
(vi)  Where very dilute solutions are being used, the concentrations 
can be expressed in parts per million (p.p.m.). It is the equivalent of 
1 mg of solute diluted in 1 litre of solution (mg/L), where the solvent 
is water. Hardness and pollutants in water are measured in p.p.m. as 
is the level of dissolved oxygen in water. 

Volumetric analysis is a branch of quantitative analysis that 
involves reacting measured volumes of solutions and the use 
of these volumes to calculate concentrations. Volumetric 
fl asks are used to make up accurate volumes of solutions to 
ensure accurate concentrations, while burettes and pipettes 
are used to dispense accurate volumes of these liquids.  The 
areas of the apparatus where the volumes are measured are 
narrow to ensure they are accurate. It is important to be able 
to read volumes with accuracy to 0.1cm3. Although cm3 is 
used in calculations, a millilitre (ml) is also a common unit 
used for measuring volumes of liquids. Millilitres (ml) are 
more commonly used in industry. 

What volume has been used in the burette below?

Qualitative analysis tells us what substances are present. 
Qantitative analysis tells us how much of the substance is present.

Quantitative analysis is a very important analytical technique, and is 
used daily in quality control laboratories in pharmaceutical companies 
such as Wyeth.

What is a solution?
A solution is a substance made up of a solute and a solvent. A solute is 
normally a soluble solid whereas a solvent is the liquid used to dissolve it 
– most commonly, water. Solutes and solvents can be broadly described 
as polar or non-polar. Water is a polar solvent and typically dissolves 
polar solutes. Alcohol and ethyl benzene are examples of solvents used 
for non-polar solutes.

If a solution contains a large amount of solute relative to the 
amount of solvent it is said to be concentrated. If a solution 
contains only a relatively small amount of solute then it is said to 
be dilute.   In accurate quantitative analysis we need to know the exact 
amounts and concentration of solutions. The concentration of a solution 
is the amount of solute dissolved in a specifi ed amount of solution.  

How do I express concentrations?
There are several ways of expressing the concentration of a solution, all 
of which are commonly used in industry. 

(i) Grams per litre. This is the number of grams of solute per litre of 
solution and is perhaps the simplest measure.

(ii) In chemistry, the concentration (or molarity) of a solution is expressed  
in moles of solute per litre of solution

The symbol for this is mol/L but is usually abbreviated to M.  You will 
often see in your school laboratory chemicals labelled 1 M NaOH or 
1 M HCl. This means there is one mole of each of these substances 
in every litre of solution.  1 M is generally, but not always, regarded 
as dilute. 
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Fig.1   Reading the volume of a liquid, from the bottom of 
the meniscus (except for opaque liquids)

Worked example 1:    How much NaOH would there be in 1 litre of 
1 molar solution?

1 M NaOH = 1 mole of NaOH in 1 litre of solution

MR of NaOH = 40 g/mol  (where MR is the relative molecular 
mass or the relative formula mass 
in the case of non-molecular 
substances)

1 M NaOH = 40 g of NaOH dissolved in 1 litre of solution

 12% Ethanol (C2H5OH)  =  12 g/100 g 
 (density of water = 1 g/cm3)
 (MR C2H5OH = 46 g/mol) = 12 g/100 cm3

 =  120 g/1000 cm3 (÷ 46 g/mol MR of 
ethanol) 

 =  (120 g ÷ 46 g/mol)/1000 cm3  

 =   2.6 mol/1000 cm3

 =   2.6 mol/litre (2.6 M)

Worked example 2:   Express 12% (w/w) of ethanol in terms of molarity

Worked example 3:    Expressing concentrations in p.p.m.

1 mg / litre H2O = 1 mg / 1000 cm3 of H2O
 (density = 1 g/cm3)
 = 1 mg / 1000 g of H2O (1 g = 1000 mg)
 = 1 mg / (1000 x 1000) mg of H2O
 = 1 p.p.m. of H2O

Fig. 2   Outline of indicators and the associated colour changes. 

Indicator Colour 1 Colour 2 Used for

Methyl Orange Acid
Red

Alkali
Yellow

Strong Acid / Weak Base

Phenolphthalein Acid
Red

Alkali
Colourless

Weak Acid – Strong Base

Universal Acid
Red
Orange

Alkali
Blue range

General pH

Litmus Acid
Red

Alkali
Blue

Differentiating acid and base

Eriochrome Black Hardness present 
Wine Red

Hardness 
absent 
Blue

Hardness in water titrations

Starch Iodine present 
Blue/Black

Iodine absent 
Colourless

Iodine titrations

MnO4- Present
Pink

Absent
Colourless

Manganate(VII) titrations

(iii) Percentage concentration

Another method of expressing concentration is as a percentage of 
solute in a solution. However this can sometimes be ambiguous. 
For example, a 10% solution of ethanol in water could mean that 
10% of the volume of solution is ethanol or that 10% of the mass of 
the solution is ethanol. To eliminate this possible source of error 
we use postscripts such as (w/w) or (v/v) to specify what the 
percentage means.

