
GlaxoSmithKline is a leading research-based pharmaceutical 
company committed to excellence and innovation.  We are 
the second largest life science company in the world and have 
a leadership position in four major therapeutic areas – anti-
infectives, gastrointestinal/metabolic, respiratory and central 
nervous system. 

The source of our competitive advantage is the energy and 
commitment of our employees.  Our mission is to improve the 
quality of human life to enable people to do more, feel better and 
to live longer.

World-wide we employ over 110,000 people and have 80 
manufacturing sites in 37 countries.  At our Cork Site in 
Currabinny, which was established in 1975, we manufacture 
the active ingredients of medical compounds. Our Currabinny 
facility employs over 500 people, many of whom are engaged 
in development chemistry, analytical and quality chemistry and 
chemical and process engineering.  

The Cork facility is a strategic global new product introduction 
site within GSK’s manufacturing network.  We have a highly 
automated manufacturing facility, as well as an R&D Pilot Plant 
with Pilot Plant Laboratories on site. 

We are currently the primary production site for a number of 
GSK’s top selling drugs which treat illnesses such as depression, 
Type 2 Diabetes, Congestive Heart Failure, Ulcers, HIV, Ovarian 
Cancer, Breast Cancer, Parkinson’s Disease and Arthritis. 

GlaxoSmithKline also has a manufacturing and R&D facility in 
Dungarvan, Co. Waterford and sales and marketing functions in 
Dublin.  GSK currently employs over 1,400 in Ireland.
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tapped sharply against the 
desk causing the crystals to 
fall to the sealed end. When 
about 3 mm of crystals are 
in the base of the tube it is 
placed in the oil bath. The 
temperature at which the 
sample begins to melt and 
the temperature at which 
it is completely melted are 
recorded. 

To double check your 
result, mix a sample of 
benzoic acid with some 
pure benzoic acid.  If both 
are pure benzoic acid the 
melting point will remain 
the same but if the sample 
is not pure benzoic acid 
then the melting point will 
be lowered.

How do I know I have a pure substance?
The melting point of a substance is not the exact point at which it melts 
but rather the range of temperatures from when the samples starts to melt 
until it has completely melted. The greater the range the more impurities 
present. A range of less than 1 °C indicates a pure substance. 

How is crystallisation used in industry?
The use of crystallisation in the pharmaceutical industry is an important 
process for controlling the physical properties, yield and purity of an 
Active Pharmaceutical Ingredient (API). Many production processes 
use crystallisation in the fi nal stage of manufacture to achieve these 
targets. Recent advances in crystallisation process monitoring allow for 
a better understanding of the process. These advances allow crystals 
with specifi c physical properties, for example particle size and shape, 
to be created.  It is possible to produce crystals of varying particle size, 
shape and form polymorphs of the same substance, but only one will be 
suitable for drug development and manufacture. 

In industry, the way an API is fi ltered and dried can have a very signifi cant 
impact on the physical properties of the material.

Calculating the percentage yield
After the crystallisation process the amount of sample will have been 
reduced as impurities have been removed. To calculate how much of the 
pure substance was present in the initial impure sample, the percentage 
yield is calculated. 

  Mass of pure sample (after recrystallisation) 
 Mass of impure sample (before recrystallisation) 

The percentage yield is a good indicator of the purity of the initial 
sample. A high percentage yield implies a low concentration of 
impurities, whereas a low percentage yield indicates a sample with a 
lot of impurities. 

Producing pure substances is a very important process, 
especially in the pharmaceutical industry. Separating 
insoluble solids from solvents is easily achieved using a 
simple technique called fi ltration. Soluble solids again 
are easily separated from solvents by evaporation, and 
chromatography is used to separate a mixture of liquids.  But 
what happens when we have two soluble solids that we want 
to separate? In this lesson we will look at recrystallisation, a 
commonly-used process in the pharmaceutical industry.  

What is recrystallisation?
Recrystallisation is a very important purifi cation technique, purifying 
substances by removing unwanted by-products. It is also used 
to manufacture the correct crystal size and shape of a material. 
These factors can have a very signifi cant impact on how a 
medicine acts when taken by a patient. The same principles and 
techniques of recrystallisation can be applied both on a laboratory and 
industry scale. 

What are the principles behind 
recrystallisation?
The process depends on two principles; the fact that substances tend 
to be more soluble in a hot solvent than in cold solvent, and that each 
solute tends to behave as though it were alone in the solvent.  

How do I know what solvent to use?
Using the correct solvent is a very important part of the process. The 
solute must be insoluble in the solvent at room temperature, and as the 
temperature of the solvent increases, the solubility of the solute also 
increases. It is also important that the impurities present are soluble in 
the solvent at room temperature and insoluble at higher temperatures.  

An excellent substance for showing this process is benzoic acid 
(C6H5COOH). A molecular crystal rather than an ionic crystal, shown 
by its low melting point of 122 °C, benzoic acid is used as an anti-
microbial agent and is found in toothpastes, mouthwashes, cosmetics 
and deodorants.

Impure benzoic acid contains the impurities phthalic acid and 
benzylbenzoate. If the impure sample is dissolved in a minimal volume of 
hot solvent – in this case boiling water – and fi ltered to remove insoluble 
impurities, the resulting solution will contain dissolved benzoic acid as 
well as dissolved impurities. 

Upon cooling, the benzoic acid crystals comes out of solution as its 
solubiluty in the solvent decreases. The impurities will remain in solution 
and can be fi ltered off. 

It is very important when carrying out this experiment that rubber gloves 
are worn, because organic substances can be absorbed through the 
skin, and as well, goggles should be worn to protect your eyes from hot 
liquids which may spray out from the fl ask.
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How can we check the purity of 
our substance?
A pure substance has a fi xed melting point while an impure substance 
melts over a wide range of temperatures and at a lower temperature 
than the pure substance. The melting points of almost all substances 
are available in tables.

To check the melting point place a few crystals of the sample on an 
aluminium block which has a thermometer inserted.  Use a hot plate 
to heat the block slowly. Watch the crystals carefully and note the 
temperature at which they begin to melt and the temperature at which 
they have all melted. Compare this value with the value found on the 
bottle of pure substance. Another method of checking the melting point of 
crystals is to use a narrow capillary tube in an oil bath. The capillary tube 
has one end open and the other end sealed. The open end is pressed 
into fi ne crystals of the substance and the turned upside down and 

Beaker containing benzoic acid dissolved in 
minimum amount of boiling water

Filter funnel with fluted filter paper to 
speed up the filtrarion process. Insoluble 
impurities left behind as residue

Conical flask with hot concentrated 
benzoic acid solution which still contains 
soluble impurities

Fig.1  Filtration to remove insoluble impurities

Pure benzoic acid cystals

Büchner funnel

Büchner flask

Water containing soluble impurities

Fig.2  After cooling, the remaining solution is fi ltered off

Thermometer

Benzoic acid crystals

Aluminium block

Bunsen burner

Fig.1  Finding the melting 
point of benzoic acid

Percentage yield =  x 100

You can fi nd out more about the work of   
GlaxoSmithKline at www.gsk.com, 
www.gsk.com/worldwide/ie.htm or at www.sta.ie

GlaxoSmithKline is a leading research-based pharmaceutical 
company committed to excellence and innovation.  We are 
the second largest life science company in the world and have 
a leadership position in four major therapeutic areas – anti-
infectives, gastrointestinal/metabolic, respiratory and central 
nervous system. 

