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Preparation of Gases: Hydrogen, Chlorine and Nitrogen Dioxide

The purpose of this Guidance Sheet is to provide a standard procedure for the safe production of hydrogen, chlorine and nitrogen dioxide.  The methods described in this document include:

· Preparation of a measured amount of gas.

· Quenching the gas generator and glassware after use to remove all traces of the gas.

· Disposal of all excess products from the reaction.

· Disposal of the gases.

 “Gas Preparation: Gases can give rise to particular hazards ranging from unpleasant smells to explosions; breathing difficulties and faintness can be caused by their inhalation.  Consequently whenever gases are prepared in school laboratories, steps must be taken to control them.”

This diagram shows the stages which may be required to prepare a sample of a gas for a chemical investigation.
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CLEAPPS Laboratory Handbook 1992

Both chlorine gas and nitrogen dioxide gas being heavier than air are collected by downward delivery, directly into the collection glassware: test tubes or gas jars.

Chlorine gas may be required to be dried if so, a U-Tube containing granular calcium chloride should be placed between the delivery tube and the collection glassware.  (See Picture 4)

Hydrogen gas is a colourless gas that is collected over water using a trough and a bee-hive shelf.

Thanks to CLEAPPS, Topics in Safety, SSERC and J.G. McCarthy (TSS) for their assistance in compiling this information.

All gases are generated using an Andrew’s Gas Generator (see picture 1).  When generating hydrogen gas, due to the explosive nature of this gas, a plastic buchner flask replaces the glass buchner flask.  (See Picture 5) 

Andrew’s Gas Generator


It is important to generate measured amounts of gas. Although the methods described in this Guidance Sheet suggest measured quantities, consideration must be given to the “dead space” within the generator apparatus. Therefore, the amounts suggested are approximate.  

When generating gases, it must be understood that all parts of the gas generator apparatus will become filled with the gas being produced, this includes: buchner flask, dropping funnel and the delivery tube.  (If drying the gas is required, this will also include the drying agent and the associated glassware).  It is therefore essential that all parts of the gas generator are thoroughly quenched with water before being removed from the fume cupboard for cleaning.   

The drying agent should be emptied into a beaker and left in the fume cupboard for at least 30 minutes to allow the gas to disperse.  (See: chlorine preparation method pages 4-6)

As well as producing the desired gas, there are other products produced which must be disposed of at the end of the reaction.  All other products must be thoroughly diluted and washed to waste with plenty of water.  In the case of hydrogen and nitrogen dioxide the metals involved, copper and zinc, can be washed and reused as described.  

After use there will still be traces of the gas in the gas jar or test-tube, this must be disposed of before the glassware is washed for reuse.  All gas jars or test tubes should be thoroughly quenched with water inside a fume cupboard (switched on) before being washed for reuse.
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“Quenching with water: the vessel or tube should be completely filled with water or completely immersed in water to remove all traces of gas”

For toxic gases such as chlorine or nitrogen dioxide, quenching must be carried out in a fume cupboard.

Due to the highly flammable nature of hydrogen gas, quenching of hydrogen from glassware must be carried out in a well ventilated area not in a fume cupboard.

CHLORINE GAS GENERATOR
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DRYING CHLORINE GAS
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Generating 0.5 Litre of Chlorine Gas

Using 14 ml concentrated Hydrochloric Acid and 3g Potassium Permanganate

	Chemicals (reactants and products)
	Hazards

	Concentrated Hydrochloric Acid (reactant)
	Corrosive

	Potassium Permanganate (reactant)
	Oxidising Agent

	Chlorine Gas (product)
	Toxic

	Potassium Chloride (product)
	

	Manganese Dioxide (product)
	Harmful

	Water (product)
	


Apparatus: Andrew’s Gas Generator (see pictures 3&4)

1 Control Measures

1.1 Carry out chlorine gas preparation and use in a fume cupboard

1.2 Wear rubber or plastic gloves

1.3 Wear eye protection

1.4 Have water available to stop reaction

1.5 Have a strong solution of sodium thiosulphate available to absorb excess chlorine gas 

1.6 Always add hydrochloric acid to potassium permanganate

1.7 Always generate measured amounts of chlorine gas do not over produce unnecessary quantities of gas

1.8 Never use commercial bleach in the production of chlorine gas

1.9 Never attempt this reaction using sulphuric acid – sulphuric acid forms explosive higher oxides of manganese

Note:

Chlorine gas is a greenish/yellow colour and has a choking smell, which is detected at a concentration of 0.2 ppm – 0.4 ppm.  Even in very small quantities chlorine is detected by smell.

