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Pre-university Science Olympiad - Paper 2

Chlorophyll is the most important light‐absorbing photosynthetic pigment. Below you can see its molecular
diagram with its possible variations:

To what molecular estructure should we find Chlorophyll attached to?
We should find it attached to a lipid membrane
We should find it attached to hydrophilic residues of a protein
We should find it attached to carbohydrates
We should find it attached to Vitamin C
We should fin it attached to polar residues of a protein
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Electrophoresis is a very valuable tool when we are dealing with nucleic acids and proteins.

To wich electrode will the a one strand RNA move towards to?
The positive electrode
The negative electrode
It will not move because it has no charge
It will not move because it is one strand
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Below you can see a diagram of Polyribosomes:

As you can see, a single RNA is traduced simultaneously by several ribosomes. What are some advantages to
this process?
Polyribosomes make the proccess of traduction faster
Polyribosomes allow proteins to be synthesized at all times
Polyribosomes make the process of traduction slower and thus with less errors
Polyribosomes are necessary for the synthesis of proteins that must be exported like collagen
Polyribosomes need specifically 5 ribosomes
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Based on the diagram, what can we conclude about cortisol?
Cortisol is a Hydrophobic molecule
Cortisol is a Hydrophilic molecule
The interaction of cortisol with a specific receptor causes the synthesis of a protein
Cortisol does not need a receptor to cross the membrane because it is hydrophilic

I believe that as the methods of structural chemistry are further applied to physiological problems, it will be
found that the significance of the hydrogen bond for physiology is greater than that of any other single structural
feature.
—Linus Pauling,
The Nature of the Chemical Bond, 1939
What are examples that support this quote?
RNA structure
DNA structure
Hemoglobin solubility
Peptide bonds
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In a Christmas' lights factory, two engineers discuss whether the bulbs should be connected in
series or in parallel. They want the bulbs to light as brightly as possible, what connection will
accomplish that?
Series
Parallel
Both will light the same

What happens to the electrical conductivity of a metal as it heats up?
It increases
It decreases
It remains unchanged

The mean velocity of a bear is 40km/h and Usain Bolt can run at 10.4m/s . Who is faster? (Help: Convert
units and compare the results)
Bolt
A bear
They have the same velocity

A cylinder, sphere, and thin-walled ring are placed on an inclined plane, all with the same mass
and radius. If they are released at the same time and they all roll without slipping, set the order of
arrival at the end of the plane. (Help: The moments of inertia of each are 12 mr2 , 25 mr2 and
mr

2

respectively)
1. Cylinder, 2. Ring, 3. Sphere
1. Ring, 2. Cylinder, 3. Sphere
1. Sphere, 2. Cylinder, 3. Ring
None of the above
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Two identical particles charged, are separated by a distance r. What must be the ratio between
the magnitude of the mass and the magnitude of the electric charge such that its repulsion and
gravitational attraction forces cancel each other? (Help: Use only the law of gravitational
attraction and Coulomb's law)
The ratio

m
q

is (Round your answer to two decimal places):

×10

10

kg/C

Can a double displacement reaction at the same time be a neutralization reaction?
Yes
No

Elements A and B have 8 and 4 electrons respectively, using this information, determine which of the following
literals are correct (there may be more than one correct literal).
They belong to groups VI A and II A of the periodic system, respectively.
They belong to period 2.
The compound formed by both is joined by a covalent bond.
The compound formed by both is joined by an ion bond.

Which of the following hydrocarbons contains only simple links?
Alkanes
Alkenes
Alkynes
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Choose the literal that contains the names of the following organic compounds (the nomenclature
used is that described by the IUPAC).

A: 4-isopropyl-2,2,3,6-tetramethyloctane
B: 3-ethyl-2,4,5-trimethylheptane
C: 6-bromo-2-methylhept-3-ino
D: 1,1-diethyl-4-isopropylcyclohexane.

A: 2,2-diethyl-4-isopropyl-3,6-tetramethyloctane
B: 2,4,5-trimethyl-3-ethylheptane
C: 6-bromo-2-methylhept-3-ino
D: 1,1-diethyl-4-isopropylcyclohexane
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A: 4-isopropyl-2,2,3,6-tetramethyloctane
B: 3-ethyl-2,4,5-trimethylheptane
C: 6-bromide-2-methylhept-3-ino
D: 1,1-diethyl-4-isopropylcyclohexene.

When 1.57mol of O2 react with H2 to form H2 O, how many H2 moles are consumed in the
process?
O2 + H2 ⇌ 2H2 O
12.4mol
4.6mol

of H2
of H2

3.4mol

of H2

2.7mol

of H2
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The study of membrane proteins has always been a challenge since it is very difficult to extract them without
damaging their properties. As a matter of fact, fewer than 1 percent of the known high‐resolution protein
structures represent integral membrane protein. Because of this difficulty, researchers have to divide the study
the protein in its different domains.