The source of our competitive advantage is the energy and 
commitment of our employees.  Our mission is to improve the 
quality of human life to enable people to do more, feel better and 
to live longer.

World-wide we employ over 110,000 people and have 80 
manufacturing sites in 37 countries.  At our Cork Site in 
Currabinny, which was established in 1975, we manufacture 
the active ingredients of medical compounds. Our Currabinny 
facility employs over 500 people, many of whom are engaged 
in development chemistry, analytical and quality chemistry and 
chemical and process engineering.  

The Cork facility is a strategic global new product introduction 
site within GSK’s manufacturing network.  We have a highly 
automated manufacturing facility, as well as an R&D Pilot Plant 
with Pilot Plant Laboratories on site. 

We are currently the primary production site for a number of 
GSK’s top selling drugs which treat illnesses such as depression, 
Type 2 Diabetes, Congestive Heart Failure, Ulcers, HIV, Ovarian 
Cancer, Breast Cancer, Parkinson’s Disease and Arthritis. 

GlaxoSmithKline also has a manufacturing and R&D facility in 
Dungarvan, Co. Waterford and sales and marketing functions in 
Dublin.  GSK currently employs over 1,400 in Ireland.
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desk causing the crystals to 
fall to the sealed end. When 
about 3 mm of crystals are 
in the base of the tube it is 
placed in the oil bath. The 
temperature at which the 
sample begins to melt and 
the temperature at which 
it is completely melted are 
recorded. 

To double check your 
result, mix a sample of 
benzoic acid with some 
pure benzoic acid.  If both 
are pure benzoic acid the 
melting point will remain 
the same but if the sample 
is not pure benzoic acid 
then the melting point will 
be lowered.

How do I know I have a pure substance?
The melting point of a substance is not the exact point at which it melts 
but rather the range of temperatures from when the samples starts to melt 
until it has completely melted. The greater the range the more impurities 
present. A range of less than 1 °C indicates a pure substance. 

How is crystallisation used in industry?
The use of crystallisation in the pharmaceutical industry is an important 
process for controlling the physical properties, yield and purity of an 
Active Pharmaceutical Ingredient (API). Many production processes 
use crystallisation in the fi nal stage of manufacture to achieve these 
targets. Recent advances in crystallisation process monitoring allow for 
a better understanding of the process. These advances allow crystals 
with specifi c physical properties, for example particle size and shape, 
to be created.  It is possible to produce crystals of varying particle size, 
shape and form polymorphs of the same substance, but only one will be 
suitable for drug development and manufacture. 

In industry, the way an API is fi ltered and dried can have a very signifi cant 
impact on the physical properties of the material.

Calculating the percentage yield
After the crystallisation process the amount of sample will have been 
reduced as impurities have been removed. To calculate how much of the 
pure substance was present in the initial impure sample, the percentage 
yield is calculated. 

  Mass of pure sample (after recrystallisation) 
 Mass of impure sample (before recrystallisation) 

The percentage yield is a good indicator of the purity of the initial 
sample. A high percentage yield implies a low concentration of 
impurities, whereas a low percentage yield indicates a sample with a 
lot of impurities. 

Producing pure substances is a very important process, 
especially in the pharmaceutical industry. Separating 
insoluble solids from solvents is easily achieved using a 
simple technique called fi ltration. Soluble solids again 
are easily separated from solvents by evaporation, and 
chromatography is used to separate a mixture of liquids.  But 
what happens when we have two soluble solids that we want 
to separate? In this lesson we will look at recrystallisation, a 
commonly-used process in the pharmaceutical industry.  

What is recrystallisation?
Recrystallisation is a very important purifi cation technique, purifying 
substances by removing unwanted by-products. It is also used 
to manufacture the correct crystal size and shape of a material. 
These factors can have a very signifi cant impact on how a 
medicine acts when taken by a patient. The same principles and 
techniques of recrystallisation can be applied both on a laboratory and 
industry scale. 

What are the principles behind 
recrystallisation?
The process depends on two principles; the fact that substances tend 
to be more soluble in a hot solvent than in cold solvent, and that each 
solute tends to behave as though it were alone in the solvent.  

How do I know what solvent to use?
Using the correct solvent is a very important part of the process. The 
solute must be insoluble in the solvent at room temperature, and as the 
temperature of the solvent increases, the solubility of the solute also 
increases. It is also important that the impurities present are soluble in 
the solvent at room temperature and insoluble at higher temperatures.  

An excellent substance for showing this process is benzoic acid 
(C6H5COOH). A molecular crystal rather than an ionic crystal, shown 
by its low melting point of 122 °C, benzoic acid is used as an anti-
microbial agent and is found in toothpastes, mouthwashes, cosmetics 
and deodorants.

Impure benzoic acid contains the impurities phthalic acid and 
benzylbenzoate. If the impure sample is dissolved in a minimal volume of 
hot solvent – in this case boiling water – and fi ltered to remove insoluble 
impurities, the resulting solution will contain dissolved benzoic acid as 
well as dissolved impurities. 

Upon cooling, the benzoic acid crystals comes out of solution as its 
solubiluty in the solvent decreases. The impurities will remain in solution 
and can be fi ltered off. 

It is very important when carrying out this experiment that rubber gloves 
are worn, because organic substances can be absorbed through the 
skin, and as well, goggles should be worn to protect your eyes from hot 
liquids which may spray out from the fl ask.
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How can we check the purity of 
our substance?
A pure substance has a fi xed melting point while an impure substance 
melts over a wide range of temperatures and at a lower temperature 
than the pure substance. The melting points of almost all substances 
are available in tables.

To check the melting point place a few crystals of the sample on an 
aluminium block which has a thermometer inserted.  Use a hot plate 
to heat the block slowly. Watch the crystals carefully and note the 
temperature at which they begin to melt and the temperature at which 
they have all melted. Compare this value with the value found on the 
bottle of pure substance. Another method of checking the melting point of 
crystals is to use a narrow capillary tube in an oil bath. The capillary tube 
has one end open and the other end sealed. The open end is pressed 
into fi ne crystals of the substance and the turned upside down and 

Beaker containing benzoic acid dissolved in 
minimum amount of boiling water

Filter funnel with fluted filter paper to 
speed up the filtrarion process. Insoluble 
impurities left behind as residue

Conical flask with hot concentrated 
benzoic acid solution which still contains 
soluble impurities

Fig.1  Filtration to remove insoluble impurities

Pure benzoic acid cystals

Büchner funnel

Büchner flask

Water containing soluble impurities

Fig.2  After cooling, the remaining solution is fi ltered off

Thermometer

Benzoic acid crystals

Aluminium block

Bunsen burner

Fig.1  Finding the melting 
point of benzoic acid

Percentage yield =  x 100

You can fi nd out more about the work of   
GlaxoSmithKline at www.gsk.com, 
www.gsk.com/worldwide/ie.htm or at www.sta.ie



GlaxoSmithKline is a leading research-based pharmaceutical 
company committed to excellence and innovation.  We are 
the second largest life science company in the world and have 
a leadership position in four major therapeutic areas – anti-
infectives, gastrointestinal/metabolic, respiratory and central 
nervous system. 

The source of our competitive advantage is the energy and 
commitment of our employees.  Our mission is to improve the 
quality of human life to enable people to do more, feel better and 
to live longer.

World-wide we employ over 110,000 people and have 80 
manufacturing sites in 37 countries.  At our Cork Site in 
Currabinny, which was established in 1975, we manufacture 
the active ingredients of medical compounds. Our Currabinny 
facility employs over 500 people, many of whom are engaged 
in development chemistry, analytical and quality chemistry and 
chemical and process engineering.  