Chlorine gas is heavier than air and will be collected by “downward delivery”.  The reaction between concentrated hydrochloric acid and potassium permanganate is a vigorous reaction, a lot of gas will be produced in the initial seconds and then production will slow to stop.  Excess chlorine gas can be absorbed in a strong solution of sodium thiosulphate (see SSERC Hazardous Chemicals Disc) 

2 Process

2.1 Assemble gas generator (as shown in pictures 3 or 4)

2.2 Clamp the buchner flask (and U tube if drying gas)

2.3 Have all test tubes and gas jars prepared (i.e. stoppers available, gas jars/lids greased)

2.4 Have a 250ml beaker of water available, to stop the reaction 

2.5 Switch on fume cupboard

2.6 Add 3g of potassium permanganate to the buchner flask

2.7 With the stop valve closed add 14ml concentrated hydrochloric acid to the dropping funnel

2.8 Open the dropping funnel stop valve and slowly (drop by drop) add the hydrochloric acid to the potassium permanganate

2.9 At the end of the delivery tube, test the gas produced with wet blue litmus paper, when the paper turns pink, chlorine gas is present

2.10 Immediately fill gas jars / test tubes, placing the delivery tube at the bottom of the gas jar / test tube and use blue litmus paper at the mouth of the gas jar / test tube to indicate when full

2.11 When all gas jars / test tubes are filled, add water to the buchner flask to stop the reaction

2.12 If any acid remains in the dropping funnel, empty into a beaker of water, dilute and wash to waste with plenty of running water

2.13 Dilute the reactants in the buchner flask, with water, and leave in the fume cupboard for a further 30 minutes to allow the chlorine gas to disperse

2.14 Wash the reactants to waste with plenty of running water

2.15 With equipment still in the fume cupboard, thoroughly quench all parts of the gas generator with water to remove any traces of chlorine gas

2.16 Dilute any sodium thiosulphate used to absorb excess chlorine, and leave in the fume cupboard for a further 30 minutes to allow all chlorine gas to disperse before washing to waste with plenty of running water

3 Storage

Chlorine cylinders are not recommended for use in schools.  

Gas jars and test tubes of chlorine gas should be prepared immediately before use and should be stored in a fume cupboard (switched on) until used.  Chlorine gas can be detected at very low concentrations therefore should not be generated and stored for any length of time.

4 Disposal

After use, all test tubes and gas jars of chlorine gas should be quenched with water and emptied in a fume cupboard, before being washed for reuse. 

5 Spillage

As applied to the chemicals which react to form chlorine:  

Chlorine: In the event of a large escape of chlorine into the laboratory (500cm 3 or more) evacuate the laboratory.  Outside windows should be opened and internal windows and doors closed.

6 Immediate Remedial Measures (exposure to Chlorine Gas)

Eyes: Irrigate with water for at least 10 minutes.  Obtain medical attention.

Lungs: Remove patient from exposure to fresh air, rest and keep warm.  If more than just a whiff, obtain medical attention.

7 Additional Information

7.1 Drying Chlorine Gas: 

If it is necessary to dry the chlorine gas use GRANULAR Calcium Chloride in a U-Tube (see picture 4).  NEVER use calcium oxide powder as blockages can occur in the drying vessel and an explosion can happen.  

After use the Calcium Chloride should be emptied into a 250ml beaker and left inside the fume cupboard (switched on) for at least 30 minutes to allow the chlorine to disperse. Whilst in the fume cupboard, the U-Tube should be thoroughly quenched with water to remove all traces of Chlorine Gas. The Calcium Chloride can then be stored in a reagent jar and labelled “Calcium Chloride (used for drying chlorine)” and reused as necessary.  

