in Sweden. But as of two years ago,
10th-graders (from the upper secondary school) are allowed to participate.
Despite clear evidence that the 10th-graders usually produce better results, the
Swedish EUSO committee has realized that it is important to also let the best
9th-graders participate in the EUSO. The compulsory school is nine years long in
Sweden, which means that after 9th grade, the pupils move to another school (upper secondary school). As we want to continue to encourage compulsory school
teachers to motivate their pupils to study the natural sciences, it is important that
these teachers see that their pupils also have a chance to reach the EUSO.
The organisation is very lean –both in terms of personnel and monetary resources
– which means that it is vital to have efficient processes. EUSO in Sweden is mainly
supported by grants from The Swedish National Agency for Education (Skolverket),
but some financial support also comes from independent foundations. EUSO Sweden also cooperates with various universities.
In Sweden, pupils are individually selected for the EUSO. The selection process goes
through two stages.
The qualifying round
The EUSO-year begins in late August when an invitation for the qualifying round
is sent out via e-mail to all Swedish compulsory schools with students in their last
year as well as to all upper secondary school. The invitations are geared towards
the teachers, since it is only they that can register interest to participate online
until mid-October on the Swedish EUSO-homepage. That way, we can easily monitor the number of participants each year.
Parallel to the registration process, members of the national EUSO committee, as
well as various colleagues, provide questions within the fields of biology, chemistry
and physics. These questions are theoretical, but often have a practical connection.
They should make the pupil have to think before answering and reward a deeper
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understanding of scientific principles. Also, if possible, the questions should integrate the various sciences.
Based on all the questions that are sent in, a final draft is put together and sent out
for review by the committee. Typically, the test is composed of approximately 30
questions which should be answered in 80 minutes. The questions are usually multiple choice or short answer questions.
The qualifying round always takes place on the same day in all participating schools.
A few days before, the test and the correction template are sent out by the country
coordinator to all teachers who have registered their interest. After the test, the
teachers use the correction template to grade the work. Each participating school
is asked to send in the tests with their best three scores. To ensure a fair treatment,
the national EUSO-committee then double-checks all these tests and based on the
results, they finally select 12 9th-graders and 12 10th-graders for the national final.
National final and Training camp
The national final is held in Stockholm during a weekend an the end of January.
Since Sweden is a large country, we must plan for long train journeys. The finalists
get to know each other on the first evening, and usually have a very good time,
partly because there is still a very expectant feeling in the air.
The actual competition is held the next day and it is divided into three parts, based
on the three subject areas biology, chemistry and physics. The exercises are mainly
practical in nature. To simulate the way that the EUSO
is done, the pupils are divided into groups of three. The
teams are supervised and monitored and are judged on
practical skills, ability to work together, planning, measuring and data processing. The final is then concluded
with a big cake!
From the 24 pupils that participated in the national final,
six are selected to represent Sweden in the EUSO. The
rules stipulate that three of them shall be 9th-graders
and the other three shall be 10th-graders.
Sometime in February or March, a three day training camp is held for the six EUSO
finalists, hosted by a university. The training focuses on practical and mathematical
techniques required to solve the EUSO tasks. Based on the various individual skills
of the pupils and their ability to work with each other, the two teams are formed.
Finally, they all receive additional material that they can read and work with in final
preparation for the EUSO.
For further information
Country Coordinator Jonas Forshamn
EUSO
c/o Svenska Kemistsamfundet
Wallingatan 24 3tr
111 24 Stockholm, Sweden
E-mail: info@euso.se
Website of the EUSO in Sweden:
http://www.euso.se
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Tasks of the EUSOs 2003 – 2007
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The first volume Challenging interdisciplinary science experiments: Volume 1 – Tasks
of the European Union Science Olympiads 2003 – 2007, edited by M.A. Cotter and
S. Petersen contains the experiments of the first five EUSOs. The topics investigated
in these tasks range from biocatalysts to mussel physiology, from chemiluminescence to water analysis and from Boyle’s law to the properties of starch products.
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