The Cork facility is a strategic global new product introduction 
site within GSK’s manufacturing network.  We have a highly 
automated manufacturing facility, as well as an R&D Pilot Plant 
with Pilot Plant Laboratories on site. 

We are currently the primary production site for a number of 
GSK’s top selling drugs which treat illnesses such as depression, 
Type 2 Diabetes, Congestive Heart Failure, Ulcers, HIV, Ovarian 
Cancer, Breast Cancer, Parkinson’s Disease and Arthritis. 

GlaxoSmithKline also has a manufacturing and R&D facility in 
Dungarvan, Co. Waterford and sales and marketing functions in 
Dublin.  GSK currently employs over 1,400 in Ireland.
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tapped sharply against the 
desk causing the crystals to 
fall to the sealed end. When 
about 3 mm of crystals are 
in the base of the tube it is 
placed in the oil bath. The 
temperature at which the 
sample begins to melt and 
the temperature at which 
it is completely melted are 
recorded. 

To double check your 
result, mix a sample of 
benzoic acid with some 
pure benzoic acid.  If both 
are pure benzoic acid the 
melting point will remain 
the same but if the sample 
is not pure benzoic acid 
then the melting point will 
be lowered.

How do I know I have a pure substance?
The melting point of a substance is not the exact point at which it melts 
but rather the range of temperatures from when the samples starts to melt 
until it has completely melted. The greater the range the more impurities 
present. A range of less than 1 °C indicates a pure substance. 

How is crystallisation used in industry?
The use of crystallisation in the pharmaceutical industry is an important 
process for controlling the physical properties, yield and purity of an 
Active Pharmaceutical Ingredient (API). Many production processes 
use crystallisation in the fi nal stage of manufacture to achieve these 
targets. Recent advances in crystallisation process monitoring allow for 
a better understanding of the process. These advances allow crystals 
with specifi c physical properties, for example particle size and shape, 
to be created.  It is possible to produce crystals of varying particle size, 
shape and form polymorphs of the same substance, but only one will be 
suitable for drug development and manufacture. 

In industry, the way an API is fi ltered and dried can have a very signifi cant 
impact on the physical properties of the material.

Calculating the percentage yield
After the crystallisation process the amount of sample will have been 
reduced as impurities have been removed. To calculate how much of the 
pure substance was present in the initial impure sample, the percentage 
yield is calculated. 

  Mass of pure sample (after recrystallisation) 
 Mass of impure sample (before recrystallisation) 

The percentage yield is a good indicator of the purity of the initial 
sample. A high percentage yield implies a low concentration of 
impurities, whereas a low percentage yield indicates a sample with a 
lot of impurities. 

Producing pure substances is a very important process, 
especially in the pharmaceutical industry. Separating 
insoluble solids from solvents is easily achieved using a 
simple technique called fi ltration. Soluble solids again 
are easily separated from solvents by evaporation, and 
chromatography is used to separate a mixture of liquids.  But 
what happens when we have two soluble solids that we want 
to separate? In this lesson we will look at recrystallisation, a 
commonly-used process in the pharmaceutical industry.  

What is recrystallisation?
Recrystallisation is a very important purifi cation technique, purifying 
substances by removing unwanted by-products. It is also used 
to manufacture the correct crystal size and shape of a material. 
These factors can have a very signifi cant impact on how a 
medicine acts when taken by a patient. The same principles and 
techniques of recrystallisation can be applied both on a laboratory and 
industry scale. 

What are the principles behind 
recrystallisation?
The process depends on two principles; the fact that substances tend 
to be more soluble in a hot solvent than in cold solvent, and that each 
solute tends to behave as though it were alone in the solvent.  

How do I know what solvent to use?
Using the correct solvent is a very important part of the process. The 
solute must be insoluble in the solvent at room temperature, and as the 
temperature of the solvent increases, the solubility of the solute also 
increases. It is also important that the impurities present are soluble in 
the solvent at room temperature and insoluble at higher temperatures.  

An excellent substance for showing this process is benzoic acid 
(C6H5COOH). A molecular crystal rather than an ionic crystal, shown 
by its low melting point of 122 °C, benzoic acid is used as an anti-
microbial agent and is found in toothpastes, mouthwashes, cosmetics 
and deodorants.

Impure benzoic acid contains the impurities phthalic acid and 
benzylbenzoate. If the impure sample is dissolved in a minimal volume of 
hot solvent – in this case boiling water – and fi ltered to remove insoluble 
impurities, the resulting solution will contain dissolved benzoic acid as 
well as dissolved impurities. 

Upon cooling, the benzoic acid crystals comes out of solution as its 
solubiluty in the solvent decreases. The impurities will remain in solution 
and can be fi ltered off. 

It is very important when carrying out this experiment that rubber gloves 
are worn, because organic substances can be absorbed through the 
skin, and as well, goggles should be worn to protect your eyes from hot 
liquids which may spray out from the fl ask.
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A pure substance has a fi xed melting point while an impure substance 
melts over a wide range of temperatures and at a lower temperature 
than the pure substance. The melting points of almost all substances 
are available in tables.

To check the melting point place a few crystals of the sample on an 
aluminium block which has a thermometer inserted.  Use a hot plate 
to heat the block slowly. Watch the crystals carefully and note the 
temperature at which they begin to melt and the temperature at which 
they have all melted. Compare this value with the value found on the 
bottle of pure substance. Another method of checking the melting point of 
crystals is to use a narrow capillary tube in an oil bath. The capillary tube 
has one end open and the other end sealed. The open end is pressed 
into fi ne crystals of the substance and the turned upside down and 

Beaker containing benzoic acid dissolved in 
minimum amount of boiling water

Filter funnel with fluted filter paper to 
speed up the filtrarion process. Insoluble 
impurities left behind as residue

Conical flask with hot concentrated 
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company committed to excellence and innovation.  We are 
the second largest life science company in the world and have 
a leadership position in four major therapeutic areas – anti-
infectives, gastrointestinal/metabolic, respiratory and central 
nervous system. 

The source of our competitive advantage is the energy and 
commitment of our employees.  Our mission is to improve the 
quality of human life to enable people to do more, feel better and 
to live longer.

World-wide we employ over 110,000 people and have 80 
manufacturing sites in 37 countries.  At our Cork Site in 
Currabinny, which was established in 1975, we manufacture 
the active ingredients of medical compounds. Our Currabinny 
facility employs over 500 people, many of whom are engaged 
in development chemistry, analytical and quality chemistry and 
chemical and process engineering.  

The Cork facility is a strategic global new product introduction 
site within GSK’s manufacturing network.  We have a highly 
automated manufacturing facility, as well as an R&D Pilot Plant 
with Pilot Plant Laboratories on site. 

We are currently the primary production site for a number of 
GSK’s top selling drugs which treat illnesses such as depression, 
Type 2 Diabetes, Congestive Heart Failure, Ulcers, HIV, Ovarian 
Cancer, Breast Cancer, Parkinson’s Disease and Arthritis. 

GlaxoSmithKline also has a manufacturing and R&D facility in 
Dungarvan, Co. Waterford and sales and marketing functions in 
Dublin.  GSK currently employs over 1,400 in Ireland.
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tapped sharply against the 
desk causing the crystals to 
fall to the sealed end. When 
about 3 mm of crystals are 
in the base of the tube it is 
placed in the oil bath. The 
temperature at which the 
sample begins to melt and 
the temperature at which 
it is completely melted are 
recorded. 

