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EXAMINATION RULES  

 

 

1. You are NOT allowed to bring any personal items into the examination room, except for the 

water bottle, personal medicine or approved personal medical equipment.  

 

2. You must sit at your designated desk.  

 

3. Check the stationery items (pen, calculator, and scrap paper) provided by the organizers.  

 

4. Do NOT start answering the questions before the “START” signal.  

 

5. You are NOT allowed to leave the examination room during the examination except in an 

emergency in which case you will be accompanied by a supervisor/volunteer/invigilator.  

 

6. If you need to visit the bathroom, please raise your hand.  

 

7. Do NOT disturb other competitors. If you need any assistance, raise your hand and wait for a 

supervisor to come.  

 

8. Do NOT discuss the examination questions. You must stay at your desk until the end of the 

examination time, even if you have finished the exam.  

 

9. At the end of the examination time you will hear the “STOP” signal. Do NOT write anything 

more on the answer sheet after this stop signal. Arrange the exam, answer sheets, and the 

stationary items (pen, calculator, and scrap paper) neatly on your desk. Do not leave the room 

before all the answer sheets have been collected. 
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EXAM INSTRUCTIONS  

 

 

1. After the “START” signal, you will have 4 hours to complete the exam.  

 

2. ONLY use the pen,pencil and other equipment  provided by the organizers.  

 

3. Check if your name, code and country name are filled in your  sheets..  

 

4. You have 60 pages of the exam sheet containing 5 questions – including the front page. Raise 

your hand, if you find any sheets missing.  

 

5. Read the problems carefully and write the correct answers in the corresponding spaces after 

each question in this document.  

 

6. This paper will be evaluated. Before writing your answers you may use the scrap paper 

provided to avoid errors on your paper.  

 

7. The number of points that can be obtained is indicated for each question.  

 

9. Useful information for answering the questions is provided on page 4.  

 

10. Always show your calculations. If you do not show your calculations, no points are awarded 

for the question.  

 

11. You should write your final answers down in the appropriate number of digits. 
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EXPERIMENT 1: ELECTRONIC MODEL OF OLFACTORY SENSORY NEURONS 

The smell is the faculty or power of perceiving odors or scents by means of the organs in the 

nose. In many animals from different phylums, this process involves a special and sophisticated 

tissue localized in the roof of the nasal cavity called olfactory epithelium (Fig 1.1). 

The main cell during smell perception is the olfactory sensory neuron (OSN, green in Fig 1.2), 

which has a particular bipolar morphology, with a knob going inside of the nasal cavity protruding 

many cilia in contact with the mucus.                                     

  

  

                  

  

 

 

Figure 1.1. Nasal cavity                                 Figure 1.2. Olfactory epithelium 

Every cell has a potential difference (voltage) across the cell membrane. In neuro-electrical 

experiments it is defined that the exterior of the cell has a potential equal to zero. When there is 

no signal from outside of the cilia, no odorants in the nose, the voltage across the membrane is 

constant and negative. 

The cilia membrane (Figure 1.3) is the place where the odorants bind to its protein receptor (R) 

producing many biochemical reactions in the cytoplasm of the cilia and changing the local 

membrane voltage. This change occurs because of the opening of ion channels (proteins that 

allow the membrane to cross ions the membrane) in the membrane. The channels are of two 

different types:  

·        cyclic nucleotide-gated channels (CNG) permeable to cations, 

·        calcium dependent chloride channels (CaCC), which are permeable to chloride. 
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The voltage across the membranes at 

both channels becomes less negative 

than during resting. This change of 

voltage propagates along the dendrite (III) 

towards the soma, see Fig 1.4.                                                                                                                     

  

In this experiment you will have the 

opportunity to make a model of olfactory 

neuron checking the behavior of the 

voltage at the level of the cilia-knob (II) 

and in the soma (IV). In Fig 1.4 an 

equivalent circuit diagram is given of a 

simplified model of OSN in RESTING.

        Figure 1.3. Odor binding 
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Fig 1.4 On the left:  I– cilia, II – cilia-knob, III – dendrite and  IV– soma. On the right The 

corresponding points have been labeled in an equivalent electric circuit of the neuron in RESTING 

potential. 

Here we have a -circuit, a typical model used to describe the passive characteristics of a neuron 

cell (resistance and capacitance). Parallel resistors represent the channels in the cilia CNG (R1) 

and CaCCs (R2), internal resistance in the dendrite (R3) and the capacitance (C1), which 

corresponds to the capability of a material object or device to store electric charge. In this case it 

can be considered as the cellular membrane of the dendrite tree(III). The resistor of 5.6 MΩ (R0) 

and 9.0 V battery are auxiliary elements to approximate other physiological values. 