Weight per weight (w/w) uses the percentage mass of solute per 
mass of the solution.  For example a solution labelled 10% (w/w) 
of NaOH would contain 10 g of NaOH per 100 g of solution.  To 
prepare a solution of this concentration you would weigh out 10 g 
of solute, in this case NaOH, and add water until the total is 100 g. 
Note: you get a total of 100 g of solution; you do not add the mass of 
solute to 100 g of solvent.

  Weight per volume (w/v) uses the percentage mass of solute per 
volume of the solution. Therefore a solution labelled 18% (w/v) of 
NaOH would have 18 g of NaOH in 100 cm3 of solution. To prepare 
a solution of this concentration, 18 g of NaOH would be weighed 
into a 100 cm3 volumetric fl ask and the fl ask fi lled to the mark with 
deionised water. The percentage given equates to g/100cm3.

Volume per Volume (v/v) is used where the solute is in liquid form. It 
is the percentage volume of solute per volume of solution. To create 
a solution of concentration 15% (v/v) ethanol, 15 cm3 of ethanol 
would be transferred to a 100cm3 volumetric fl ask and fi lled to the 
mark with deionised water. Most alcohol bottles are labelled in this 
way. For example wine labelled 13% is actually 13% (v/v). Here the 
percentage given equates to cm3/100 cm3.

Volumetric analysis also involves the preparation of standard solutions. 
This is a solution whose concentration is accurately known. In order to 
make a standard solution a primary standard must be used. A primary 
standard is a substance of high purity and stability. It must also dissolve 
easily in a solvent.  Distilled or deionised water may be used as the 
solvent. Some examples of primary standards are anhydrous sodium 
carbonate (Na2CO3), sodium chloride (NaCl), potassium dichromate 
(K2Cr2O7).

A secondary standard solution is one that cannot be made up directly 
from the solid as the purity of the solid cannot be guaranteed or the solid 
is too reactive to guarantee purity.  A solution must fi rst be made up 
and then standardised by titrating it against a primary standard. By this 
means, its concentration can be accurately worked out. Some examples 
of secondary standards are: potassium permanganate (KMnO4) which 
cannot be obtained in suffi cient purity to make a solution of accurate 
concentration; iodine which sublimes and therefore cannot be weighed 
out accurately; sodium hydroxide (NaOH) which absorbs CO2 from 
the atmosphere and sulphuric acid (H2SO4) which is hygroscopic and 
therefore absorbs water from the atmosphere.

Indicators are generally solutions which change colour with pH.  These 
indicators, or titration curves, can be used to get an accurate end point 
for the reaction [i.e. show when the reaction is complete].  The indicator 
used depends on the solutions being reacted. Many indicators are weak 
acids or bases and therefore only small amounts should be added as 
large amounts may affect the result of the titration.

Wyeth – The Search for new Drugs
Wyeth is a global leader in pharmaceutical, consumer healthcare 
products, and animal healthcare products.

Wyeth improves the lives of millions of people around the world 
with its outstanding products. Other innovative medicines are 
currently being developed. With research and development 
(R&D) programmes focused on small molecules, vaccines, and 
biotechnology, Wyeth is exploring more than 60 new therapies 
for medical conditions such as diabetes, breast cancer, multiple 
sclerosis, HIV, Alzheimer’s disease, and schizophrenia.

Wyeth, with headquarters in Philadelphia USA, has major 
manufacturing operations in Ireland and Wyeth currently 
employs approximately 3000 people here in four locations, 

• Wyeth Nutritionals Ireland, Askeaton, County Limerick

• Wyeth Medica Ireland, Newbridge, County Kildare

• Forth Dodge Laboratories Ireland, Sligo

• Wyeth BioPharma Campus, Grange Castle, Dublin

Careers within the pharmaceutical sector cover a broad spectrum, 
ranging from Pharmaceutical Sciences, Quality & Compliance, 
Chemical, Mechanical, Electrical, Computer Engineering, 
Manufacturing, Maintenance, Environmental Health & Safety, 
Human Resources, Finance and Training. 

Due to the nature of the product manufactured, safety and 
quality assurance is paramount, demanding constant vigilance 
and careful control at every step. The Quality Control function 
generally consists of chemistry and micro-lab analysts, who 
monitor products at all stages and ensure every batch is of 
the required standard. Other tests such as tablet dissolution, 
tablet thickness and hardness are also carried out. All these 
tests employ volumetric analysis using standard solutions of 
precise concentration. 

You can discover more about Wyeth and the 
people who work there at www.wyeth.ie and at 
www.sta.ie

Fig. 3    Using phenolphthalein or methyl orange indicator 
solution as an acid – base indicator. 

(vi)  Where very dilute solutions are being used, the concentrations 
can be expressed in parts per million (p.p.m.). It is the equivalent of 
1 mg of solute diluted in 1 litre of solution (mg/L), where the solvent 
is water. Hardness and pollutants in water are measured in p.p.m. as 
is the level of dissolved oxygen in water. 
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Quantitative analysis is a very important analytical technique, and is 
used daily in quality control laboratories in pharmaceutical companies 
such as Wyeth.

What is a solution?
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normally a soluble solid whereas a solvent is the liquid used to dissolve it 
– most commonly, water. Solutes and solvents can be broadly described 
as polar or non-polar. Water is a polar solvent and typically dissolves 
polar solutes. Alcohol and ethyl benzene are examples of solvents used 
for non-polar solutes.

