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Constants and Formulae 

Avogadro's constant, NA = 6.0221×1023 mol–1  

Boltzmann constant, kB = 1.3807×10–23 J K–1  

Universal gas constant, R = 8.3145 J K–1 mol–1 = 0.08205 atm L K–1 mol–1  

Speed of light, c = 2.9979×108 m s–1   

Planck's constant, h = 6.6261×10–34 J s  

Faraday constant, F = 9.64853399×104 C 

Mass of electron, me = 9.10938215×10–31 kg 

Standard pressure, P = 1 bar = 105 Pa  

Atmospheric pressure, Patm = 1.01325×105 Pa = 760 mmHg = 760 torr  

Zero of the Celsius scale, 273.15 K  

1 picometer (pm) = 10–12 m;   1 Å = 10-10 m; nanometer (nm) = 10–9 m   

1 eV = 1.6 × 10-19 J 

1 amu = 1.66053904 × 10-27 kg 

Ideal gas equation:  PV = nRT 

Enthalpy:  H = U – PV 

Gibbs free energy:  G = H – TS   QRTGG o ln+=  

o

cell

o nFEKRTG −=−= ln   

Entropy change: T

q
S rev=

, where qrev is heat for the reversible process 

   1

2ln
V

V
nRS =

 (for isothermal expansion of an ideal gas) 

Nernst equation: redC

oxC

nF

RTo
EE ln+=

 

Energy of a photon:  

hc
E =

   Lambert-Beer law:  
bC

I

I
A == 0log

 

Integrated rate law 

Zero order   kt−= 0[A][A]   First order kt−= 0[A]ln [A]ln  

Second order    
kt+=

0[A]

1

[A]

1

 

 Arrhenius equation 
RTEaAek

/−
=   

 

 

  



4 

 

General Directions 

 

● Follow safety rules. No eating or drinking in the lab. Always wear your lab coat and 

safety goggles when being in the lab. Ask your lab assistant for the gloves.  

● Write your name and student code on each page of the answer sheets.  

● We suggest to start from the first task. 

● During the Practical exam, some of the glassware and plastics are expected to be used 

several times. Clean it carefully. 

● You have 5 hours to work on the exam problems. Begin only when the START 

command is given.  

● All results must be written in the appropriate boxes. Anything written elsewhere will not 

be graded. 

● You must stop working when the STOP command is given.  

● Do not leave your seat until permitted by the supervisors.  

● The official English version of this examination is available on request only for 

clarification.  
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Practical task #1 

Let’s brominate! 

20 points 

It hurts your head - take aspirin. Such advice can be heard from the grandmother when you 

have a headache, or your body temperature rises. The chemical name of aspirin, acetylsalicylic acid, 

clearly indicates the relationship of aspirin with another chemical compound, salicylic acid (chemical 

name: 2-hydroxybenzoic acid). More than two thousand years ago, people knew that willow bark 

extract has excellent properties - it reduces pain and fever. And now we know why. This efficacy of 

this extract is determined by salicin, a derivative of salicylic acid that is similar in structure to aspirin. 

Salicin was expensive to extract from willow bark, so in the second half of 19th century chemists 

learned how to synthesize pure salicylic acid in the hope that it would have similar properties to 

salicin. However, the consumption of salicylic acid has caused a number of harmful side effects such 

as stomach irritation or even deafness. At the end of the 19th century, Bayer launched a synthetic 

drug made from salicylic acid that provides excellent pain relief and temperature reduction without 

causing serious side effects. We still know this drug as aspirin. 

Fortunately, salicylic acid (its water solubility is 2.48 g/L at 25⁰C) was not just an unsuccessful 

attempt to imitate nature. It found another application. Nowadays, it is used in the form of an alcoholic 

solution for external use on the skin. Salicylic acid has excellent skin disinfectant properties and is 

therefore used to treat a variety of skin conditions. 