 MATERIALS 

● 21 electric resistors and 1 electric capacitor in a packet 

● 1 battery of 9 V 

● Multimeter and cables to used 

● Model cell 

 

TASK 1 

Instructions 

To add an electronic component in the neuron model, you only have to insert it in the appropriate 

holes (labeled as in the scheme of the circuit of a neuron in RESTING potential Fig 1.4). 

• Plug in the 9.0 V battery to the proper cable, labelled as battery cable. 

• Check and select the proper resistors at for the equivalent circuit of a neuron in RESTING 

potential, with 𝑅0 = 5.6 MΩ, 𝑅1 = 5.1 kΩ, 𝑅2 = 5.1 kΩ and 𝑅3 = 4.7 kΩ.(these instructions 

were ommitted from the original paper) 

• Plug in the capacitor (𝐶1) with unknown value, this remains there for the duration of the 

experiment. 

• If the Multimeter displays the image below raise your hand and request assistance. Do not 

press the hold button on the centre of the Multimeter 



IJSO 2022                                                                                                              ExperimentalTest 
Bogotá, Colombia                                                                                                      Time: 4 hours 
 
Name…………………………………………………………………………..                              Code …………………………………………. 
___________________________________________________________________________________________________ 

___________________________________________________________________________________________________ 
Experimental Test                                                                                                                   
Page                                                                                                                  Questions and 
Answer Sheet                                                                                                  10 

 

•  
 

Questions  

1. Measure the voltage in the soma of this neuron in resting. 

 

Usoma_______________ mV  (0.2 marks) 

2. Measure the difference between the neuron resting membrane potential in the soma and 

the potential recording in the knob-cilia. 

 

Uknob_______________ mV  ( 0.2 marks) 

3. If we need to simplify our model to a simple one resistor and one capacitance, what value 

of resistance would you use? Draw the circuit. 
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         (0.3 marks) 

4. Calculate the theoretical magnitude of the constant current fluxing during resting in this 

model. 

 

_______________ pA    (0.2 marks) 

5. If there is a neuron with a body diameter two times bigger than our model, what 

components would you change in this model? 

 

  

 

          (0.2 marks) 

TASK 2 

You will change some components of the circuit to model the effect of different odor 

concentrations. In Table 1, each line represents the state of the neuron under stimulation with 

different concentrations of ODOR 1. 

         Table 1. Different concentrations of ODOR 1, with the nominal values of for the resistors. 

LINE ODORANT 

CONCENTRATION 

(M) 

R1 

(kΩ) 

R2 

(kΩ) 

R3 

(kΩ) 

1 1.0 x 10-7 5.1 5.1 4.7 

2 1.0 x 10-6 4.3 4.7 4.7 
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3 1.0 x 10-5 3.9 3.9 4.7 

4 1.0 x 10-4 1.00 2.00 4.7 

5 1.0 x 10-3 0.38 0.54 3.8 

6 1.0 x 10-2 0.38 0.38 3.6 

7 1.0x 10-1 0.30 0.38 2.0 

8 1.0 0.24 0.36 2.0 

9 10 0.20 0.36 2.0 

  Record the measured and nominal values of the resistors in the table below 

 

Nominal resistance (Ohms) Measured Resistance (Ohms) 

5.6M  

47k  

38k  

5.1k  

4.7k  

4.3k  

3.9k  
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3.8k  

3.6k  

2.0k  

1.0k  

0.54k  

0.38k  

0.36k  

0.30k  

0.24k  

        (0.2 marks) 

Questions 

1. Repeat the measurements of the voltages across membranes of the soma and the knob-

cilia, as in Task 1, for each line in Table 1. Measure the resistance of the new resistors 

before you use them. Fill in the table with the measured voltages for both of the cellular 

compartments.     (1.8 marks) 

  

LINE Usoma (V) Uknoba (V)]  

1     

2     

3     
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4     

5     

6     

7     

8     

9     

  

2. Make a plot of Usoma as a function of the concentration of odorants: ODOR 1, ODOR 2 and 

ODOR 3. For the values for ODOR 2 and ODOR 3 use the values from Table 2. Plot the 

concentration in a logarithmic scale. Table 2. ODOR 2 and ODOR 3.  (1 mark) 

ODORANT CONCENTRATION 

(M) 

ODOR 2 (V) ODOR 3 (V) 

1.0 x 10-7 -0.0835 -0.08793 

1.0 x 10-6 -0.0829 -0.08764 

1.0 x 10-5 -0.0820 -0.0774 
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1.0 x 10-4 -0.0823 -0.07178 

1.0 x 10-3 -0.0802 -0.06362 

1.0 x 10-2 -0.0671 -0.05867 

1.0x 10-1 -0.0545 -0.0558 

1.0 -0.0411 -0.0536 

10 -0.0413 -0.0533 
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3. Plot in the same graph Usoma and Uknob for ODOR 1 as a function of concentration. Plot the 

concentration in a logarithmic scale    (1 mark) 
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Affinity (α) is defined as a higher response to the same concentration of stimulus. 