If a solution contains a large amount of solute relative to the 
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be dilute.   In accurate quantitative analysis we need to know the exact 
amounts and concentration of solutions. The concentration of a solution 
is the amount of solute dissolved in a specifi ed amount of solution.  
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There are several ways of expressing the concentration of a solution, all 
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(i) Grams per litre. This is the number of grams of solute per litre of 
solution and is perhaps the simplest measure.

(ii) In chemistry, the concentration (or molarity) of a solution is expressed  
in moles of solute per litre of solution

The symbol for this is mol/L but is usually abbreviated to M.  You will 
often see in your school laboratory chemicals labelled 1 M NaOH or 
1 M HCl. This means there is one mole of each of these substances 
in every litre of solution.  1 M is generally, but not always, regarded 
as dilute. 
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Fig.1   Reading the volume of a liquid, from the bottom of 
the meniscus (except for opaque liquids)

Worked example 1:    How much NaOH would there be in 1 litre of 
1 molar solution?

1 M NaOH = 1 mole of NaOH in 1 litre of solution

MR of NaOH = 40 g/mol  (where MR is the relative molecular 
mass or the relative formula mass 
in the case of non-molecular 
substances)

1 M NaOH = 40 g of NaOH dissolved in 1 litre of solution

 12% Ethanol (C2H5OH)  =  12 g/100 g 
 (density of water = 1 g/cm3)
 (MR C2H5OH = 46 g/mol) = 12 g/100 cm3

 =  120 g/1000 cm3 (÷ 46 g/mol MR of 
ethanol) 

 =  (120 g ÷ 46 g/mol)/1000 cm3  

 =   2.6 mol/1000 cm3

 =   2.6 mol/litre (2.6 M)

Worked example 2:   Express 12% (w/w) of ethanol in terms of molarity

Worked example 3:    Expressing concentrations in p.p.m.

1 mg / litre H2O = 1 mg / 1000 cm3 of H2O
 (density = 1 g/cm3)
 = 1 mg / 1000 g of H2O (1 g = 1000 mg)
 = 1 mg / (1000 x 1000) mg of H2O
 = 1 p.p.m. of H2O
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(iii) Percentage concentration

Another method of expressing concentration is as a percentage of 
solute in a solution. However this can sometimes be ambiguous. 
For example, a 10% solution of ethanol in water could mean that 
10% of the volume of solution is ethanol or that 10% of the mass of 
the solution is ethanol. To eliminate this possible source of error 
we use postscripts such as (w/w) or (v/v) to specify what the 
percentage means.

Weight per weight (w/w) uses the percentage mass of solute per 
mass of the solution.  For example a solution labelled 10% (w/w) 
of NaOH would contain 10 g of NaOH per 100 g of solution.  To 
prepare a solution of this concentration you would weigh out 10 g 
of solute, in this case NaOH, and add water until the total is 100 g. 
Note: you get a total of 100 g of solution; you do not add the mass of 
solute to 100 g of solvent.

  Weight per volume (w/v) uses the percentage mass of solute per 
volume of the solution. Therefore a solution labelled 18% (w/v) of 
NaOH would have 18 g of NaOH in 100 cm3 of solution. To prepare 
a solution of this concentration, 18 g of NaOH would be weighed 
into a 100 cm3 volumetric fl ask and the fl ask fi lled to the mark with 
deionised water. The percentage given equates to g/100cm3.

Volume per Volume (v/v) is used where the solute is in liquid form. It 
is the percentage volume of solute per volume of solution. To create 
a solution of concentration 15% (v/v) ethanol, 15 cm3 of ethanol 
would be transferred to a 100cm3 volumetric fl ask and fi lled to the 
mark with deionised water. Most alcohol bottles are labelled in this 
way. For example wine labelled 13% is actually 13% (v/v). Here the 
percentage given equates to cm3/100 cm3.

Volumetric analysis also involves the preparation of standard solutions. 
This is a solution whose concentration is accurately known. In order to 
make a standard solution a primary standard must be used. A primary 
standard is a substance of high purity and stability. It must also dissolve 
easily in a solvent.  Distilled or deionised water may be used as the 
solvent. Some examples of primary standards are anhydrous sodium 
carbonate (Na2CO3), sodium chloride (NaCl), potassium dichromate 
(K2Cr2O7).

A secondary standard solution is one that cannot be made up directly 
from the solid as the purity of the solid cannot be guaranteed or the solid 
is too reactive to guarantee purity.  A solution must fi rst be made up 
and then standardised by titrating it against a primary standard. By this 
means, its concentration can be accurately worked out. Some examples 
of secondary standards are: potassium permanganate (KMnO4) which 
cannot be obtained in suffi cient purity to make a solution of accurate 
concentration; iodine which sublimes and therefore cannot be weighed 
out accurately; sodium hydroxide (NaOH) which absorbs CO2 from 
the atmosphere and sulphuric acid (H2SO4) which is hygroscopic and 
therefore absorbs water from the atmosphere.