To double check your 
result, mix a sample of 
benzoic acid with some 
pure benzoic acid.  If both 
are pure benzoic acid the 
melting point will remain 
the same but if the sample 
is not pure benzoic acid 
then the melting point will 
be lowered.

How do I know I have a pure substance?
The melting point of a substance is not the exact point at which it melts 
but rather the range of temperatures from when the samples starts to melt 
until it has completely melted. The greater the range the more impurities 
present. A range of less than 1 °C indicates a pure substance. 

How is crystallisation used in industry?
The use of crystallisation in the pharmaceutical industry is an important 
process for controlling the physical properties, yield and purity of an 
Active Pharmaceutical Ingredient (API). Many production processes 
use crystallisation in the fi nal stage of manufacture to achieve these 
targets. Recent advances in crystallisation process monitoring allow for 
a better understanding of the process. These advances allow crystals 
with specifi c physical properties, for example particle size and shape, 
to be created.  It is possible to produce crystals of varying particle size, 
shape and form polymorphs of the same substance, but only one will be 
suitable for drug development and manufacture. 

In industry, the way an API is fi ltered and dried can have a very signifi cant 
impact on the physical properties of the material.

Calculating the percentage yield
After the crystallisation process the amount of sample will have been 
reduced as impurities have been removed. To calculate how much of the 
pure substance was present in the initial impure sample, the percentage 
yield is calculated. 

  Mass of pure sample (after recrystallisation) 
 Mass of impure sample (before recrystallisation) 

The percentage yield is a good indicator of the purity of the initial 
sample. A high percentage yield implies a low concentration of 
impurities, whereas a low percentage yield indicates a sample with a 
lot of impurities. 

Producing pure substances is a very important process, 
especially in the pharmaceutical industry. Separating 
insoluble solids from solvents is easily achieved using a 
simple technique called fi ltration. Soluble solids again 
are easily separated from solvents by evaporation, and 
chromatography is used to separate a mixture of liquids.  But 
what happens when we have two soluble solids that we want 
to separate? In this lesson we will look at recrystallisation, a 
commonly-used process in the pharmaceutical industry.  

What is recrystallisation?
Recrystallisation is a very important purifi cation technique, purifying 
substances by removing unwanted by-products. It is also used 
to manufacture the correct crystal size and shape of a material. 
These factors can have a very signifi cant impact on how a 
medicine acts when taken by a patient. The same principles and 
techniques of recrystallisation can be applied both on a laboratory and 
industry scale. 

What are the principles behind 
recrystallisation?
The process depends on two principles; the fact that substances tend 
to be more soluble in a hot solvent than in cold solvent, and that each 
solute tends to behave as though it were alone in the solvent.  

How do I know what solvent to use?
Using the correct solvent is a very important part of the process. The 
solute must be insoluble in the solvent at room temperature, and as the 
temperature of the solvent increases, the solubility of the solute also 
increases. It is also important that the impurities present are soluble in 
the solvent at room temperature and insoluble at higher temperatures.  

An excellent substance for showing this process is benzoic acid 
(C6H5COOH). A molecular crystal rather than an ionic crystal, shown 
by its low melting point of 122 °C, benzoic acid is used as an anti-
microbial agent and is found in toothpastes, mouthwashes, cosmetics 
and deodorants.

Impure benzoic acid contains the impurities phthalic acid and 
benzylbenzoate. If the impure sample is dissolved in a minimal volume of 
hot solvent – in this case boiling water – and fi ltered to remove insoluble 
impurities, the resulting solution will contain dissolved benzoic acid as 
well as dissolved impurities. 

Upon cooling, the benzoic acid crystals comes out of solution as its 
solubiluty in the solvent decreases. The impurities will remain in solution 
and can be fi ltered off. 

It is very important when carrying out this experiment that rubber gloves 
are worn, because organic substances can be absorbed through the 
skin, and as well, goggles should be worn to protect your eyes from hot 
liquids which may spray out from the fl ask.

to be created.  It is possible to produce crystals of varying particle size, 
polymorphs

suitable for drug development and manufacture. 

to be created.  It is possible to produce crystals of varying particle size, 
shape and form polymorphs
suitable for drug development and manufacture. 

targets. Recent advances in crystallisation process monitoring allow for 
a better understanding of the process. These advances allow crystals 
with specifi c physical properties, for example particle size and shape, 

use crystallisation in the fi nal stage of manufacture to achieve these 
targets. Recent advances in crystallisation process monitoring allow for 
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targets. Recent advances in crystallisation process monitoring allow for 
use crystallisation in the fi nal stage of manufacture to achieve these 
targets. Recent advances in crystallisation process monitoring allow for 

How can we check the purity of 
our substance?
A pure substance has a fi xed melting point while an impure substance 
melts over a wide range of temperatures and at a lower temperature 
than the pure substance. The melting points of almost all substances 
are available in tables.

To check the melting point place a few crystals of the sample on an 
aluminium block which has a thermometer inserted.  Use a hot plate 
to heat the block slowly. Watch the crystals carefully and note the 
temperature at which they begin to melt and the temperature at which 
they have all melted. Compare this value with the value found on the 
bottle of pure substance. Another method of checking the melting point of 
crystals is to use a narrow capillary tube in an oil bath. The capillary tube 
has one end open and the other end sealed. The open end is pressed 
into fi ne crystals of the substance and the turned upside down and 

Beaker containing benzoic acid dissolved in 
minimum amount of boiling water

Filter funnel with fluted filter paper to 
speed up the filtrarion process. Insoluble 
impurities left behind as residue

Conical flask with hot concentrated 
benzoic acid solution which still contains 
soluble impurities

Fig.1  Filtration to remove insoluble impurities

Pure benzoic acid cystals

Büchner funnel

Büchner flask

Water containing soluble impurities

Fig.2  After cooling, the remaining solution is fi ltered off

Thermometer

Benzoic acid crystals

Aluminium block

Bunsen burner

Fig.1  Finding the melting 
point of benzoic acid

Percentage yield =  x 100

You can fi nd out more about the work of   
GlaxoSmithKline at www.gsk.com, 
www.gsk.com/worldwide/ie.htm or at www.sta.ie



GlaxoSmithKline is a leading research-based pharmaceutical 
company committed to excellence and innovation.  We are 
the second largest life science company in the world and have 
a leadership position in four major therapeutic areas – anti-
infectives, gastrointestinal/metabolic, respiratory and central 
nervous system. 

The source of our competitive advantage is the energy and 
commitment of our employees.  Our mission is to improve the 
quality of human life to enable people to do more, feel better and 
to live longer.

World-wide we employ over 110,000 people and have 80 
manufacturing sites in 37 countries.  At our Cork Site in 
Currabinny, which was established in 1975, we manufacture 
the active ingredients of medical compounds. Our Currabinny 
facility employs over 500 people, many of whom are engaged 
in development chemistry, analytical and quality chemistry and 
chemical and process engineering.  

The Cork facility is a strategic global new product introduction 
site within GSK’s manufacturing network.  We have a highly 
automated manufacturing facility, as well as an R&D Pilot Plant 
with Pilot Plant Laboratories on site. 

We are currently the primary production site for a number of 
GSK’s top selling drugs which treat illnesses such as depression, 
Type 2 Diabetes, Congestive Heart Failure, Ulcers, HIV, Ovarian 
Cancer, Breast Cancer, Parkinson’s Disease and Arthritis. 