4. Organize all the 3 odorants according to their affinity value (αODOR1, αODOR2 and αODOR2) 

from the highest to the lowest one.     (0.5 marks) 



IJSO 2022                                                                                                              ExperimentalTest 
Bogotá, Colombia                                                                                                      Time: 4 hours 
 
Name…………………………………………………………………………..                              Code …………………………………………. 
___________________________________________________________________________________________________ 

___________________________________________________________________________________________________ 
Experimental Test                                                                                                                   
Page                                                                                                                  Questions and 
Answer Sheet                                                                                                  18 

 

  
 > 

  
 > 

  

5. Which  odorant gives the highest response on the model neuron using stimulation of 10 

µM concentration?   (0.2 marks) 

 

 

  

6. The absolute value of charge in the capacitor is given by  

𝑄 =  𝐶 ·  |𝑈| 

Table 3 shows the values of charge when our model cell was stimulated with different 

concentrations of ODOR 1. 

 

Table 3. Charge with stimulated cell 

ODORANT 

CONCENTRATION (M) 

CHARGE ( C) 

0.0000001 8.35 

0.000001 8.29 

0.00001 8.23 
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0.0001 8.02 

0.001 6.74 

0.01 5.47 

0.1 4.15 

1 4.16 

10 4.13 

 

Plot the values of charge as a function of the voltages U-measured  already got in question 

1 of Task 2 and make a linear regression for the set of data. Deduce from this the value 

of the capacitance of our cell.    (1 mark) 
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Capacitance ___________________ F   

 



IJSO 2022                                                                                                              ExperimentalTest 
Bogotá, Colombia                                                                                                      Time: 4 hours 
 
Name…………………………………………………………………………..                              Code …………………………………………. 
___________________________________________________________________________________________________ 

___________________________________________________________________________________________________ 
Experimental Test                                                                                                                   
Page                                                                                                                  Questions and 
Answer Sheet                                                                                                  21 

 

 

  

EXPERIMENT 2  MEASURING RESISTIVITY 

In this task we will measure the resistivity of a given wire in two different methods. 

Part 1 – direct measurement 

In this method, we will measure the resistance of different lengths of wire using a multimeter set 

to resistance measuring mode. 

1.  For some different lengths of wire, measure their resistance and record your results in 

the table below:    Table 2:1  (0.5 marks) 

L[... ] R[.... ] 
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2.  Construct a graph of the resistance of the wire as a function of its length. (1 mark) 
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3. What does the slope  and the y-axis intersection point  represent? write “α” and “β” in 

the correct places in the table below    (0.6 marks) 

resistivity of the wire   

resistance of the multimeter    

resistance of the connectors  

voltage of the multimeter’s battery   

wire’s resistance per unit length   

length of the wire   

the diameter of the wire   

4. Extract from the graph the resistance per per unit length λ of the wire. 
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λ = …………………………………………………………….Ω/cm  (0.3 marks) 

Part 2 – measurement using a Wheatstone bridge 

A Wheatstone bridge is a method to measure resistances, by connecting them according to figure 

2.1. In this configuration it is possible to get a relation between the four resistances in the circuit 

by measuring the voltage between nodes B and C.

 

 

Fig. 2.1 –  Wheatstone bridge 

1.  Show theoretically that whenever the resistances justify the relation: 
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𝑅1

𝑅2
=

𝑅3

𝑅4
 

then the measured voltage should be zero. Be sure to use only diagrams and equations. 

 

  

 

 

 

 

           (0.5 marks) 

2.  For this experiment we will use the two resistors marked as 5.0kΩ, and the resistor 

marked 5.8 MΩ. Use your multimeter to measure the resistances of these resistors 

and write down your results. 

𝑅5.0𝑘𝛺,1 = ………………………………………… 

𝑅5.0𝑘𝛺,2 =………………………………………… 

𝑅5.8𝑀𝛺 =………………………………………….   (0.1 mark) 

3.  Measure the Voltage of the battery directly using the multimeter and write down your 

result. 

          (0.1 mark) 

U =…………………………………………. 

In this experiment we will use a bread-board to construct our circuit. The different holes of the 

bread-board are electrically connected to each other in groups of five, as shown by the blue 

lines in figure 2.2. Thus, for instance, the resistors R1 and R2 in the figure are connected in 

parallel, while R3 and R4 are connected in series. 
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Fig. 2.2 – An example of a bread board  

4. Connect the circuit according to the diagram below. Use a L=80cm length of wire as 

𝑅𝑤. Use the provided bread-board to connect the different components in the correct 

manner, and use the crocodile wires to connect to the battery. CAUTION – do NOT 

connect the battery in any other way other than the one depicted in the diagram! 