Indicators are generally solutions which change colour with pH.  These 
indicators, or titration curves, can be used to get an accurate end point 
for the reaction [i.e. show when the reaction is complete].  The indicator 
used depends on the solutions being reacted. Many indicators are weak 
acids or bases and therefore only small amounts should be added as 
large amounts may affect the result of the titration.
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products, and animal healthcare products.
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biotechnology, Wyeth is exploring more than 60 new therapies 
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Wyeth, with headquarters in Philadelphia USA, has major 
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Careers within the pharmaceutical sector cover a broad spectrum, 
ranging from Pharmaceutical Sciences, Quality & Compliance, 
Chemical, Mechanical, Electrical, Computer Engineering, 
Manufacturing, Maintenance, Environmental Health & Safety, 
Human Resources, Finance and Training. 

Due to the nature of the product manufactured, safety and 
quality assurance is paramount, demanding constant vigilance 
and careful control at every step. The Quality Control function 
generally consists of chemistry and micro-lab analysts, who 
monitor products at all stages and ensure every batch is of 
the required standard. Other tests such as tablet dissolution, 
tablet thickness and hardness are also carried out. All these 
tests employ volumetric analysis using standard solutions of 
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www.sta.ie

Fig. 3    Using phenolphthalein or methyl orange indicator 
solution as an acid – base indicator. 



(vi)  Where very dilute solutions are being used, the concentrations 
can be expressed in parts per million (p.p.m.). It is the equivalent of 
1 mg of solute diluted in 1 litre of solution (mg/L), where the solvent 
is water. Hardness and pollutants in water are measured in p.p.m. as 
is the level of dissolved oxygen in water. 

Volumetric analysis is a branch of quantitative analysis that 
involves reacting measured volumes of solutions and the use 
of these volumes to calculate concentrations. Volumetric 
fl asks are used to make up accurate volumes of solutions to 
ensure accurate concentrations, while burettes and pipettes 
are used to dispense accurate volumes of these liquids.  The 
areas of the apparatus where the volumes are measured are 
narrow to ensure they are accurate. It is important to be able 
to read volumes with accuracy to 0.1cm3. Although cm3 is 
used in calculations, a millilitre (ml) is also a common unit 
used for measuring volumes of liquids. Millilitres (ml) are 
more commonly used in industry. 

What volume has been used in the burette below?

Qualitative analysis tells us what substances are present. 
Qantitative analysis tells us how much of the substance is present.

Quantitative analysis is a very important analytical technique, and is 
used daily in quality control laboratories in pharmaceutical companies 
such as Wyeth.

What is a solution?
A solution is a substance made up of a solute and a solvent. A solute is 
normally a soluble solid whereas a solvent is the liquid used to dissolve it 
– most commonly, water. Solutes and solvents can be broadly described 
as polar or non-polar. Water is a polar solvent and typically dissolves 
polar solutes. Alcohol and ethyl benzene are examples of solvents used 
for non-polar solutes.

If a solution contains a large amount of solute relative to the 
amount of solvent it is said to be concentrated. If a solution 
contains only a relatively small amount of solute then it is said to 
be dilute.   In accurate quantitative analysis we need to know the exact 
amounts and concentration of solutions. The concentration of a solution 
is the amount of solute dissolved in a specifi ed amount of solution.  

How do I express concentrations?
There are several ways of expressing the concentration of a solution, all 
of which are commonly used in industry. 

(i) Grams per litre. This is the number of grams of solute per litre of 
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Worked example 1:    How much NaOH would there be in 1 litre of 
1 molar solution?
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MR of NaOH = 40 g/mol  (where MR is the relative molecular 
mass or the relative formula mass 
in the case of non-molecular 
substances)
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 (density of water = 1 g/cm3)
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Another method of expressing concentration is as a percentage of 
solute in a solution. However this can sometimes be ambiguous. 
For example, a 10% solution of ethanol in water could mean that 
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mark with deionised water. Most alcohol bottles are labelled in this 
way. For example wine labelled 13% is actually 13% (v/v). Here the 
percentage given equates to cm3/100 cm3.

Volumetric analysis also involves the preparation of standard solutions. 
This is a solution whose concentration is accurately known. In order to 
make a standard solution a primary standard must be used. A primary 
standard is a substance of high purity and stability. It must also dissolve 
easily in a solvent.  Distilled or deionised water may be used as the 
solvent. Some examples of primary standards are anhydrous sodium 
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from the solid as the purity of the solid cannot be guaranteed or the solid 
is too reactive to guarantee purity.  A solution must fi rst be made up 
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means, its concentration can be accurately worked out. Some examples 
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cannot be obtained in suffi cient purity to make a solution of accurate 
concentration; iodine which sublimes and therefore cannot be weighed 
out accurately; sodium hydroxide (NaOH) which absorbs CO2 from 
the atmosphere and sulphuric acid (H2SO4) which is hygroscopic and 
therefore absorbs water from the atmosphere.
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used depends on the solutions being reacted. Many indicators are weak 
acids or bases and therefore only small amounts should be added as 
large amounts may affect the result of the titration.
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solution as an acid – base indicator. 

(vi)  Where very dilute solutions are being used, the concentrations 
can be expressed in parts per million (p.p.m.). It is the equivalent of 
1 mg of solute diluted in 1 litre of solution (mg/L), where the solvent 
is water. Hardness and pollutants in water are measured in p.p.m. as 
is the level of dissolved oxygen in water. 