7.2 Safely Smelling Gas: 

Breathe in to fill the lungs with air.  Pointing the test tube of gas away from the face at a distance of 15cm, use the hand to waft the fumes towards the nose.  Sniff gently (more will not be possible if the lungs are full of air).  If no smell can be detected, slowly move the test tube closer to the face.  DO NOT TAKE DEEP BREATHS.

Safeguards in the School Laboratory 10th edition ASE
7.3 Electrolysis of copper (II) chloride solution:  

Carry out on a small scale using a low voltage (recommend demonstration).  Use a piece of         wet blue litmus paper inside the electrolysis cell and stop the electrolysis as soon as several bubbles of chlorine break the surface and bleach the blue litmus paper.  Smell cautiously by using the “wafting technique” as outlined above.
Generating 0.5 Litre of Hydrogen Gas:
Using 28ml 4 Molar Hydrochloric Acid and Zinc Granules

HYDROGEN GAS GENERATOR
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	Chemicals (reactants and products)
	Hazards

	4 Molar Hydrochloric Acid  (reactant)
	Corrosive

	Zinc Granules (reactant)
	Highly Flammable

	Hydrogen (product)
	Extremely Flammable

	Zinc Chloride  (product)
	Corrosive


Apparatus: Andrew’s Gas Generator (see picture 5)  

8 Control Measures
8.1 Carry out hydrogen gas preparation in a well ventilated area, not in a fume cupboard
8.2 Wear protective gloves

8.3 Wear eye protection

8.4 Have water available to stop the reaction

8.5 Always add hydrochloric acid to zinc granules

8.6 Always generate measured amounts of hydrogen do not over produce unnecessary quantities of gas

Note

Mixtures of hydrogen and air of between 4% and 74% are explosive; therefore hydrogen should be prepared in a well ventilated area not in a fume cupboard.  Due to the volatility of hydrogen it is recommended that the gas be generated in a plastic buchner flask (see picture 5).  Hydrogen is a colourless, odourless and tasteless gas it is lighter than air and will be collected by “upward delivery” over water. The chemical reaction is initially quite slow and the rate gradually settles to a steady rate of production. 
Process

8.7 Assemble the Andrew’s Gas Generator (as shown in picture 5)

8.8 Clamp the plastic buchner flask

8.9 Position the water trough and the bee-hive shelf

8.10 Have all test tubes prepared (i.e. stoppers available)

8.11 Have 250ml beaker of water available to stop reaction

8.12 Add zinc granules to the buchner flask (cover base of flask)

8.13 With the stop valve closed carefully add 28ml of 4 molar hydrochloric acid to the dropping funnel

8.14 Position the delivery tube in the glass trough, beneath the bee-hive shelf 

8.15 Place the test tubes and stoppers in the trough underneath the water level

8.16 Open the dropping funnel stop valve and slowly add the 28ml of hydrochloric acid to the zinc granules

8.17 Bubbles of gas will be produced, allow 5 seconds before filling to allow all excess air to be expelled from the generator

8.18 Fill 2 test tubes by water displacement

8.19 Retain these first 2 test tubes for testing

8.20 Now continue to fill the remaining test tubes 

8.21 When all test tubes are filled, add water to the buchner flask to stop the reaction 

8.22 If any acid remains in the dropping funnel, empty into a beaker of water, dilute and wash to waste with plenty of running water

8.23 Dilute the reactants in the buchner flask with water and wash to waste the zinc chloride solution with plenty of running water, the zinc granules can be washed / dried and reused

8.24 Thoroughly quench all parts of the gas generator with water to remove any traces of hydrogen gas

8.25 Finally test the first two test tubes filled (for hydrogen “pop” with a lighted splint) to ensure that subsequent tubes were in fact filled with hydrogen

9 Storage 

Test tubes of hydrogen gas should be prepared no more than 1 hour before use and should be stored in a well ventilated area until use.

10 Disposal

After use, all test tubes of hydrogen gas should be quenched with water and emptied, in a well ventilated area  not a fume cupboard, before being washed for reuse.

11 Spillage

As applied to the chemicals used in the reaction: 

Hydrogen – will disperse very quickly, ventilate area, and open external windows.  Due to highly flammable nature avoid any sources of ignition (do not switch on / off lights)

12 Immediate Remedial Measure (exposure to hydrogen gas)

Lungs: Remove patient from exposure to fresh air, rest and keep warm. If breathing is affected take casualty to hospital as soon as possible.