Incorrectly connecting the battery could cause it to short and RUIN your equipment! 

Avoid ANY contact between wires that belong to different parts of the circuit! 
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5.  Record the voltage reading in the table below. Repeat the measurement for the 

different values of L  and record your measurements in the table: 

Table 2.2 

L[.. ] Vmeasured[.. ] 

20   

30   

40   

50   
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60   

70   

80   

       (0.6 marks) 

  

6.  Construct a graph of the measured voltage (Umeasured)  as a function of the length of 

the wire.       (1 mark) 
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7.  Which property of the graph can you use to extract the resistance per unit length of 

the wire? Mark an “X” below the correct answer:  (0.2 mark) 

slope of the graph crossing of the x axis crossing of the y axis 

      

  

8. Use your graph to extract the resistance per unit length λ of the wire. make sure to use 

only equations and diagrams.   (0.5 marks) 
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λ = …………………………………………………………….Ω/cm 

Part 3 – acquiring the resistivity of the wire 

1. Design a way to measure the diameter D of the wire as accurately as you can. Show 

your method by sketch and write down your result with the appropriate number of 

significant digits. If you are unable to complete this task, you may use D = 0.3 mm in 

the following questions. 

 

  

  

  

  

D = ………………………………………………………  (0.6 marks) 

2. Write down an equation to relate the resistance per unit length λ, the diameter D and 

the resistivity ρ of the wire. 

  

  

  

  

  

  

  

  

  

  



IJSO 2022                                                                                                              ExperimentalTest 
Bogotá, Colombia                                                                                                      Time: 4 hours 
 
Name…………………………………………………………………………..                              Code …………………………………………. 
___________________________________________________________________________________________________ 

___________________________________________________________________________________________________ 
Experimental Test                                                                                                                   
Page                                                                                                                  Questions and 
Answer Sheet                                                                                                  33 

 

  

  

final equation: ………………………………………………. (0.3 mark) 

  

3.  Calculate the resistivity of the wire using the previous results you’ve obtained. 

  

  

  

  

  

  

  

  

ρ = ……………………………………………………… (0.4 marks) 

 

 CHEMISTRY EXPERIMENT (13 marks) 

Part 1: Determining the average relative molar mass of polymer 

Viscosity is a property of a liquid that can be defined as the resistance to flow.  The viscosity of 

fluids such as blood or cerebrospinal fluid has a significant influence on their flow rate and the 

pressure of these fluids in the human body and so has a major physiological impact. 

The purpose of this experiment is to model the hydrodynamic properties of body fluids using a 

polymer solution by investigating how the concentration of polymer molecules in an aqueous 

solution of polyvinyl alcohol (PVA) affects its viscosity. 

Polymers are very large molecules composed of many identical subunits (monomers) bonded in 

a regular manner. The structure of the PVA molecule can be represented as: 



IJSO 2022                                                                                                              ExperimentalTest 
Bogotá, Colombia                                                                                                      Time: 4 hours 
 
Name…………………………………………………………………………..                              Code …………………………………………. 
___________________________________________________________________________________________________ 

___________________________________________________________________________________________________ 
Experimental Test                                                                                                                   
Page                                                                                                                  Questions and 
Answer Sheet                                                                                                  34 

 

 

The structure in this diagram represents one repeating unit of the polymer; the n represents the 

number of repeating units in a single polymer molecule.  Polyvinyl alcohol does not ionise in water. 

This model assumes that the polymer solutions are behaving in a Newtonian manner which 

means that when the liquids flow through a capillary, they obey Poiseuille’s law: 

 

 where η is the viscosity in mPa.s, R is the radius of the capillary, DP pressure difference between 

two ends of the capillary and L the length of the capillary. 

 

When comparing two liquids flowing through the same narrow capillary, the ratio of the viscosity 

of two liquids (relative viscosity of liquid 1 to liquid 2) can be simplified to: 

 

In this experiment you will use a viscometer to measure the time of flow for water and for various 

concentrations of PVA solution. You will calculate the viscosity of the PVA solutions relative to 

the viscosity of water and thereby determine the relationship between the relative viscosity and 

the polymer concentration. Finally, you will use this information to estimate the average relative 

molecular mass of the polymer. 
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Procedure 1. Preparing diluted solutions of PVA 

List of equipment (some of the equipment might be shared with other experiments): 

Cups 

Viscometer stand (bigger cup with a small notch at the bottom) 

measuring cylinder 

Plastic pipette 

Tray 

Viscometer (small plastic bottle with a capillary attached) 

Ruler 

Marker 

Distilled water 

PVA stock solution (2 g of PVA/100 mL water) 

Sodium chloride stock solution (10 g / 100 mL water) 

Stop watch 

Waste container 

Wooden spoon 

1. Label six cups according to Table 1 below. 

  

2. In the labeled cups, use your measuring cylinder and a plastic pipette to prepare five diluted 

PVA solutions from the 2.0g/100 mL stock solution provided. The solutions should each have a 

total volume of 100 mL and should be prepared with the concentrations shown in Table 1 below. 