GlaxoSmithKline also has a manufacturing and R&D facility in 
Dungarvan, Co. Waterford and sales and marketing functions in 
Dublin.  GSK currently employs over 1,400 in Ireland.
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tapped sharply against the 
desk causing the crystals to 
fall to the sealed end. When 
about 3 mm of crystals are 
in the base of the tube it is 
placed in the oil bath. The 
temperature at which the 
sample begins to melt and 
the temperature at which 
it is completely melted are 
recorded. 

To double check your 
result, mix a sample of 
benzoic acid with some 
pure benzoic acid.  If both 
are pure benzoic acid the 
melting point will remain 
the same but if the sample 
is not pure benzoic acid 
then the melting point will 
be lowered.

How do I know I have a pure substance?
The melting point of a substance is not the exact point at which it melts 
but rather the range of temperatures from when the samples starts to melt 
until it has completely melted. The greater the range the more impurities 
present. A range of less than 1 °C indicates a pure substance. 

How is crystallisation used in industry?
The use of crystallisation in the pharmaceutical industry is an important 
process for controlling the physical properties, yield and purity of an 
Active Pharmaceutical Ingredient (API). Many production processes 
use crystallisation in the fi nal stage of manufacture to achieve these 
targets. Recent advances in crystallisation process monitoring allow for 
a better understanding of the process. These advances allow crystals 
with specifi c physical properties, for example particle size and shape, 
to be created.  It is possible to produce crystals of varying particle size, 
shape and form polymorphs of the same substance, but only one will be 
suitable for drug development and manufacture. 

In industry, the way an API is fi ltered and dried can have a very signifi cant 
impact on the physical properties of the material.

Calculating the percentage yield
After the crystallisation process the amount of sample will have been 
reduced as impurities have been removed. To calculate how much of the 
pure substance was present in the initial impure sample, the percentage 
yield is calculated. 

  Mass of pure sample (after recrystallisation) 
 Mass of impure sample (before recrystallisation) 

The percentage yield is a good indicator of the purity of the initial 
sample. A high percentage yield implies a low concentration of 
impurities, whereas a low percentage yield indicates a sample with a 
lot of impurities. 

Producing pure substances is a very important process, 
especially in the pharmaceutical industry. Separating 
insoluble solids from solvents is easily achieved using a 
simple technique called fi ltration. Soluble solids again 
are easily separated from solvents by evaporation, and 
chromatography is used to separate a mixture of liquids.  But 
what happens when we have two soluble solids that we want 
to separate? In this lesson we will look at recrystallisation, a 
commonly-used process in the pharmaceutical industry.  

What is recrystallisation?
Recrystallisation is a very important purifi cation technique, purifying 
substances by removing unwanted by-products. It is also used 
to manufacture the correct crystal size and shape of a material. 
These factors can have a very signifi cant impact on how a 
medicine acts when taken by a patient. The same principles and 
techniques of recrystallisation can be applied both on a laboratory and 
industry scale. 

What are the principles behind 
recrystallisation?
The process depends on two principles; the fact that substances tend 
to be more soluble in a hot solvent than in cold solvent, and that each 
solute tends to behave as though it were alone in the solvent.  

How do I know what solvent to use?
Using the correct solvent is a very important part of the process. The 
solute must be insoluble in the solvent at room temperature, and as the 
temperature of the solvent increases, the solubility of the solute also 
increases. It is also important that the impurities present are soluble in 
the solvent at room temperature and insoluble at higher temperatures.  

An excellent substance for showing this process is benzoic acid 
(C6H5COOH). A molecular crystal rather than an ionic crystal, shown 
by its low melting point of 122 °C, benzoic acid is used as an anti-
microbial agent and is found in toothpastes, mouthwashes, cosmetics 
and deodorants.

Impure benzoic acid contains the impurities phthalic acid and 
benzylbenzoate. If the impure sample is dissolved in a minimal volume of 
hot solvent – in this case boiling water – and fi ltered to remove insoluble 
impurities, the resulting solution will contain dissolved benzoic acid as 
well as dissolved impurities. 

Upon cooling, the benzoic acid crystals comes out of solution as its 
solubiluty in the solvent decreases. The impurities will remain in solution 
and can be fi ltered off. 

It is very important when carrying out this experiment that rubber gloves 
are worn, because organic substances can be absorbed through the 
skin, and as well, goggles should be worn to protect your eyes from hot 
liquids which may spray out from the fl ask.
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How can we check the purity of 
our substance?
A pure substance has a fi xed melting point while an impure substance 
melts over a wide range of temperatures and at a lower temperature 
than the pure substance. The melting points of almost all substances 
are available in tables.

To check the melting point place a few crystals of the sample on an 
aluminium block which has a thermometer inserted.  Use a hot plate 
to heat the block slowly. Watch the crystals carefully and note the 
temperature at which they begin to melt and the temperature at which 
they have all melted. Compare this value with the value found on the 
bottle of pure substance. Another method of checking the melting point of 
crystals is to use a narrow capillary tube in an oil bath. The capillary tube 
has one end open and the other end sealed. The open end is pressed 
into fi ne crystals of the substance and the turned upside down and 

Beaker containing benzoic acid dissolved in 
minimum amount of boiling water

Filter funnel with fluted filter paper to 
speed up the filtrarion process. Insoluble 
impurities left behind as residue

Conical flask with hot concentrated 
benzoic acid solution which still contains 
soluble impurities

Fig.1  Filtration to remove insoluble impurities

Pure benzoic acid cystals

Büchner funnel

Büchner flask

Water containing soluble impurities

Fig.2  After cooling, the remaining solution is fi ltered off

Thermometer

Benzoic acid crystals

Aluminium block

Bunsen burner

Fig.1  Finding the melting 
point of benzoic acid

Percentage yield =  x 100

You can fi nd out more about the work of   
GlaxoSmithKline at www.gsk.com, 
www.gsk.com/worldwide/ie.htm or at www.sta.ie

Syllabus Reference

Leaving Certifi cate Chemistry 
Unit 7.2 – Planar Carbon compounds 

Junior Certifi cate Science
Section 2A7 – Water and solutions 

Learning Objectives

On completing this section, the student will be able to:

 • Recognise the importance of the recrystallisation process 

 • Understand the principles behind recrystallisation

 • Calculate the percentage yield of a sample after recrystallisation

 • Outline the role of recrystallisation in industry

 • Measure the melting point of crystals using the outlined procedure

 • Identify crystals using melting point data from tables.

General Learning Points

•  Different separation techniques are used depending on nature of 
solutes and solvents.

• Filtration can be used to separate insoluble solids from solvents.

• Evaporation is used to separate soluble solids form solvents.

•  Recrystallisation is used to separate soluble solutes from a mixture of 
them in solution. 

•  Benzoic acid is used as a microbial agent in toothpastes,    
mouthwashes, cosmetics and deodorants. 

•  Melting points are calculated to identify substances and to verify 
purity of samples.

•  Recrystallisation is widely used in the pharmaceutical industry to 
control physical properties, yield and purity of Active Pharmaceutical 
Ingredients. 

•  When choosing what solvent to use, remember more-polar   
compounds require polar solvents, where less-polar compounds 
require less polar solvents. 

Practical Activities

Mandatory Experiment – Leaving Certifi cate

Recrystallisation of benzoic acid and determination of its melting point.

