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Structure 3.1.4 
Determining the properties of the halogens				 
Reference:
S3.1.4 Trends in properties of elements down a group include the increasing metallic character of group 1 elements and decreasing non-metallic character of group 17 elements.
Aim 
To generate halogens in their gaseous state and investigate some of their properties. 
Introduction
In this experiment we will generate halogens in their gaseous state to investigate some of 
their properties. 

We will make chlorine from sodium hypochlorite (NaClO), which is used in household bleach because of its antiseptic and anti-fungal properties. It is common knowledge that bleach should not be mixed with other cleaning agents because chlorine gas or chloramines (which are both toxic gases) may be produced.

We will make bromine from potassium bromate, which is used in baking bread as a flour enhancer because it improves the handling of the dough and allows the finished bread to rise higher while baking.

We will make iodine from potassium iodate, which is an oxidizing agent that has been used in the past as a topical antiseptic. Potassium iodate and calcium iodate are used as safe sources of iodine in animal feed.

Halogens are non-polar diatomic molecules of the general formula X2. As such, they are not expected to be soluble in water as they do not exhibit the characteristics that would explain water solubility (such as polarity, hydrogen bonding or the ability to dissociate into ions). Unexpectedly, the solubility of the halogens seems to follow the same trend as one of the periodic table trends. Which one do you think it is and why? 

The strength of a halogen as an oxidizing agent depends on its ability to gain an electron to form halide ions. Which of the periodic trends can justify the order of increasing oxidizing strength in group 17?
 
Pre-lab questions
1. Write the balanced equation for the formation of Cl2(g) from ClO−(aq) that occurs in an acidic environment: 


2. Write the balanced equations for the following redox reactions that occur in an acidic environment:
a) 
b) 
Please note 
A full risk assessment should be carried out prior to commencing this experiment. 
Personal safety equipment should be worn. 
Chemicals should be disposed of safely and with due regard to any environmental considerations. 

Risk assessment
	Material name and chemical formula
	Associated risks
	Measures taken

	



	
	

	



	
	

	



	
	



Environmental risks
	Waste products (if any)
	Associated risks
	Waste management

	



	
	



Ethical risks
	Risks to humans
	Justification
	Management

	


	
	

	Risks to the environment
	Justification
	Management

	


	
	



Equipment list
	Chemicals/materials 
	Apparatus (per group of students) 

	Solutions used to make the halogens:
sodium hypochlorite (NaClO)
potassium bromate (KBrO3) 
potassium bromide (KBr )
potassium iodate (KIO3) 
potassium iodide (KI) 
redox indicator (KI/starch) 
methylene blue indicator 
sulfuric acid (H2SO4(aq), 2.0 mol dm−3)
ammonia (NH3(aq), 3.0 mol dm−3)
deionized water 
	spatula
pipettes
beakers
hot plate 
stirring rod 
Petri dish with cover 
brown glass storage bottle 




Method
Prepare the solutions that you will use to make the halogens
Minimize waste: Please note that only a single drop of each solution is needed in each of the tests described in the experimental procedure, so the solutions prepared below should be enough for an average class to repeat each experiment 3 times. 
Preparation of chlorine gas (Cl2): 10 cm3 of sodium hypochlorite (NaClO(aq), 5%) solution – household bleach may be used.
Preparation of bromine gas (Br2): Dissolve 0.15 g of potassium bromide (KBr(s)) in 10 cm3 of water. Dissolve an additional 0.03 g of potassium bromate (KBrO3(s)) in the resulting solution.
Preparation of iodine gas (I2):  Dissolve 0.2 g of potassium iodide (KI(s)) in 10 cm3 of water. Dissolve an additional 0.03 g of potassium iodate (KIO3(s)) in the resulting solution.

Preparing the redox indicator
To prepare the redox indicator, dissolve 0.500 g of soluble starch in 35 cm3 of deionized water. 
In a separate beaker, dissolve 0.75 g of potassium iodide (KI(s)) in 100 cm3 of deionized water. Heat this solution to boiling and then add the starch solution while stirring. Boil for 2 more minutes and then allow to cool. Label and store the solution in a brown glass storage bottle. 
The indicator may be used again in other redox titration labs.

Generating and testing toxic gases safely
All work should take place in a fume cupboard or a well-ventilated area.
1. Place a drop of the sodium hypochlorite solution (NaClO (aq)) in the centre of the 
bottom half of a Petri dish.

2. To test solubility in water and redox activity, place a few drops of the redox indicator 
at random places in the Petri dish, at some distance from the sodium hypochlorite (NaClO) drop. 



3. Hold the Petri dish cover at an angle so that the Petri dish is almost covered and add 
a drop of sulfuric acid (H2SO4 (aq)) to the central sodium hypochlorite (NaClO) drop, 
then quickly close the lid. Record what happens.

4. Open the lid slightly and add two drops of ammonia (NH3(aq)) to stop the reaction. 
Close the lid and allow it to sit for a minute before thoroughly cleaning with water. 
Dry the Petri dish for reuse.

5. Test the solubility and redox activity of the other two halogens by using the potassium bromate and potassium iodate solutions in step 1.

6. You can also test the pH of the gas formed by spotting the Petri dish with a few drops 
of methylene blue (an acid–base indicator) in step 2.
Analysis
The redox indicator contains iodide ions (I−) and starch. When I− is oxidized to I2, this forms a complex with an intensely dark-blue colour because of the starch present. The darker the colour, the stronger the oxidizing agent.
In the presence of a reducing agent, the blue indicator fades or become colourless as the I2 is reduced to I−.
A colour change indicates both solubility in water and the presence of a reducing/oxidizing agent.
 
Tabulate your observations and consider the solubility of the halogens in water and strength as oxidizing agents.

Justify your observations based on at least one relevant periodic trend.

Post–lab report 
Write a report where you:
Summarize the important theoretical concepts described in this lab.
Summarize the experimental procedures.
Highlight any important health and safety matters.
Present your results and report your conclusion about the solubility and strength of 
the halogens as oxidizing agents. Relate your conclusion to periodic trends.
Considering your observations, predict the solubility of F2 in water and its strength 
as an oxidizing agent. Fluorine is quite dangerous to handle in a school lab.
Evaluate the experimental procedure.
© Pearson Education Ltd 2023. Copying permitted for purchasing institution only. This material is not copyright free.	1

image1.png
redox indicator

source of halogen solution




image2.jpeg
ChemiStry for the IB Diploma Programme