Volumetric analysis is a branch of quantitative analysis that 
involves reacting measured volumes of solutions and the use 
of these volumes to calculate concentrations. Volumetric 
fl asks are used to make up accurate volumes of solutions to 
ensure accurate concentrations, while burettes and pipettes 
are used to dispense accurate volumes of these liquids.  The 
areas of the apparatus where the volumes are measured are 
narrow to ensure they are accurate. It is important to be able 
to read volumes with accuracy to 0.1cm3. Although cm3 is 
used in calculations, a millilitre (ml) is also a common unit 
used for measuring volumes of liquids. Millilitres (ml) are 
more commonly used in industry. 

What volume has been used in the burette below?

Qualitative analysis tells us what substances are present. 
Qantitative analysis tells us how much of the substance is present.

Quantitative analysis is a very important analytical technique, and is 
used daily in quality control laboratories in pharmaceutical companies 
such as Wyeth.

What is a solution?
A solution is a substance made up of a solute and a solvent. A solute is 
normally a soluble solid whereas a solvent is the liquid used to dissolve it 
– most commonly, water. Solutes and solvents can be broadly described 
as polar or non-polar. Water is a polar solvent and typically dissolves 
polar solutes. Alcohol and ethyl benzene are examples of solvents used 
for non-polar solutes.

If a solution contains a large amount of solute relative to the 
amount of solvent it is said to be concentrated. If a solution 
contains only a relatively small amount of solute then it is said to 
be dilute.   In accurate quantitative analysis we need to know the exact 
amounts and concentration of solutions. The concentration of a solution 
is the amount of solute dissolved in a specifi ed amount of solution.  

How do I express concentrations?
There are several ways of expressing the concentration of a solution, all 
of which are commonly used in industry. 

(i) Grams per litre. This is the number of grams of solute per litre of 
solution and is perhaps the simplest measure.

(ii) In chemistry, the concentration (or molarity) of a solution is expressed  
in moles of solute per litre of solution

The symbol for this is mol/L but is usually abbreviated to M.  You will 
often see in your school laboratory chemicals labelled 1 M NaOH or 
1 M HCl. This means there is one mole of each of these substances 
in every litre of solution.  1 M is generally, but not always, regarded 
as dilute. 
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Fig.1   Reading the volume of a liquid, from the bottom of 
the meniscus (except for opaque liquids)

Worked example 1:    How much NaOH would there be in 1 litre of 
1 molar solution?

1 M NaOH = 1 mole of NaOH in 1 litre of solution

MR of NaOH = 40 g/mol  (where MR is the relative molecular 
mass or the relative formula mass 
in the case of non-molecular 
substances)

1 M NaOH = 40 g of NaOH dissolved in 1 litre of solution

 12% Ethanol (C2H5OH)  =  12 g/100 g 
 (density of water = 1 g/cm3)
 (MR C2H5OH = 46 g/mol) = 12 g/100 cm3

 =  120 g/1000 cm3 (÷ 46 g/mol MR of 
ethanol) 

 =  (120 g ÷ 46 g/mol)/1000 cm3  

 =   2.6 mol/1000 cm3

 =   2.6 mol/litre (2.6 M)

Worked example 2:   Express 12% (w/w) of ethanol in terms of molarity

Worked example 3:    Expressing concentrations in p.p.m.

1 mg / litre H2O = 1 mg / 1000 cm3 of H2O
 (density = 1 g/cm3)
 = 1 mg / 1000 g of H2O (1 g = 1000 mg)
 = 1 mg / (1000 x 1000) mg of H2O
 = 1 p.p.m. of H2O

Fig. 2   Outline of indicators and the associated colour changes. 

Indicator Colour 1 Colour 2 Used for

Methyl Orange Acid
Red

Alkali
Yellow

Strong Acid / Weak Base

Phenolphthalein Acid
Red

Alkali
Colourless

Weak Acid – Strong Base

Universal Acid
Red
Orange

Alkali
Blue range

General pH

Litmus Acid
Red

Alkali
Blue

Differentiating acid and base

Eriochrome Black Hardness present 
Wine Red

Hardness 
absent 
Blue

Hardness in water titrations

Starch Iodine present 
Blue/Black

Iodine absent 
Colourless

Iodine titrations

MnO4- Present
Pink

Absent
Colourless

Manganate(VII) titrations

(iii) Percentage concentration

Another method of expressing concentration is as a percentage of 
solute in a solution. However this can sometimes be ambiguous. 
For example, a 10% solution of ethanol in water could mean that 
10% of the volume of solution is ethanol or that 10% of the mass of 
the solution is ethanol. To eliminate this possible source of error 
we use postscripts such as (w/w) or (v/v) to specify what the 
percentage means.

Weight per weight (w/w) uses the percentage mass of solute per 
mass of the solution.  For example a solution labelled 10% (w/w) 
of NaOH would contain 10 g of NaOH per 100 g of solution.  To 
prepare a solution of this concentration you would weigh out 10 g 
of solute, in this case NaOH, and add water until the total is 100 g. 
Note: you get a total of 100 g of solution; you do not add the mass of 
solute to 100 g of solvent.