Boil about 100 cm3 deionised water in a suitable beaker and at the same 
time place a conical fl ask with about the same volume of boiling water 
on a hot plate. Into the neck of this conical fl ask place a fl uted fi lter paper 
and wet the fi lter paper with boiling water. The boiling water in the conical 
keeps everything warm and stops premature recrystallisation.

Dissolve 1 gram of impure benzoic acid in the minimum amount of boiling 
water and leave it on the hot plate. Empty the boiling water from the conical 
fl ask and replace the fl ask on the hot plate. Immediately fi lter the benzoic 
acid solution into the conical fl ask in small amounts. If any crystals form on 
the paper use tiny amounts of boiling water to dissolve them. This process 
will have removed all the insoluble impurities from the benzoic acid. 

The fi ltrate is then poured into a warm beaker and the water gently 
evaporated until traces of crystals begin to appear on the side of the 
beaker. At this point you have a hot saturated solution of benzoic acid 
so when the solution is cooled, crystals of benzoic acid will come out 
of solution. Cool the solution by placing the beaker in an ice bath – the 
lower the temperature the more benzoic acid will come out of solution and 
the greater your yield will be. If the crystals don’t form immediately they 
can be encouraged by scraping the inside of the fl ask with a glass rod. 
Remember that in any purifi cation process you are going to lose some of 
the substance you want. Filter off these crystals using vacuum fi ltration 
if possible. Any soluble impurities that are in the solution will still be fully 
soluble in the cold water and so they will pass through the fi lter paper. 
Finally wash the crystals using tiny amounts of ice cold water to remove 
the last traces of the impurities from their surface. The fact that the water 
is ice cold means that it will dissolve the minimum amount of benzoic acid. 
Dry the crystals on a fi lter paper. Weigh the crystals and calculate your 
percentage yield. 

Biographical Notes

Louis Pasteur 1822 – 1895 
Although best known for his work in microbiology and immunology, Louis 
Pasteur was also in the forefront of the development of crystallography. 
While studying the shapes of organic crystals, he was aiming to crystallise 
a number of different compounds. Starting with tartaric acid, which is 
found in the sediments of fermenting wine, Pasteur discovered crystals 
of a similar compound – paratartaric acid. Upon further investigation he 
found that these had exactly the same composition as normal tartaric 
acid, but acted differently in solution. Further investigation showed that the 
crystals of the two substances were mirror images of each other, giving 
them somewhat different chemical properties. This discovery marked the 
beginning of a new branch of chemistry – stereochemistry. 

Kathleen Londsdale 1903 – 1971
Born in Newbridge, Co. Kildare, Kathleen Lonsdale moved to England at 
the early age of fi ve. She later went on to study mathematics and physics, 
graduating in 1922. She began her work in X-ray crystallography and 
perhaps her most recognised discovery was the determination of the 
structures of hexamethylbenzene and hexachlorobenzene; she proved 
that the carbon atoms in the benzene ring are fl at, with all carbon-carbon 
angles and bond lengths identical. 

Lonsdale became a Quaker in 1935. As such, she was a committed pacifi st 
and served time in Holloway prison during the Second World War because 
she refused to register for civil defence duties or pay a fi ne for refusing to 
register. In 1949, she became Professor of Chemistry (the fi rst woman 
professor there) and the head of the Department of Crystallography at 
University College, London, a position she held for twenty years.

Read more about other famous scientists at www.sta.ie

Did You Know?

•  Recrystallisation is the most common method of purifying solid 
organic compounds.

•  The process by which crystals start to grow during recrystallisation is 
called ‘nucleation’.

•  In 1887 Henry Clifton Sorby coined the term recrystallisation after 
studying elongated grains of deformed iron and noted the change in 
structure upon heating. 

•  A crystal is a highly ordered assembly of molecules, extending in 
three spatial dimensions. 

•  The presence of impurities normally lowers the melting point of a 
crystal as impurities ‘defect’ the crystal lattice and therefore reduce 
the energy (in the form of heat) required to break the lattice bonds. 

•  John K. Smith opened his fi rst drugstore in Philadelphia. His younger 
brother, George, joined him in 1841 and formed John. K. Smith & Co. 

•  In 1859 Beecham opens the world’s fi rst factory to be built solely for 
making medicines – at St Helens in England. 

True or False

Indicate whether the following are true (T) or false (F) by 
drawing a circle around T or F.

(a)  Separation is used to separate two insoluble solids. T  F

(b)  Recrystallisation is a purifying technique.  T  F

(c)  An impure substance has a fi xed melting point.  T  F

(d)   Organic substances tend to be less soluble in a hot solvent 
than in a cold solvent.  T  F

(e)   A range of 1 °C in melting point of a substance indicates a
pure substance. T  F

(f)  Benzoic acid is an ionic crystal due to its high melting point. T  F

(g)   Polymorphs are substances with similar molecular              
composition but varying crystal structure. T  F

(h)   A saturated solution is one which contains more 
   solvent than solute.   T  F

(i)   The percentage yield is the mass of the pure sample divided 
by the mass of the initial sample. T  F

(j)  Recrystallisation is used to produce crystals of specifi c size 
and shape. T  F

Check your answers to these questions on www.sta.ie

Examination Questions   

Leaving Certifi cate Higher Level 2004 

A sample of impure benzoic acid was recrystallised as follows: 2.5 g of 
the impure benzoic acid was weighed out and dissolved in the minimum 
amount of hot water. The hot solution was fi ltered and the fi ltrate was 
allowed to cool and recrystallise. The recrystallised benzoic acid was then 
isolated by fi ltration. After drying, 2.25 g of purifi ed acid were obtained. 

(i)  Why is important to use the minimum amount of hot water 
in the procedure?

(ii)  Indicate clearly the stage of the recrystallisation procedure at 
which insoluble impurities were removed and how their removal 
was achieved. Indicate also the stage at which soluble impurities 
were removed and how their removal was achieved.

(iii)  How could you have ensured that the recrystallisation 
was complete?

(iv)  How could the crystals have been dried?

(v)  What was the percentage yield of the purifi ed benzoic acid?

Melting points of samples of the impure and recrystallised benzoic acid 
were taken and compared.

(i)  Describe with the aid of a labelled diagram how you would have 
measured the melting point of one of these samples.

(ii)  Give two ways in which you would expect the melting point of the 
impure benzoic acid to differ from that of the purifi ed acid.

 (iii) State one of the uses of benzoic acids and its salts.

For further examples of past paper questions 
check www.sta.ie

Revise the Terms

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful aid for recall and retention.

Filtration; evaporation; chromatography; recrystallisation; 
purifi cation; solvent; solute; benzoic acid; anti-microbial agent; 
organic; melting point; API – active pharmaceutical ingredient; 
polymorphs; percentage yield.

Check the Glossary of Terms for this lesson at www.sta.ie
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GlaxoSmithKline is a leading research-based pharmaceutical 
company committed to excellence and innovation.  We are 
the second largest life science company in the world and have 
a leadership position in four major therapeutic areas – anti-
infectives, gastrointestinal/metabolic, respiratory and central 
nervous system. 

The source of our competitive advantage is the energy and 
commitment of our employees.  Our mission is to improve the 
quality of human life to enable people to do more, feel better and 
to live longer.

World-wide we employ over 110,000 people and have 80 
manufacturing sites in 37 countries.  At our Cork Site in 
Currabinny, which was established in 1975, we manufacture 
the active ingredients of medical compounds. Our Currabinny 
facility employs over 500 people, many of whom are engaged 
in development chemistry, analytical and quality chemistry and 
chemical and process engineering.  