Record the volumes used in Table 1 below.   

Table 1: Composition of PVA solutions 
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Sample Volume of 

PVA stock 

solution (mL) 

Volume of 

distilled water 

added (mL) 

Concentration of 

mixture (g/100mL 

water) 

Water 0 100 0 

1      0.20 

2      0.40 

3      0.60 

4      0.80 

5      1.0 

                                                                                                                                   (1.0 mark) 

Procedure 2. Measuring the viscosity of each solution. 

1. During this experiment if your viscometer leaks notify the supervisors. 

2. Throughout this experiment keep each dilution of PVA that you have made. Do not dispose of, 

or mix  these solutions as you will reuse them every time you make a measurement.. 

3. Perform this experiment on a tray. 
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4. Rinse the viscometer with about 1 cm of water (measured from the bottom of the viscometer). 

5. Make two marks on the viscometer bottle. The marks should be 5 cm (lower mark) and 7 cm 

(upper mark) above the base of the bottle. 

6. Raise the viscometer by placing it on an inverted bigger cup with a small notch. Make sure that 

the capillary sits in the notch. Hold a finger over the capillary to stop the flow and pour the water 

into the viscometer. The level of the liquid should be above the upper mark. 

 

  

7. Move the water cup under the capillary to collect the draining liquid.  Remove your finger and 

allow the solution to freely flow through the capillary until the liquid level reaches the upper mark, 

then start the stopwatch.  Stop the timing when the liquid level reaches a lower mark. 
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8. Repeat these measurements for the water to obtain three reproducible results. For each 

repetition use the same solution, Record your measurements for the water in Table 2 below. 

9. Rinse the viscometer with a small volume of the next solution you wish to test and allow it to 

drain through the tube.  If the rinsing solution doesn't drain through the tube, place your thumb 

over the neck of the bottle and squeeze the bottle gently. 

10. Repeat steps 6 to 9 with the remaining solutions. Note: use the same solution for each 

repetition. 

11. Record all these measurements in Table 2 below. 

Table 2: Flow time measurements 

Sample Time of flow (s) Avg flow 

time (s) 

Measurement #1 Measurement #2 Measurement #3 
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 (3.0 marks) 

  

 Analysis of results 

Estimation of the relative viscosity of the PVA solutions 

1.     Calculate the relative viscosity of each solution: 

 where ts is the average flow time of each PVA solution and tw is the average 

flow time of the water. 

Table 3: Relative viscosity 

Concentration of PVA 

(g/100 mL) 

Average flow time (s) Relative viscosity η 
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                                                                                                                              (1.0 marks) 

 2.    Calculate the reduced viscosity of each solution: 

 

Where c is the concentration of PVA in g/ 100 mL water. Note that 1 dL is 100 mL. 

 

  

Table 4. Reduced viscosity. 

  

Concentration of PVA (g/100 mL 

water) 

Reduced viscosity (dL/g)  
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                                                                                                                               (1.0 mark) 

3. Using the graph paper on the following page, plot a graph of the reduced viscosity versus 

concentration of PVA and establish a line of best fit.    (2,5 marks) 
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4.   The intrinsic viscosity of a polymer is a measure of the contribution of the solute to the 

overall viscosity of the solution.  Determine the intrinsic viscosity of PVA (in dL/g) by 

extrapolating your graph to c = 0. 

  

Intrinsic viscosity of PVA  ηi= ___________________dL/g                                    (1.0 marks) 

5. The intrinsic viscosity of a polymer can be used to determine the average relative molecular 

mass (Mr) of a polymer, using the Mark-Sakurada-Houwink equation:  

 

For this system, the constants are: 

K = 5.43×10–4 dL/g   

a = 0.64 

  

Estimate the average molecular mass of the PVA molecules to 1 significant figure: 

________________    (1.5 marks) 

  

PART 2: Investigating the effect of small molecules on the viscosity of polymer solutions 

Carry out a further experiment to test whether the presence of small molecules or ions such 

glucose, urea or sodium chloride will affect the relative viscosity of a polymer solution. 

You are provided with a solution of sodium chloride with concentration 10 g/100mL. Use this to 

prepare 100mL of a solution containing 1.0 g PVA/100mL solution and 5.0 g NaCl/100mL solution. 

Follow Procedure 2 above to measure the average flow time of this solution. 