  Weight per volume (w/v) uses the percentage mass of solute per 
volume of the solution. Therefore a solution labelled 18% (w/v) of 
NaOH would have 18 g of NaOH in 100 cm3 of solution. To prepare 
a solution of this concentration, 18 g of NaOH would be weighed 
into a 100 cm3 volumetric fl ask and the fl ask fi lled to the mark with 
deionised water. The percentage given equates to g/100cm3.

Volume per Volume (v/v) is used where the solute is in liquid form. It 
is the percentage volume of solute per volume of solution. To create 
a solution of concentration 15% (v/v) ethanol, 15 cm3 of ethanol 
would be transferred to a 100cm3 volumetric fl ask and fi lled to the 
mark with deionised water. Most alcohol bottles are labelled in this 
way. For example wine labelled 13% is actually 13% (v/v). Here the 
percentage given equates to cm3/100 cm3.

Volumetric analysis also involves the preparation of standard solutions. 
This is a solution whose concentration is accurately known. In order to 
make a standard solution a primary standard must be used. A primary 
standard is a substance of high purity and stability. It must also dissolve 
easily in a solvent.  Distilled or deionised water may be used as the 
solvent. Some examples of primary standards are anhydrous sodium 
carbonate (Na2CO3), sodium chloride (NaCl), potassium dichromate 
(K2Cr2O7).

A secondary standard solution is one that cannot be made up directly 
from the solid as the purity of the solid cannot be guaranteed or the solid 
is too reactive to guarantee purity.  A solution must fi rst be made up 
and then standardised by titrating it against a primary standard. By this 
means, its concentration can be accurately worked out. Some examples 
of secondary standards are: potassium permanganate (KMnO4) which 
cannot be obtained in suffi cient purity to make a solution of accurate 
concentration; iodine which sublimes and therefore cannot be weighed 
out accurately; sodium hydroxide (NaOH) which absorbs CO2 from 
the atmosphere and sulphuric acid (H2SO4) which is hygroscopic and 
therefore absorbs water from the atmosphere.

Indicators are generally solutions which change colour with pH.  These 
indicators, or titration curves, can be used to get an accurate end point 
for the reaction [i.e. show when the reaction is complete].  The indicator 
used depends on the solutions being reacted. Many indicators are weak 
acids or bases and therefore only small amounts should be added as 
large amounts may affect the result of the titration.

Wyeth – The Search for new Drugs
Wyeth is a global leader in pharmaceutical, consumer healthcare 
products, and animal healthcare products.

Wyeth improves the lives of millions of people around the world 
with its outstanding products. Other innovative medicines are 
currently being developed. With research and development 
(R&D) programmes focused on small molecules, vaccines, and 
biotechnology, Wyeth is exploring more than 60 new therapies 
for medical conditions such as diabetes, breast cancer, multiple 
sclerosis, HIV, Alzheimer’s disease, and schizophrenia.

Wyeth, with headquarters in Philadelphia USA, has major 
manufacturing operations in Ireland and Wyeth currently 
employs approximately 3000 people here in four locations, 

• Wyeth Nutritionals Ireland, Askeaton, County Limerick

• Wyeth Medica Ireland, Newbridge, County Kildare

• Forth Dodge Laboratories Ireland, Sligo

• Wyeth BioPharma Campus, Grange Castle, Dublin

Careers within the pharmaceutical sector cover a broad spectrum, 
ranging from Pharmaceutical Sciences, Quality & Compliance, 
Chemical, Mechanical, Electrical, Computer Engineering, 
Manufacturing, Maintenance, Environmental Health & Safety, 
Human Resources, Finance and Training. 

Due to the nature of the product manufactured, safety and 
quality assurance is paramount, demanding constant vigilance 
and careful control at every step. The Quality Control function 
generally consists of chemistry and micro-lab analysts, who 
monitor products at all stages and ensure every batch is of 
the required standard. Other tests such as tablet dissolution, 
tablet thickness and hardness are also carried out. All these 
tests employ volumetric analysis using standard solutions of 
precise concentration. 

You can discover more about Wyeth and the 
people who work there at www.wyeth.ie and at 
www.sta.ie

Fig. 3    Using phenolphthalein or methyl orange indicator 
solution as an acid – base indicator. 



(vi)  Where very dilute solutions are being used, the concentrations 
can be expressed in parts per million (p.p.m.). It is the equivalent of 
1 mg of solute diluted in 1 litre of solution (mg/L), where the solvent 
is water. Hardness and pollutants in water are measured in p.p.m. as 
is the level of dissolved oxygen in water. 

Volumetric analysis is a branch of quantitative analysis that 
involves reacting measured volumes of solutions and the use 
of these volumes to calculate concentrations. Volumetric 
fl asks are used to make up accurate volumes of solutions to 
ensure accurate concentrations, while burettes and pipettes 
are used to dispense accurate volumes of these liquids.  The 
areas of the apparatus where the volumes are measured are 
narrow to ensure they are accurate. It is important to be able 
to read volumes with accuracy to 0.1cm3. Although cm3 is 
used in calculations, a millilitre (ml) is also a common unit 
used for measuring volumes of liquids. Millilitres (ml) are 
more commonly used in industry. 

What volume has been used in the burette below?