As an extremely curious chemist, I found it very interesting to explore how much of that active 

ingredient is in that willow bark. So, using all my talents and the skills I gained during my long hours 

in the laboratory, I took a small piece of willow bark, boiled its extract and made sodium salicylate 

(the sodium salt of salicylic acid) from this extract through various chemical reactions and put it all 

into a beaker for you. It is your task to determine by titration how many milligrams of sodium 

salicylate (its molar mass is 160.1 g/mol) are in this beaker. 

Dear Chemist, for this purpose, I propose to you to use the wonderful bromination reaction of 

salicylic acid and the subsequent method of iodometric titration analysis. Salicylic acid is known to 

react with bromine in a ratio of 1:3. 

In this work, the bromine required for the bromination reaction is prepared in the reaction 

mixture by reacting the bromate ions with the bromide ions. It is known that 3 moles of bromine are 

formed from 1 mole of bromate ions. 

 

Chemicals for personal use: 

Chemical Concentration Label 

KBrO3 solution 0.0300 M 0.0300 M KBrO3 

KBr solution 0.4 M 0.4 M KBr 

Na2S2O3 solution 0.0500 M 0.0500 M Na2S2O3 

H2SO4 solution 1 M 1 M H2SO4 

Sodium salicylate - 
(Your working place 

number) 
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Chemicals for general use: 

Chemical Place Label 

Potassium iodide KI near balances KI 

Starch indicator 
on the shelf, next to your 

working place 
Starch indicator 

 

Labware and equipment: 

Burette        1 

Laboratory stand with a clamp    1 

Hotplate (in the fume hood)     1 

Balances (for general use)     1 

Glass funnel       1 

Erlenmeyer flask for titration     1 

Measuring cylinder       l             

50 mL beaker (with sodium salicylate inside)  1 

10.00 mL volumetric pipette     2 

Parafilm squares      4 

Distilled water wash bottle  (for both practical tasks) 1 

Glass rod       1 

Pasteur pipette       2 

50.00 mL measuring flask with a cap    1 

Rubber bulb for the pipette     1 

Weighing boat       1 

Safety goggles (for both practical tasks)   1 

Waste beaker (for both practical tasks)   1 

 

Notes: 

 

1. When working with solids, it is highly recommended not to wear protective gloves due to the 

possible electrostatic charging of solids. 

2. If you need additional sample of sodium salicylate, we will unfortunately have to deduct 2 points 

from your final evaluation for this practical task. 

3. If you break or damage something from your labware or equipment and need a replacement, 1 point 

will be deducted from your final evaluation for this practical task. 

4. Hotplates in the fume hoods are for general use. 

 

 

 

 

 

 

 

 

 

 

 

Good luck! 
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Part 1. Practical part 

 

Procedure: 

1. Prepare 50.00 mL of aqueous sodium salicylate solution in a measuring flask. Use all the 

sodium salicylate provided in a 50 mL beaker for this purpose. Be careful and pay attention 

to the volumes in this step. The 50.00 mL sodium salicylate solution you have prepared will 

be called as the test solution later on in this practical task. 

2. Add 10.00 mL of test solution and 10.00 mL of KBrO3 solution to an Erlenmeyer flask with 

a volumetric pipette. Add 10 mL of KBr solution and 10 mL of distilled water to the same 

flask with a measuring cylinder. Mix the contents of the flask well by swirling the flask. 

3. Using a measuring cylinder, measure 10 mL of 1 M H2SO4 solution and using Pasteur pipette 

transfer it very slowly, in very small portions, to the same Erlenmeyer flask over 3 minutes. 

Stir the solution in the conical flask continuously by swirling the flask throughout whole 

process. When the acid addition is complete, the solution in the flask may become cloudy. 

4. After transferring all the acid to the conical flask, cover it quickly and tightly using a square 

of paraffin film. Do this as soon as possible and then mix the contents of the flask by swirling 

it for about another minute until it turns yellow and you start seeing a cloudy liquid. 

5. Then wrap the flask in towel paper (to protect from light), place it in a fume cupboard on a 

warm hotplate (do NOT adjust hotplate settings!), and leave it there for 30 minutes to allow 

all the reactions to take place. Occasionally stir the contents of the flask by swirling it. 