Compare this value with that of the original 1.0g/100mL polymer solution.  Indicate how the two 

values compare below. 
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1.  Record your data here: 

Table 6. Flow time measurements of PVA/NaCl solution 

Sample Time of flow (s) Avg flow 

time (s) 

Measurement #1 Measurement #2 Measurement #3 

PVA / NaCl         

                                                                                                                     (1.0 mark) 

2. According to your results, which of the following explanations is the best fit for your results 

(indicate with X)? 

The addition of sodium chloride to the PVA solution significantly increases 

the viscosity of the solution due to a reaction between sodium chloride and 

the hydroxyl (-OH) groups on the PVA molecules which causes the PVA 

molecules to break down into smaller fragments. 

  

The addition of sodium chloride to the PVA solution significantly decreases 

the viscosity of the solution by increasing the kinetic energy of the 

molecules. 

  

The addition of sodium chloride to the PVA solution significantly increases 

the viscosity of the solution by decreasing the kinetic energy of the 

molecules. 
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The addition of sodium chloride to the PVA solution does not significantly 

affect the viscosity of PVA solution because the polymer is not ionic. 

  

The addition of sodium chloride to the PVA solution significantly increases 

the viscosity of the solution due to exothermic dissolution of sodium 

chloride. 

  

                                                                                                         (1.0 mark) 

 

Experimental Task 4 : Investigating pH using Anthocyanins 

Introduction: 

Anthocyanins and flavonoids are compounds highly concentrated in the petals of many 

garden flowers. They are currently used in the food industry as an alternative to synthetic 

colorants because of health benefits as antioxidants and its changes in color by the pH. 

Suppose that you are a young scientist who is interested to know the pH of a popular 

drink in Colombia: Spamonethaca®. To make that, you will build a matrix of colors using 

extracts from common flowers in the garden. Please follow the next instructions to do 

your analysis. 

  

Materials: 

-        Flowers from 3 species (Hibiscus sinensis, Bougainvillea sp., Zantedeschia 

aethiopica) 

-     Marker (fineliner) 

-        7 glass assay tubes 

-        1 rack for tubes 

-        1 glass stirrer 
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-        3 Plastic Pasteur pipettes (Instruction to re-use: rinse it three times with a 

small volume of distilled water.) 

-        2 pH test strips (no more than 2 will be provided!) 

-        pH color chart 

-        Biology Colorimetric Analysis chart (separate paper) 

-        Plastic film (Saran wrap) 

-        NaOH 0.5M 

-        HNO3 0.2M 

-        pH 5 solution          

-        pH 7 solution 

-        Ethanol 80% 

-        Distilled water 

-        Spamonethaca® solution 

-        Wash bottle (water) 

-        Big waste container 

-        Paper towels 

-    Gloves 

-  10 mL Measuring Cylinder 

BE CAREFUL WHEN WORKING WITH 

HNO3 and NaOH!! DO NOT GET IT ONTO 

YOURSELF Please wear gloves when 

handling these reagents 

Procedure and questions: 

1.   Make extracts from the petals 

a)     Label 3 glass test tubes. 

b)     Take a similar amount of petals for each of the 3 species and put them in the 

respective tubes. Make sure you use enough petals to fill approximately 2 cm of tube. 

c)     Use a glass stirrer to crush the petals. Clean the stirrer after each use. 
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d)     Add 2 mL of ethanol to each tube and mix well with the crushed petals. 

e)     Use some plastic foil to cover the top of each tube. 

f)      Leave this for 30 minutes to complete the extraction of the anthocyanins. 

  

2.   Making the pH solutions 

a)     Solution pH 5 and pH 7 are provided. 

b)     Label 2 glass tubes with pH 5 and pH 7. 

c)     Use a plastic Pasteur pipette to add 5 mL of each pH solution to the respective 

glass tubes. Use a clean pipette each time. 

d)     Label 2 glass tubes with “pH A” and “pH B”. 

e)     Use plastic pipettes and a graduated cylinder to make the two pH solutions 

according to the table below: 

LABEL: pH A LABEL: pH B 

Step 1 Step 2 Step 1 Step 2 

2.5 mL 

water 

2.5 mL 

HNO3 0.2 M 

4 mL 

water 

2.5 mL 

NaOH 0.5 M 

f)      Use the pH test strips provided to determine the pH of “pH A” and “pH B”. For this, 

use a plastic pipette to pipette some of the solution on each of the squares of the test 

strips. 

g)     [1.00 marks] Read your values using the chart provided and record them below. 

pH A pH B 
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3.   Colorimetric analysis 

a)     Use the separate paper provided “Biology Colorimetric Analysis” and cover it 

with plastic film. Make sure the entire paper is covered and all air bubbles are 

removed. Smoothen out the film completely to create a smooth surface. 