One way of studying the transmembrane regions is to build a Hydropathy plot for the domain. To build this plot,
we transfer each segment of the polypeptide from a nonpolar solvent to an aqueous medium and measure the
free energy required to do this. Consider the Hydropathy plot below of the glycophorin A, a transmembrane
protein.
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To which part of the transmembrane protein does to purple peak most likely corresponds to?

a) Extracellular region (aminoacids 10-16)
b) Extracellular region (aminoacids 50-60)
c) Transmembrane region (aminoacids 80-90)
d) Intracellular region (aminoacids 100-120)
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The figure below illustrates the mechanisms of “Jumping Genes” or Transposons:

Based on the illustration and the information stored in the DNA, what implications do you think transposons can
have / have had to our species?
a) Transposons can unify two segments of DNA that were previously unrelated
c) Transposons may have led to the creation of different genes
d) It is very likely when transposons are active, they have implications with genes that act in a
Mendelian way.

Transposons sequences have also been found in the eukaryotic sequences that transcription factors bind to the
DNA. These sequences are similar to sequences presented in distant vertebrate relatives. Would it be plausible
to infer that these similarities and overall evolutionary conservation suggests a beneficial role for their hosts?
a) Yes
b) No
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Restriction Endonucleases are enzimes used for a wide range of purposes in the lab. They first evolved as
mechanisms that protected bacteria from viral genetic material. Below are some Restrictions Endonucleases
Type II:

Imagine we use Restriction Endonucleases to create a recombinated plasmid. Assuming I just have Restriction
Endonucleases at my disposal, which enzimes (in the table) would allow me to create and bind a new plasmid?

BamHI
ClaI
EcoRI
HaeIII
HindIII
NotI
PstI
PvuII
Tth111I
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Gel filtration is an eperimental pathway used to separate proteins (or nucleic acids) primarily on the basis of
their effective size (hydrodynamic radius). the separation material consists of tiny beads that are packed into a
column through which the protein solution slowly passes. Below you can see a diagram of Gel filtration
chromatography:

Imagine we fraction a solution with two proteins, protein A with 250,000 daltons and protein B with 150,000
daltons. Which protein will be filtered first?
Protein A
Protein B
Both will stagnate at the method

A scale is balanced with 3kg of gold on one side and 3kg of silver on the other. If the scale is
submerged in water, which way will it tip towards to? Why?
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A lamp has a resistance of 40Ω and is supplied with a voltage of 100V . If the cost of 1kW h of
electric energy is $0.20, how much does it cost to use the lamp for a full day?
Using the lamp for a full day costs: $

A small ball of uniform density equal to

1
2

the density of water is dropped into a pool from a

height of 5m above the surface. Calculate the maximum depth the ball reaches before it is
returned due to its bouyancy. (Omit the air and water drag forces).
The maximum depth reached is:

meters below the surface.

Carlos has a parallel plate capacitor where the charge of one of the plates is Q
of the other is q

= 1 × 10

−6

C

= 5 × 10

−6

C

and the charge

. His curiosity leads him to introduce an uncharged metal plate right in the

middle and parallel to the other two plates. Very soon he realizes that the middle plate is induced with a charge
on its sides, find both charges induced.

The induced charge on the upper side is:

×10

The induced charge on the lower side is:

×10
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The army is testing a new method to calculate the speed of its bullets consisting of a block of
mass m

= 7kg

attached to a spring of elastic constant k

= 1100N /m

, on a table without

friction as shown in the figure:

They fire a bullet of mass m

= 40grams

spring to compress a maximum distance d

and it becomes embedded in the block causing the
. Calculate the initial velocity of the bullet.

= 30cm

(Omit all kinds of energy loss from the bullet such as sound or heat.)
The initial speed of the bullet was:
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is the proportion of product molarities to equilibrium reagents. It is a number that relates the
amount of product it forms when there is a number, x, of reagent. Kp describes the relationship
between product and reagent concentrations in equilibrium in terms of partial pressures.
Kc

For the reaction:

aA(g) + bB(g) ⇌ cC(g) + dD(g)

Kc =

Kp =

c

d

a

b

[C ] [D]

[A] [B]
c

d

a

b

(PC ) (PD )

(PA ) (PB )

Knowing this, under what conditions Kc is it equal to Kp ?
When the temperature is equal to half the constant of the ideal gases.
When the variation of moles is equal to 0 (Δn

= 0

).

When the variation of moles is equal to 1 (Δn

= 1

).

When the temperature is greater than twice the sum of the molarities of the products and reagents.
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Select the following statements that are correct for the reaction between copper nitrate (II),
Cu(NO3)2, and sodium hydroxide, N aOH . Choose the literals you think are correct.

Cu(N O3 )2 + 2N aOH ⇌ 2N aN O3 + Cu(OH )2

When performing the reaction taking 50g of C u(N O3 ) 2 and 26g of N aOH , the limiting reactant is
sodium hydroxide, N aOH .
The reaction between copper nitrate (II) and sodium hydroxide is an example of a double
displacement reaction.
When performing the reaction taking 24g of
are produced.