6. Then weigh 0.5 g of solid KI, remove the parafilm from the conical flask, add KI to the flask 

IN THE FUME HOOD and mix well until dissolved. Once KI is in the flask, you can take it 

out from the fume cupboard to your workplace. Titrate the mixture in the conical flask with 

Na2S2O3 solution. The color of the mixture becomes brighter during titration. When the color 

of the solution is light yellow, add about 1 mL of starch indicator and continue adding the 

thiosulfate solution dropwise until the solution is colorless and does not turn blue 15-20 

seconds after the last drop. 

7. Record the titration data on the answer sheet. If necessary, repeat the entire procedure from 

step 2 as many times as you think it is necessary. 
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Part 2. Theoretical part 

 

1. Draw the structures of salicylic acid and sodium salicylate. 

2. From the following statements (on the answer sheets) choose the one which best describes 

why it is better to use sodium salicylate for this analysis instead of salicylic acid and it would 

be very difficult or even impossible to perform exactly the same analysis if salicylic acid was 

used? 

3. After adding the acid, you may notice that after a while the liquid in the flask started to turn 

yellow, and after 30 minutes it could be observed that even the air in the flask above the liquid 

has a brownish tinge. Write the balanced complete equation for the reaction that caused this 

color to occur and identify the substance itself. 

4. After potassium iodide addition, the entire contents of the flask suddenly became dark. Write 

the balanced complete equation of the reaction that took place. 

5. When titrating the mixture in the flask with sodium thiosulphate, the thiosulphate ions are 

oxidized to tetrathionate ions and the reaction 2S2O3
2- 🡪 S4O6

2- + 2e- takes place. The other 

particles in the flask are reduced. Write the balanced complete equation of the reaction which 

takes place by titrating the contents of the flask with sodium thiosulphate solution. 

6. Calculate how much sodium salicylate has been added to the beaker. 

7. If you sealed the flask really well with parafilm during the bromination reaction, you may 

notice that when the flask was left for 30 minutes in the fume cupboard, the film slightly 

distended, which means that the volume of the substances in the flask increased. During the 

bromination reaction of salicylic acid, a gaseous product is generated, which is one of the 

reasons why parafilm has distended. Identify that gaseous product. 

8. During the bromination reaction of salicylic acid, white precipitate forms in the flask, which 

is the product of the bromination reaction. The structural formulas of several compounds are 

given on the answer sheets. Choose from them and circle the formula of the bromination 

reaction product (mark on the answer sheets). 
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Practical task #2 

Investigation of solutions of unknown composition 

20 points 

The goal of this task is to identify what ions are in three solutions given to you. They can have 

any combination of these ions: K+; NH4
+; Ca2+; Ba2+. Every ion has a specific reaction to identify it. 

Here’s few of them: 

Tests for NH4
+ ions:  

1. Add 6 M NaOH to the solution of NH4
+ ions. Put a moist red litmus paper over the opening 

of the test tube and put the tube into the water bath. The paper changes its’ colour.  

2. Nessler reagent (K2[HgI4] + KOH) in solutions of ammonium salts form reddish brown 

precipitates. If solution is strongly acidic Nessler reagent can decompose and form red HgI2 

precipitates. Because of it, it’s easy to falsely identify NH4
+ even if they’re not in the solution.  

 

Test for K+ ions:  

Add a drop of unknown solution and a drop of Na2Pb[Cu(NO2)6] onto the microscope slide. Connect 

the drops with glass rod. If K+ ions are presented after waiting for 1-2 min, black cube shaped crystals 

can be observed under the microscope: 

 
 

Attention! NH4
+ ions also form crystals so if NH4

+ is identified in the unknown solution it must be 

removed. To do this, add 10-13 drops of formaldehyde to a test tube with 5-7 drops of unknown 

solution. This reaction fully eliminates NH4
+ ions from the solution.  

Attention! After a reaction with formaldehyde the test tube can seem fogged. This kind of tube can 

be given to the laboratory assistant to be changed to a new one (points won’t be deducted for it).  