b)     Use a plastic Pasteur pipette to add 1 drop of solution “pH A” to the “pH A” 

column on the smooth film surface. 

c)     Repeat for solutions pH 5, pH 7 and “pH B” in their respective columns. Make 

sure to use a clean plastic pipette for each pH solution. 

d)     Add 1 drop of the anthocyanin extract of Hibiscus sinensis to each of the pH 

solutions on the Hibiscus row on the smooth film surface. 

e)     Repeat for Bougainvillea sp. and Zantedeschia aethiopica. Use a clean plastic 

pipette each time. 

f)      Leave this for 1 minute and ask the practical assistant to take a photograph. 

g)     [1.20 marks] 

  

  Signature of practical assistant 

Photograph taken   
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h)     [0.50 marks] What is the best explanation for the change in color? Mark with an 

X the correct option. 

  

  Mark with X 

Irreversible reduction   

Protonation/deprotonation   

Hydroxylation   

Nitrosylation   

  

  

4.   Determining the pH of Spamonethaca® 

a)     [1.00 marks] Select the one species with the anthocyanin that has a clearly 

visible color change in both the acidic and the basic range. 

  

  Write the name of the species below 

Species selected   

  

  

b)     Use a plastic Pasteur pipette to add 1 drop in each of the Spamonethaca® 

labeled area’s (S1 and S2) on the “Biology Colorimetric Analysis” film sheet. 
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c)     Add 1 drop of the selected anthocyanin extract to area S1. 

d)     Add 1 drop of water to area S2. 

e)     Leave this for 1 minute and ask the practical assistant to take a photograph. 

f)      [0.50 marks] 

  

  Signature of practical assistant 

Photograph taken   

  

  

g)     [1.00 marks] Identify the role of S1 and S2. Mark with an X the correct term(s) 

that apply to each condition. If the term does not apply to the condition, mark 

with O. 

  

Term S1 S2 

Contrast     

Test     

Placebo     

Negative control     

Positive control     
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h)     [0.50 marks] Based on your results, give an estimation of the probable pH of 

Spamonethaca®. Mark with an X only the correct answer. 

  

Estimation of the pH Mark with X 

Strongly acidic   

Slightly acidic   

Neutral   

Strongly alkaline   

  

5.   Biological implications 

a)     [0.50 marks] Which one of these molecules/molecular complexes is/are 

responsible for regulating anthocyanin color in living plant cells. Mark with X the 

correct answer(s). 

  

Molecule/molecular complex Mark with X 

ATP synthase of chloroplasts   

ATP synthase of mitochondria   

ATP synthase of vacuole   

Proton pump of plasma membrane   

Proton pump of vacuolar membrane   
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b)     [0.80 marks] What possible health effect(s) could be associated with excessive 

consumption (2L per day) of Spamonethaca®? Mark with X the correct 

answer(s). 

  

Health effect Mark with X 

Worsening of peptic ulcer   

Erosion of enamel   

Interference with protein digestion   

Increased susceptibility to flu   

  

  

 

 

 

 

Experiment 5 Determining the species of Coffee -Recognize Coffea Arabica 

Recognize Coffea Arabica 

Coffea arabica is originally endemic from the southwestern of Ethiopia, was the first cultivar 

species of coffee known used to the production of beverage.  Currently this plant represents 60% 

of the world's production. In Colombia, part of the economy depends on it and it is well known for 

its high quality taste characterized by soft and exquisite aroma, which give the Colombian coffee 

international recognition. 
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During this task you will provide a precise description of this plant, then you will use a typical 

dichotomous key to check its family. 

Look carefully at the provided part of the coffee plant, then identify the correct term to describe 

the next characteristics. 
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You can use this picture of Coffea Arabica plant for solving any question. 

1.  [1.00 marks] Draw a simple image of the provided plant. The image should be composed 

of at least two leaves and you must draw the veins structure, and detailed margins of the 
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leaves as well as composition of leaves.

 

LEAF DETERMINATION 

2.      [0.25 marks] Mark with X the corresponding leaf shape of the observed plant. 

  Elliptical 

  Linear 

  Rhomboid 

  Cordate 

  None of the above 

 3.      [0.25 marks]   Mark with X the corresponding type of leaf of the observed plant. 
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  Simple 

  Compound 

  None of the above 

 

4..   [0.25 marks] Mark with X the corresponding type of leaf arrangement (phyllotaxy) of the 

observed plant. 

  Alternate 

  Opposite 

  Whorled 

  None of the above 

5.      [0.25 marks] Mark with X the corresponding type of leaf surface of the observed plant. 