The Cork facility is a strategic global new product introduction 
site within GSK’s manufacturing network.  We have a highly 
automated manufacturing facility, as well as an R&D Pilot Plant 
with Pilot Plant Laboratories on site. 

We are currently the primary production site for a number of 
GSK’s top selling drugs which treat illnesses such as depression, 
Type 2 Diabetes, Congestive Heart Failure, Ulcers, HIV, Ovarian 
Cancer, Breast Cancer, Parkinson’s Disease and Arthritis. 

GlaxoSmithKline also has a manufacturing and R&D facility in 
Dungarvan, Co. Waterford and sales and marketing functions in 
Dublin.  GSK currently employs over 1,400 in Ireland.
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tapped sharply against the 
desk causing the crystals to 
fall to the sealed end. When 
about 3 mm of crystals are 
in the base of the tube it is 
placed in the oil bath. The 
temperature at which the 
sample begins to melt and 
the temperature at which 
it is completely melted are 
recorded. 

To double check your 
result, mix a sample of 
benzoic acid with some 
pure benzoic acid.  If both 
are pure benzoic acid the 
melting point will remain 
the same but if the sample 
is not pure benzoic acid 
then the melting point will 
be lowered.

How do I know I have a pure substance?
The melting point of a substance is not the exact point at which it melts 
but rather the range of temperatures from when the samples starts to melt 
until it has completely melted. The greater the range the more impurities 
present. A range of less than 1 °C indicates a pure substance. 

How is crystallisation used in industry?
The use of crystallisation in the pharmaceutical industry is an important 
process for controlling the physical properties, yield and purity of an 
Active Pharmaceutical Ingredient (API). Many production processes 
use crystallisation in the fi nal stage of manufacture to achieve these 
targets. Recent advances in crystallisation process monitoring allow for 
a better understanding of the process. These advances allow crystals 
with specifi c physical properties, for example particle size and shape, 
to be created.  It is possible to produce crystals of varying particle size, 
shape and form polymorphs of the same substance, but only one will be 
suitable for drug development and manufacture. 

In industry, the way an API is fi ltered and dried can have a very signifi cant 
impact on the physical properties of the material.

Calculating the percentage yield
After the crystallisation process the amount of sample will have been 
reduced as impurities have been removed. To calculate how much of the 
pure substance was present in the initial impure sample, the percentage 
yield is calculated. 

  Mass of pure sample (after recrystallisation) 
 Mass of impure sample (before recrystallisation) 

The percentage yield is a good indicator of the purity of the initial 
sample. A high percentage yield implies a low concentration of 
impurities, whereas a low percentage yield indicates a sample with a 
lot of impurities. 

Producing pure substances is a very important process, 
especially in the pharmaceutical industry. Separating 
insoluble solids from solvents is easily achieved using a 
simple technique called fi ltration. Soluble solids again 
are easily separated from solvents by evaporation, and 
chromatography is used to separate a mixture of liquids.  But 
what happens when we have two soluble solids that we want 
to separate? In this lesson we will look at recrystallisation, a 
commonly-used process in the pharmaceutical industry.  

What is recrystallisation?
Recrystallisation is a very important purifi cation technique, purifying 
substances by removing unwanted by-products. It is also used 
to manufacture the correct crystal size and shape of a material. 
These factors can have a very signifi cant impact on how a 
medicine acts when taken by a patient. The same principles and 
techniques of recrystallisation can be applied both on a laboratory and 
industry scale. 

What are the principles behind 
recrystallisation?
The process depends on two principles; the fact that substances tend 
to be more soluble in a hot solvent than in cold solvent, and that each 
solute tends to behave as though it were alone in the solvent.  

How do I know what solvent to use?
Using the correct solvent is a very important part of the process. The 
solute must be insoluble in the solvent at room temperature, and as the 
temperature of the solvent increases, the solubility of the solute also 
increases. It is also important that the impurities present are soluble in 
the solvent at room temperature and insoluble at higher temperatures.  

An excellent substance for showing this process is benzoic acid 
(C6H5COOH). A molecular crystal rather than an ionic crystal, shown 
by its low melting point of 122 °C, benzoic acid is used as an anti-
microbial agent and is found in toothpastes, mouthwashes, cosmetics 
and deodorants.

Impure benzoic acid contains the impurities phthalic acid and 
benzylbenzoate. If the impure sample is dissolved in a minimal volume of 
hot solvent – in this case boiling water – and fi ltered to remove insoluble 
impurities, the resulting solution will contain dissolved benzoic acid as 
well as dissolved impurities. 

Upon cooling, the benzoic acid crystals comes out of solution as its 
solubiluty in the solvent decreases. The impurities will remain in solution 
and can be fi ltered off. 

It is very important when carrying out this experiment that rubber gloves 
are worn, because organic substances can be absorbed through the 
skin, and as well, goggles should be worn to protect your eyes from hot 
liquids which may spray out from the fl ask.

to be created.  It is possible to produce crystals of varying particle size, 
polymorphs
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targets. Recent advances in crystallisation process monitoring allow for 
a better understanding of the process. These advances allow crystals 
with specifi c physical properties, for example particle size and shape, 
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How can we check the purity of 
our substance?
A pure substance has a fi xed melting point while an impure substance 
melts over a wide range of temperatures and at a lower temperature 
than the pure substance. The melting points of almost all substances 
are available in tables.

To check the melting point place a few crystals of the sample on an 
aluminium block which has a thermometer inserted.  Use a hot plate 
to heat the block slowly. Watch the crystals carefully and note the 
temperature at which they begin to melt and the temperature at which 
they have all melted. Compare this value with the value found on the 
bottle of pure substance. Another method of checking the melting point of 
crystals is to use a narrow capillary tube in an oil bath. The capillary tube 
has one end open and the other end sealed. The open end is pressed 
into fi ne crystals of the substance and the turned upside down and 

Beaker containing benzoic acid dissolved in 
minimum amount of boiling water

Filter funnel with fluted filter paper to 
speed up the filtrarion process. Insoluble 
impurities left behind as residue

Conical flask with hot concentrated 
benzoic acid solution which still contains 
soluble impurities

Fig.1  Filtration to remove insoluble impurities

Pure benzoic acid cystals

Büchner funnel

Büchner flask

Water containing soluble impurities

Fig.2  After cooling, the remaining solution is fi ltered off

Thermometer

Benzoic acid crystals

Aluminium block

Bunsen burner

Fig.1  Finding the melting 
point of benzoic acid

Percentage yield =  x 100

You can fi nd out more about the work of   
GlaxoSmithKline at www.gsk.com, 
www.gsk.com/worldwide/ie.htm or at www.sta.ie

Syllabus Reference

Junior Certifi cate Technology

Electric Circuits
Use of instruments to test continuity, to measure current, voltage, 
resistance
Simple circuits incorporating a range of simple devices e.g. bulbs, 

buzzers, switches

Electronic Systems
Input sensors to include switches, light, sound, heat etc.
Process units to include decision making (digital logic), amplifi cation, 
switching, time delay

Output to include light, sound, heat, motion

Robotics
The extension of electronic and pneumatic systems to include memory in 
the process stage leading to controlled motion at the output. Use of the 
computer to provide control.

Learning Objectives

Having completed this lesson the student should be able to:

• Understand what sensors are

• Explain what a voltage divider is and how to calculate its output voltage

•  Understand how a basic voltage divider can be modifi ed to make 
a sensor

• Describe the structure of a temperature sensor or a light sensor

•  Give some examples of transducers and explain how transducers differ 
from voltage dividers

• Describe the basic operation of a mote-based ad hoc network

• Suggest new potential uses for motes.