 

You should find a way to test for Ca2+ and Ba2+ ions on your own. 

 

Tips: 

1. Try all the reactions with solutions of known composition.  

2. In unknown solutions some ions can interfere with identification of other components of the 

solution so it’s useful to separate some ions from the others. If right reagents are selected 

specific ions can be precipitated. Decanting smoothly can be complicated so usage of the 

centrifuge is advised. After centrifuging the sediment is in the bottom of the tube and liquid 

can be poured out easily.  
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3. Prepare a scheme how the composition of the solution should be investigated and try it out on 

the mixture that you made yourself by mixing known solutions.  

4. Success of the analysis is highly dependent on how clean the labware is, so it is recommended 

to thoroughly clean any equipment with tap water and rinse it a few times with distilled water.  

 

Chemicals for personal use: 

Chemical Label 

3 solutions for analysis XX.1; XX.2; XX.3 (XX – your workplace number) 

Litmus paper - 

 

Chemicals for general use: 

Chemical Place Label 

NH4NO3 (aq) 
On the shelf, next to your 

working place 
NH4

+ 

KCl (aq) 
On the shelf, next to your 

working place 
K+ 

Ca(NO3)2 (aq) 
On the shelf, next to your 

working place 
Ca2+ 

Ba(NO3)2 (aq) 
On the shelf, next to your 

working place 
Ba2+ 

6 M NaOH In the fume hood 6 M NaOH 

K2[HgI4] + KOH (aq) In the fume hood Nessler reagent 

Na2Pb[Cu(NO2)6] (aq) Next to the microscope Na2Pb[Cu(NO2)6] 

Formaldehyde In the fume hood Formaldehyde 

2 M CH3COOH In the test tube rack 2 M CH3COOH 

2 M H2SO4 In the test tube rack 2 M H2SO4 

2 M (NH4)2CO3 In the test tube rack 2 M (NH4)2CO3 

2 M (NH4)2C2O4 In the test tube rack 2 M (NH4)2C2O4 

2 M K2CrO4 In the test tube rack 2 M K2CrO4 

 

Labware and equipment: 

Plastic tubes       8 

Stand for plastic tubes      1 

Glass rod       1 

Glass Pasteur pipette      1 

Microscope slides      1     

Centrifuge (for general use)        

Water bath (for general use) 

Microscope (for general use) 
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Instructions: 

How to use the centrifuge: 

1. Open the lid of the centrifuge.  

2. Put test tubes into the centrifuge in the way that weight would be equally divided. 

 
Picture taken from https://bento.bio/protocol/biotechnology-101/centrifuge-intro/ 

 

3. If there is only one test tube that need centrifuging counterweight must be added (test tube 

with mark “X” on it, next to the centrifuge).  

4. Make sure to note where the tube was in the centrifuge (spaces are marked with numbers).  

5. Close the lid and press until you hear a click. 

6. Press “START” button.  

Ask the lab assistant if help is needed.  

 

How to use the microscope: 

1. Use the yellow lens. 

2. Put the microscope slide under it.  

3. Look at the tray on which the slide lies (not through the ocular!) and turn a bigger black nob 

(marked in the photo) so the tray would be lifted close to lens (do not dip the lens into the 

solution!).  

about:blank
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4. Look through the ocular and slowly lower down the tray until the view becomes clear.  

Note: If lens was dipped into the solution – inform the laboratory assistant immediately (points won’t 

be deducted for it). 

 

Evaluation: 

 

Points are deducted for: 

1. Every time when unknown solution needs to be refilled (marked XX.1 – XX.3).  

2. Every time when broken glassware needs to be replaced.  

 

Points are not deducted for: 

1. Asking to refill any other solution. 

2. Asking to refill litmus paper. 

3. Asking to replace the tube fogged by formaldehyde reaction.  

4. Asking to refill distilled water.   
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Results and theoretical part 

 

1. Write down the number of the tube and what cations were found in the solution.  

2. Write down the equation that explains why it is important to moisturise the litmus paper before 

trying to identify the NH4
+ ions. 