  
Rugose – Wrinkled, typical leaves of the mint family 

  
Glabrous – Without hairs of any kind 

  
Pubescent – With a hairy surface 

  
Scurfy – Covered with small scalelike particles 

  Viscid (Viscous) – Covered with sticky or resinous secretion 
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6.      [0.25 marks] Mark with X the corresponding type of main venation of the observed plant. 

  Pinnate 

  Reticulate 

  Palmate 

  Parallel 

 

  

7.      [0.25 marks] Mark with X the corresponding type of secondary venation of the observed 

plant. 

  Brochidodromous 

  Cladodromous 

  Eucamptodromous 
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FLOWER DETERMINATION  

8.   [0.5 marks] Mark with X all of the term(s) which apply to the observed plant. 

  Complete flower 

  Incomplete flower 

  Monocotyledon 

  Dicotyledon 

  None of the above 

9.   [0.25 marks] Mark with X the corresponding type of flower symmetry of the observed 

flower. 

  Actinomorphic (multiple lines of radial symmetry) 
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  Zygomorphic (single line of bilateral symmetry) 

  None of the above 

 10.   [0.50 marks] Write how many of these parts are observed in each flower: Use also the 

provided pictures. 

Calyx Components 

(sepals) 

  

Corolla Components 

(petals) 

  

Stamens   

Styles   

Stigmas   

Carpels   

 

11.   [0.25 marks] Mark with X the type of flower ovaries. Use the picture below. 

  Epigynous – flower having the ovary enclosed in the receptacle, with 

the stamens and other floral parts situated above 

  Hypogynous – flower having the stamens and other floral parts 

situated below the carpels (or gynoecium) 
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  Perigynous – flower having the stamens and other floral parts at the 

same level as the carpels 

 

 

FRUIT DETERMINATION 

12.   [0.25 marks] Circle the correct type of fruit on image A. Use the picture of coffee 

fruit marked Figure B in the next question. If none of them is correct leave a blank. 
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Figure A 

13. [0.75 marks] Identificate parts of the fruit by writing corresponding letters in the blank 

boxes of Figure B. 
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Figure B 

A – endocarp 

B – endosperm fold 

C – mesocarp 

D – exocarp 

FAMILY IDENTIFICATION 

14. Use the dichotomous key to determine the family of the provided plant. Use characteristics 

determined by you in the previous questions. Write your selection in the boxes below e.g. 1a 

1a. Plants 5–30 mm tall, parasitic on Picea, Larix, and Pinus                Viscaceae 

1b. Plants much taller or longer at maturity, not parasitic                2 
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2a. Leaves compound                                                   3 

2b. Leaves simple                                                                                         10 

  

3a. Gynoecium with 3 styles                          Staphyleaceae 

3b. Gynoecium with 1 style                4 

  

4a. Perianth zygomorphic                                                                              5 

4b. Perianth actinomorphic or absent                                                                  6 

  

5a. Plants trees with palmately compound leaves                                                  Sapindaceae 

5b. Plants lianas with pinnately compound leaves                                                Bignoneaceae 

  

6a. Plants lianas (though woody only near base); flowers with numerous stamens; fruit an 

achene terminated by an elongate, plumose style            Ranunculaceae 

6b. Plants upright shrubs or trees; flowers with 2–12 stamens; fruit otherwise                    7 

  

7a. Leaflets punctate with aromatic glands             Rutaceae 

7b. Leaflets not punctate                                         8 

  

8a. Fruit a samaroid schizocarp;androecium composed of 4–12 stamens, commonly 8              

Sapindaceae                                                                                                                                   

8b. Fruit samara or drupe; androecium composed of 2 or 5 stamens                          9 
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9a. Perianth absent; androecium composed of 2 stamens; fruit a samara; flowers usually 

unisexual; trees at maturity                                        Oleaceae 

9b. Perianth present and gamopetalous; androecium composed of 5 stamens; fruit a drupe; 

flowers bisexual; shrubs at maturity                                             Adoxaceae 

  

10a. Apical portions of the stem succulent; leaves minute and scale-like, 1–3 mm long; stems 

appearing jointed                                                         Amaranthaceae 

10b. Apical portions of the stem is not succulent; leaves with foliaceous blades, mostly longer; 

stems not appearing jointed                  11 

  

11a. Inflorescence flower heads, or capitula           Asteraceae 

11b. Inflorescence is not flower heads, or capitula                                             12 

  

12a. Perianth zygomorphic                     Bignoneaceae 

12b. Perianth actinomorphic                   13 

  

13a. Inflorescence a cyme; flowers each with 8 or 10 stamens; petals pink-purple, 10–15 mm 

long                Lythraceae 

  

13b. Inflorescence a dense, spherical cluster as a short cyme; flowers each with 4-5 stamens; 

petals white, 5–8 mm long                  Rubiaceae 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 
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( 1.3 marks) 