Generating 1 Litre of Nitrogen Dioxide:

Using 8ml Concentrated Nitric Acid and Copper Turnings
NITROGEN DIOXIDE GAS GENERATOR
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	Chemicals (reactants and products)
	Hazards

	Concentrated (70%) Nitric Acid  (reactant)
	Corrosive

	Copper Turnings (reactant)
	

	Nitrogen Dioxide (product)
	Very Toxic, Irritant

	Copper Nitrate (product)
	Oxidising


Apparatus: Gas Generator – Andrew’s Generator (see picture 6)

13 Control Measures

13.1 Carry out nitrogen dioxide gas preparation in a fume cupboard

13.2 Wear high grade protective gloves

13.3 Wear eye protection

13.4 Have water available to stop the reaction

13.5 Always add nitric acid to copper

13.6 Always generate measured amounts of nitrogen dioxide do not over produce unnecessary quantities of gas

Note

Nitrogen dioxide is a red – brown colour with a pungent smell, it is heavier than air and is collected by “downward delivery”. 

The reaction between concentrated nitric acid and copper turnings is a very vigorous reaction, a lot of gas will be produced in the initial seconds and then production will slow to stop.  

14 Process
14.1 Assemble the Andrew’s Gas Generator (as shown in picture 6)

14.2 Clamp the buchner flask

14.3 Have all test tubes and gas jars prepared (i.e. stoppers available, gas jars/lids greased)

14.4 Have 250ml beaker of water available to stop the reaction

14.5 Switch on the fume cupboard

14.6 Add copper turnings to the buchner flask (cover base of flask)

14.7 With the stop valve closed carefully add 8ml of concentrated nitric acid to the dropping funnel

14.8 Place the delivery tube at the bottom of the first gas jar / test tube to be filled

14.9 Open the dropping funnel stop valve and slowly (drop by drop) add the nitric acid to the copper turnings

14.10 Immediately fill the gas jars / test tubes, placing the delivery tube at the bottom of the gas jar / test tube

14.11 When all gas jars / test tubes are filled, add water to the buchner flask to stop the reaction 

14.12 If any acid remains in the dropping funnel, empty into a beaker of water, dilute and wash to waste with plenty of running water

14.13 Dilute the reactants in the buchner flask with water and wash the copper nitrate solution to waste with plenty of running water, the copper turnings can be washed / dried and reused

14.14 While still in the fume cupboard, thoroughly quench all parts of the gas generator with water to remove any traces of nitrogen dioxide

15 Storage  

Gas jars and test tubes of nitrogen dioxide gas should be prepared no more than 1 hour before use and should be stored in a fume cupboard (switched on) until used.

16 Disposal

After use, all test tubes and gas jars of nitrogen dioxide gas should be quenched with water and emptied, in a fume cupboard, before being washed for reuse.

17 Spillage 

As applied to the chemicals which react to form nitrogen dioxide:  

In the event of a large escape of nitrogen dioxide into the laboratory (500cm 3 or more) evacuate the laboratory.  Outside windows should be opened and internal windows and doors closed. 

18 Immediate Remedial Measures (exposure to nitrogen dioxide gas)

Eyes: Irrigate with water for at least 10 minutes.

Lungs: Remove patient from exposure to fresh air.  Rest and keep warm.  Even if symptoms are not obvious, medical observation for up to 72 hours may be required because of the insidious effects of nitrogen monoxide and nitrogen dioxide.  Dinitrogen monoxide has an anaesthetic effect upon inhalation.

Skin: Wash well with soap and water.  Remove and wash contaminated clothing.

If more than just a trace of nitrogen monoxide or nitrogen dioxide is inhaled or eyes are irritated then take casualty to hospital as soon as possible.


� EMBED PBrush  ���





Technician Guidance Sheets





Objectives - 	The objectives of this bulletin are to ensure the safe preparation and disposal of Hydrogen, Chlorine and Nitrogen Dioxide Gas.





Persons responsible - Senior Support Service Technicians and Support Service Technicians
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