General Learning Points

• Simple sensors are easily constructed using just two components.

•  The output from a sensor can be inverted by swapping R1 and R2 (the 
LDR, thermistor etc.). 

•  The output voltage is measured across R2. This ensures that 
all voltages are measured relative to the zero volt line of the 
power supply.

•  Transducers can be used as sensor elements. They differ from 
potential dividers in that they do not need to be powered (by a battery 
or other voltage source); they can generate a voltage by converting 
some form of energy (such as sound, light or mechanical work) into 
electrical energy.

•  Motes are based on small low-cost, single-chip computers, have their 
own built-in operating systems and are able to communicate wirelessly 
with other motes that are within range. 

Practical Activities

Simple voltage divider

Make up a simple circuit with a battery, crocodile clips and two identical 
resistors in series (e.g. 1000 ohms each). Measure the voltage across the 
pair and then the voltage across each one. The battery voltage should be 
divided evenly across the resistors.

Another voltage divider

Repeat the above activity but with two unequal resistors. Label the 
resistors R1 and R2. Confi rm that the voltage across R2 is equal to (V x 
R2)/(R1+R2).

A simple sensor

Repeat the above activity but replace R2 with a light dependent resistor 
(LDR). Attach a voltmeter across the LDR. Note how the voltage varies 
from near zero (in bright conditions) to near the battery voltage (when 
the LDR is in the dark or well covered). Reverse the battery (or swap the 
positions or R1 and the LDR) and monitor the voltage across R1. In what 
way is this arrangement better?

True or False

Indicate whether the following are true (T) or false (F) by 
drawing a circle around T or F.

(a)  A temperature sensor produces heat. T  F

(b)   An LDR is a resistor whose resistance depends on how brightly 
it is illuminated.  T  F

(c)  Remote monitoring is not necessarily wireless.  T  F

(d)  A microphone measures sound. T  F

(e)   A voltage divider splits a voltage in the same ratio as the 
resistors of which it is composed.  T  F

(f)  A bimetallic strip conducts electricity only when it is cold. T  F

(g)  Air expands when heated but metals do not. T  F

(h)  An ad hoc network is a network that is connected to the Internet. T  F

(i)  A mote contains a single-chip computer. T  F

(j)  A transducer is the same thing as a sensor. T  F

(k)  Motes were invented by Newton. T  F

(l)   Motes are used in the Botanic Gardens to ensure that the 
pressure in the glass houses remains constant. T  F

Check your answers to these questions on www.sta.ie

Examination Questions   

Junior Certifi cate 2005, Technology - Higher
Section B, Question 2
(concerning the design and function of two different potential dividers)
Section C, Question 4
(concerning robotics, remote control, sensor feedback in relation to the 
Mars Lander)

Junior Certifi cate 2004, Technology - Higher
A student is required to produce a circuit which will turn on a water pump 
when low water levels are detected by a sensor.
 The components listed below are available to construct the circuit.

LED Sensor Transistor, Resistor 2K2, Resistor 330R, Motor (pump), 
Variable resistor, 9V battery

1.  Using the sensor and the variable resistor, sketch the circuit diagram for 
the potential divider required in this circuit.

2. Name and explain your choice of material for the sensor.
3. Explain why a variable resistor is used in the potential divider.
4.  Indicate clearly which pins on the variable resistor should be used in 

the potential divider.

Junior Certifi cate 2001, Technology - Higher
Section B, Question 2
(concerning the design and operation of a temperature alarm: an 
incomplete circuit diagram was given and students were expected to 
complete it and explain how it functioned.)

2001 Junior Certifi cate Technology Higher Level
The sketch shows a circuit for a high temperature alarm. 
(i) Identify the components ‘X’ any ‘Y’
 State the purpose of component ‘Y’ in the circuit.

•  Motes can automatically set up an ad hoc wireless communication 
network with other motes that are within range (10–100 m, depending 
on the type of mote used).

•  A mote-based environmental monitoring system is in operation in 
the Botanic Gardens, Dublin. The data is accessible on an associated 
website.

S1

Z

+9 V

Y

R

0 V

X

 Why is a transistor used in this circuit?
 How can the cathode of the LED be correctly identifi ed?

(ii)  If the maximum permitted current for the LED is 0.02 A, show how to 
calculate the value of the resistor ‘R’ required for the circuit.

 Which of the following values should be used for resistor ‘R’?
  270 Ω, 330 Ω, 390 Ω, 470 Ω, 560 Ω,
  The fourth band in a resistor is either silver or gold. What does the 

colour of this band indicate?

(iii)  Name and sketch the symbol for the component which should be 
located at ‘Z’. 

For further examples of past paper questions 
check www.sta.ie

Did You Know?

•  The invention of the battery by Alessandro Volta in 1800 provided 
curious experimenters with a source of steady electric current 
whose properties they explored. During the 19th century much of the 
basic theory of electricity was developed and many applications of 
electricity were invented: electromagnet (1820), electric motor (1821), 
theory of electricity generation (1831), electric light (1878), fi rst power 
station (1879), fi rst hydroelectric power station (1882), fi rst alternating 
current generator (1888), electricity distribution system (1893), electric 
vacuum cleaner and washing machine (1903). All these devices are 
classed as electric.

•  The invention of the diode in 1904 could be described as the beginning 
of electronics. Unlike wires, electric lights and electromagnets, 
diodes conducts electricity in one direction only and their operation 
cannot be adequately explained except in terms of electrons. Another 
development along the same lines, the triode, enables weak signals 
to be amplifi ed. These vacuum tube diodes and triodes (or ‘valves’ as 
they were called) were the building blocks of electronics for about fi fty 
years.

•  Solid-state semiconductor devices began to replace valves in the 
1950s—crystal diodes at fi rst and transistors some years later. In the 
1960s the fi rst integrated circuits came on the market and in 1972 the 
fi rst commercial microprocessor chip was released.

•  Although the distinction between electric and electronic devices is not 
sharp, the word electronic is nowadays usually reserved for devices 
whose operation depends on solid-state semiconductors. On this 
basis an ordinary electric lamp is ‘electric’ but it could be argued that 
a CFL lamp is ‘electronic’.

•  Transistors are the active components in many ‘transistorised’ devices 
such as radios, tape recorders, etc. Increasingly they are integrated 
into more complex ‘chips’. The transistor is the solid state successor 
to the triode valve and following its invention it gradually replaced the 
vacuum tube in most applications. The invention is usually attributed 
to William Shockley, John Bardeen and Walter Brattain who in 1947 
produced the fi rst practical transistor device. However similar devices 
had been described in 1928 and 1934 but it seems that they were not 
manufactured. In contrast to the triode, the transistor is a solid device 
and its invention marked the beginning of solid-state physics.Today 
transistors are the basic subunits in most integrated circuits (ICs or 
‘chips’) including microprocessors.

Revise the Terms

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful aid for recall and retention.

Electricity; electric circuit; current; voltage; battery; switch; 
automatic; sensor; component; thermostat; bimetallic strip; 
temperature; pressure; humidity; potential divider; in series; 
resistor; resistance; electronic; thermistor; LDR; calibrate; speaker; 
microphone; electric motor; electric generator; transducer; volt; 
millivolt; computer; operating system; computer network; ad hoc 
network; mote; wireless communication; pH probe; chemical 
sensor

Check the Glossary of Terms for this lesson at www.sta.ie
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