3. Balanced short ionic equation for reaction between Nessler reagent and NH4
+ ions looks like this: 

NH4
+ + 2[HgI4]

2- + 4OH– → X + 7Y– + 3Z. Write chemical formula of X, Y– and Z. 

4. Write the equation of KCl and Na2Pb[Cu(NO2)6] reaction.  

5. When NH4
+ ions react with formaldehyde urotropine is formed. Unbalanced reaction scheme: 

NH4
+(aq) + Formaldehyde → Urotropine (aq) + A+ (aq) + B (l)  

 

 

Urotropine -  

 

Write and balance the reaction equation.  
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Let’s brominate! 
 

Part 1. Practical part 

 

Titration No. 
Volume of Na2S2O3 used for titration, 

mL 

  

  

  

  

Average volume of Na2S2O3  

 

Part 2. Theoretical part 

 

1. Draw the structures of salicylic acid and sodium salicylate. 

 

 

2. From the following statements choose the one which best describes 

why it is better to use sodium salicylate for this analysis instead 

of salicylic acid and it would be very difficult or even impossible 

to perform exactly the same analysis if salicylic acid was used? 

 

a) Sodium salicylate has higher molar mass compared to salicylic 

acid 

b) Sodium salicylate has higher solubility in water compared to 

salicylic acid 

c) Sodium salicylate has higher melting point compared to salicylic 

acid 

d) Aqueous solution of sodium salicylate is basic, whereas aqueous 

solution of salicylic acid is acidic 
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3. After adding the acid, you may notice that after a while the 

liquid in the flask started to turn yellow, and after 30 minutes it 

could be observed that even the air in the flask above the liquid 

has a brownish tinge. Write the balanced complete equation for the 

reaction that caused this color to occur and identify the substance 

itself. 

 

 

4. After potassium iodide addition, the entire contents of the flask 

suddenly became dark. Write the balanced complete equation of the 

reaction that took place. 

 

 

5. When titrating the mixture in the flask with sodium thiosulphate, 

the thiosulphate ions are oxidized to tetrathionate ions and the 

reaction 2S2O32- → S4O62- + 2e- takes place. The other particles in 

the flask are reduced. Write the balanced complete equation of the 

reaction which takes place by titrating the contents of the flask 

with sodium thiosulphate solution. 
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6. Calculate how much sodium salicylate has been added to the beaker. 
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7. If you sealed the flask really well with parafilm during the 

bromination reaction, you may notice that when the flask was left 

for 30 minutes in the fume cupboard, the film slightly distended, 

which means that the volume of the substances in the flask increased. 

During the bromination reaction of salicylic acid, a gaseous product 

is generated, which is one of the reasons why parafilm has distended. 

Identify that gaseous product. 

 

 

8. During the bromination reaction of salicylic acid, white 

precipitate forms in the flask, which is the product of the 

bromination reaction. The structural formulas of several compounds 

are given below. Choose from them and circle the formula of the 

bromination reaction product. 
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Practical task #2 

Investigation of solutions of unknown 

composition 
 

1. Write down the number of the tube and what cations were found in 

the solution.  

Tube nr. Identified cations 

  

 
 

 
 

 

2. Write down the equation that explains why it is important to 

moisturise the litmus paper before trying to identify the NH4+ ions. 

 

 

3.Balanced short ionic equation for reaction between Nessler reagent 

and NH4+ ions looks like this: NH4+ + 2[HgI4]2- + 4OH– → X + 7Y– + 3Z. 

Write chemical formula of X, Y– and Z. 

X Y– Z 

 

4. Write the equation of KCl and Na2Pb[Cu(NO2)6] reaction.  
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5. When NH4+ ions react with formaldehyde urotropine is formed. 

Unbalanced reaction scheme:  

NH4+(aq) + Formaldehyde → Urotropine (aq) + A+ (aq) + B (l)  

 

 

 

Urotropine -  

 

 

 

Write and balance the reaction equation.  
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