Qualitative analysis tells us what substances are present. 
Qantitative analysis tells us how much of the substance is present.

Quantitative analysis is a very important analytical technique, and is 
used daily in quality control laboratories in pharmaceutical companies 
such as Wyeth.

What is a solution?
A solution is a substance made up of a solute and a solvent. A solute is 
normally a soluble solid whereas a solvent is the liquid used to dissolve it 
– most commonly, water. Solutes and solvents can be broadly described 
as polar or non-polar. Water is a polar solvent and typically dissolves 
polar solutes. Alcohol and ethyl benzene are examples of solvents used 
for non-polar solutes.

If a solution contains a large amount of solute relative to the 
amount of solvent it is said to be concentrated. If a solution 
contains only a relatively small amount of solute then it is said to 
be dilute.   In accurate quantitative analysis we need to know the exact 
amounts and concentration of solutions. The concentration of a solution 
is the amount of solute dissolved in a specifi ed amount of solution.  

How do I express concentrations?
There are several ways of expressing the concentration of a solution, all 
of which are commonly used in industry. 

(i) Grams per litre. This is the number of grams of solute per litre of 
solution and is perhaps the simplest measure.

(ii) In chemistry, the concentration (or molarity) of a solution is expressed  
in moles of solute per litre of solution

The symbol for this is mol/L but is usually abbreviated to M.  You will 
often see in your school laboratory chemicals labelled 1 M NaOH or 
1 M HCl. This means there is one mole of each of these substances 
in every litre of solution.  1 M is generally, but not always, regarded 
as dilute. 
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Fig.1   Reading the volume of a liquid, from the bottom of 
the meniscus (except for opaque liquids)

Worked example 1:    How much NaOH would there be in 1 litre of 
1 molar solution?

1 M NaOH = 1 mole of NaOH in 1 litre of solution

MR of NaOH = 40 g/mol  (where MR is the relative molecular 
mass or the relative formula mass 
in the case of non-molecular 
substances)

1 M NaOH = 40 g of NaOH dissolved in 1 litre of solution

 12% Ethanol (C2H5OH)  =  12 g/100 g 
 (density of water = 1 g/cm3)
 (MR C2H5OH = 46 g/mol) = 12 g/100 cm3

 =  120 g/1000 cm3 (÷ 46 g/mol MR of 
ethanol) 

 =  (120 g ÷ 46 g/mol)/1000 cm3  

 =   2.6 mol/1000 cm3

 =   2.6 mol/litre (2.6 M)

Worked example 2:   Express 12% (w/w) of ethanol in terms of molarity

Worked example 3:    Expressing concentrations in p.p.m.

1 mg / litre H2O = 1 mg / 1000 cm3 of H2O
 (density = 1 g/cm3)
 = 1 mg / 1000 g of H2O (1 g = 1000 mg)
 = 1 mg / (1000 x 1000) mg of H2O
 = 1 p.p.m. of H2O

Fig. 2   Outline of indicators and the associated colour changes. 

Indicator Colour 1 Colour 2 Used for

Methyl Orange Acid
Red

Alkali
Yellow

Strong Acid / Weak Base

Phenolphthalein Acid
Red

Alkali
Colourless

Weak Acid – Strong Base

Universal Acid
Red
Orange

Alkali
Blue range

General pH

Litmus Acid
Red

Alkali
Blue

Differentiating acid and base

Eriochrome Black Hardness present 
Wine Red

Hardness 
absent 
Blue

Hardness in water titrations

Starch Iodine present 
Blue/Black

Iodine absent 
Colourless

Iodine titrations

MnO4- Present
Pink

Absent
Colourless

Manganate(VII) titrations

(iii) Percentage concentration

Another method of expressing concentration is as a percentage of 
solute in a solution. However this can sometimes be ambiguous. 
For example, a 10% solution of ethanol in water could mean that 
10% of the volume of solution is ethanol or that 10% of the mass of 
the solution is ethanol. To eliminate this possible source of error 
we use postscripts such as (w/w) or (v/v) to specify what the 
percentage means.

Weight per weight (w/w) uses the percentage mass of solute per 
mass of the solution.  For example a solution labelled 10% (w/w) 
of NaOH would contain 10 g of NaOH per 100 g of solution.  To 
prepare a solution of this concentration you would weigh out 10 g 
of solute, in this case NaOH, and add water until the total is 100 g. 
Note: you get a total of 100 g of solution; you do not add the mass of 
solute to 100 g of solvent.

  Weight per volume (w/v) uses the percentage mass of solute per 
volume of the solution. Therefore a solution labelled 18% (w/v) of 
NaOH would have 18 g of NaOH in 100 cm3 of solution. To prepare 
a solution of this concentration, 18 g of NaOH would be weighed 
into a 100 cm3 volumetric fl ask and the fl ask fi lled to the mark with 
deionised water. The percentage given equates to g/100cm3.

Volume per Volume (v/v) is used where the solute is in liquid form. It 
is the percentage volume of solute per volume of solution. To create 
a solution of concentration 15% (v/v) ethanol, 15 cm3 of ethanol 
would be transferred to a 100cm3 volumetric fl ask and fi lled to the 
mark with deionised water. Most alcohol bottles are labelled in this 
way. For example wine labelled 13% is actually 13% (v/v). Here the 
percentage given equates to cm3/100 cm3.