C u(N O3 ) 2

and

21g

of N aOH , 92g of

N aN O3

When performing the reaction taking 37g of N aOH with a dissolution of C u(N O3 ) 2 in excess, we
obtain 45.112g of C u(OH ) 2 .
The reaction between copper nitrate (II) and sodium hydroxide is an example of a neutralization
reaction.
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The image represents a series of reactions, in which the letters A, B, and X represent different
elements of it. The letter A represents the initial reagent of the reaction series, the letter B
represents the final product of the chain, and the letter X represents a reagent of one of the
reactions.

Form the following literals choose, the one that possesses the compounds that represent the
letters in the reaction:

a)

b)
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c)

Answer using two decimal places, if necessary, approximate the answer.
Under constant volume conditions, the combustion heat of glucose (C6 H12 O6 ) is
15, 576kJ /g

. A sample of

2, 500g

of glucose was burned in a calorimetric pump. The

calorimeter temperature was increased from
the calorimeter is

kJ /g

∘

20, 55 C

to

∘

23, 25 C

. The total heat capacity of

.

A team of researchers wants to determine the pH for a 0.15 M solution of H2 S O4 .

H2 S O4 (ac) ⇌ H
−

HS O

4

(ac) ⇌ H

+

+

−

(ac) + HS O

4

−2

(ac) + S O

4

(ac)

(ac)

Ka1 = ∞
Ka2 = 1.2 ∗ 10

−2

The team of researchers determined that the pH is equal to:
0.8
13
0.6
7
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Excerpt from Chapter 5, Sapiens: A Brief History of Humankind
Think for a moment about the Agricultural Revolution from the viewpoint of wheat. Ten thousand years ago
wheat was just a wild grass, one of many, confined to a small range in the Middle East. Suddenly, within just a
few short millennia, it was growing all over the world. According to the basic evolutionary criteria of survival and
reproduction, wheat has become one of the most successful plants in the history of the earth.
In areas such as the Great Plains of North America, where not a single wheat stalk grew 10,000 years ago, you
can today walk for hundreds upon hundreds of kilometers without encountering any other plant. Worldwide,
wheat covers about 2.25 million square kilometers of the globe’s surface, almost ten times the size of Britain.
How did this grass turn from insignificant to ubiquitous?
Wheat did it by manipulating Homo sapiens to its advantage. This ape had been living a fairly comfortable life
hunting and gathering until about 10,000 years ago, but then began to invest more and more effort in cultivating
wheat. Within a couple of millennia, humans in many parts of the world were doing little from dawn to dusk
other than taking care of wheat plants. It wasn’t easy. Wheat demanded a lot of them. Wheat didn’t like rocks
and pebbles, so Sapiens broke their backs clearing fields. Wheat didn’t like sharing its space, water, and
nutrients with other plants, so men and women labored long days weeding under the scorching sun. Wheat got
sick, so Sapiens had to keep a watch out for worms and blight. Wheat was defenseless against other
organisms that liked to eat it, from rabbits to locust swarms, so the farmers had to guard and protect it. Wheat
was thirsty, so humans lugged water from springs and streams to water it. Its hunger even impelled Sapiens to
collect animal feces to nourish the ground in which wheat grew.
The body of Homo sapiens had not evolved for such tasks. It was adapted to climbing apple trees and running
after gazelles, not to clearing rocks and carrying water buckets. Human spines, knees, necks, and arches paid
the price. Studies of ancient skeletons indicate that the transition to agriculture brought about a plethora of
ailments, such as slipped disks, arthritis, and hernias. Moreover, the new agricultural tasks demanded so much
time that people were forced to settle permanently next to their wheat fields. This completely changed their way
of life. We did not domesticate wheat. It domesticated us. The word “domesticate” comes from the Latin domus,
which means “house.” Who’s the one living in a house? Not the wheat. It’s the Sapiens.
How did wheat convince Homo sapiens to exchange a rather good life for a more miserable existence? What
did it offer in return?
--------------------------------------------------------As you can see, there are societal reforms that may not go with our biology or genetics. This is just one of a
myriad of examples we have imposed other rules over our biological needs or constructions. From a scientific
point of view, should a society be built upon the biological needs or are there other factors that are more
important? (take biological needs like eat, breath, sleep, etc.)
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Below you can see the abstract of Nick Bostrom's paper where he argues that the idea we live in a simulation is
very probable.

What conseceunces would living in a simulation have in our natural world? Would that mean there are cut
corners in science (Things not totally designed)? Would it be futile to fathom this problem?

You don't need to read the whole paper to answer the question, however, you can consult Nick Bostrom's paper
in the following link https://www.simulation-argument.com/simulation.html (https://www.simulationargument.com/simulation.html).
Alternatively, if you want a better explanantion of what we mean with cutting corners in science, you may look
this video Max Tegmark: Can We Reverse Engineer the Simulation from Within the Simulation?
(https://www.youtube.com/watch?v=qG9R7dKuE9Y) The video is 8 minutes long so be careful with your time.
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Is free will an illusion like Brian Greene argues through physics, or is it a real phenomenon that emerges from
the evolution of organisms? In other words, is evolution the proof of free will or is it the detractor of free will?
After all, organisms are molded by the enviroment. Don't be afraid to explain to answer.
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What possible explanations would you give to the Fermi Paradox?
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In what ways does this support the simulation theory?
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