Volumetric analysis also involves the preparation of standard solutions. 
This is a solution whose concentration is accurately known. In order to 
make a standard solution a primary standard must be used. A primary 
standard is a substance of high purity and stability. It must also dissolve 
easily in a solvent.  Distilled or deionised water may be used as the 
solvent. Some examples of primary standards are anhydrous sodium 
carbonate (Na2CO3), sodium chloride (NaCl), potassium dichromate 
(K2Cr2O7).

A secondary standard solution is one that cannot be made up directly 
from the solid as the purity of the solid cannot be guaranteed or the solid 
is too reactive to guarantee purity.  A solution must fi rst be made up 
and then standardised by titrating it against a primary standard. By this 
means, its concentration can be accurately worked out. Some examples 
of secondary standards are: potassium permanganate (KMnO4) which 
cannot be obtained in suffi cient purity to make a solution of accurate 
concentration; iodine which sublimes and therefore cannot be weighed 
out accurately; sodium hydroxide (NaOH) which absorbs CO2 from 
the atmosphere and sulphuric acid (H2SO4) which is hygroscopic and 
therefore absorbs water from the atmosphere.

Indicators are generally solutions which change colour with pH.  These 
indicators, or titration curves, can be used to get an accurate end point 
for the reaction [i.e. show when the reaction is complete].  The indicator 
used depends on the solutions being reacted. Many indicators are weak 
acids or bases and therefore only small amounts should be added as 
large amounts may affect the result of the titration.

Wyeth – The Search for new Drugs
Wyeth is a global leader in pharmaceutical, consumer healthcare 
products, and animal healthcare products.

Wyeth improves the lives of millions of people around the world 
with its outstanding products. Other innovative medicines are 
currently being developed. With research and development 
(R&D) programmes focused on small molecules, vaccines, and 
biotechnology, Wyeth is exploring more than 60 new therapies 
for medical conditions such as diabetes, breast cancer, multiple 
sclerosis, HIV, Alzheimer’s disease, and schizophrenia.

Wyeth, with headquarters in Philadelphia USA, has major 
manufacturing operations in Ireland and Wyeth currently 
employs approximately 3000 people here in four locations, 

• Wyeth Nutritionals Ireland, Askeaton, County Limerick

• Wyeth Medica Ireland, Newbridge, County Kildare

• Forth Dodge Laboratories Ireland, Sligo

• Wyeth BioPharma Campus, Grange Castle, Dublin

Careers within the pharmaceutical sector cover a broad spectrum, 
ranging from Pharmaceutical Sciences, Quality & Compliance, 
Chemical, Mechanical, Electrical, Computer Engineering, 
Manufacturing, Maintenance, Environmental Health & Safety, 
Human Resources, Finance and Training. 

Due to the nature of the product manufactured, safety and 
quality assurance is paramount, demanding constant vigilance 
and careful control at every step. The Quality Control function 
generally consists of chemistry and micro-lab analysts, who 
monitor products at all stages and ensure every batch is of 
the required standard. Other tests such as tablet dissolution, 
tablet thickness and hardness are also carried out. All these 
tests employ volumetric analysis using standard solutions of 
precise concentration. 

You can discover more about Wyeth and the 
people who work there at www.wyeth.ie and at 
www.sta.ie

Fig. 3    Using phenolphthalein or methyl orange indicator 
solution as an acid – base indicator. 

Syllabus Reference

Leaving Certifi cate Chemistry 
Unit 4.1 – Concentration and Solutions
Unit 4.3 – Volumetric Analysis 

Junior Certifi cate Chemistry 
Section 2A – Classifi cation of Substances

Examination Questions   

2006 Leaving Certifi cate Higher Level

An experiment was carried out to fi nd the percentage water of 
crystallisation and the degree of water of crystallisation, x, in a sample of 
hydrated sodium carbonate crystals (Na2CO3.x H2O). An 8.20 g sample of 
the crystals was weighed accurately on a clock glass and then made up 
to 500 cm3 of solution in a volumetric fl ask. A pipette was used to transfer 
25.0 cm3 portions of this solution to a conical fl ask.  A previously 
standardised 0.11 M hydrochloric acid (HCl) solution was used to titrate 
each sample. A number of accurate titrations were carried out. The 
average volume of hydrochloric acid solution required in these titrations 
was 26.05 cm3.

The titration reaction is described by the equation:

  Na2CO3 + 2HCl  ‡ 2NaCl + CO2 + H2O

 (a)  Identify a primary standard reagent which could have been used to 
standardise the hydrochloric acid solution.

 (b)  Name a suitable indicator for the titration and state the colour 
change observed in the conical fl ask at the end point. Explain why 
not more than 1-2 drops of indicator should be used. 

 (c) (i)   Describe the correct procedure for rinsing the burette before 
fi lling it up with the solution it is to deliver.

  (ii) Why is it important to fi ll the part below the tap of the burette?

 (d)  From the titration fi gures, calculate the concentration of sodium 
carbonate (Na2CO3) in the solution in 

  (i)  moles per litre,

  (ii) grams per litre.

 (e)  Calculate the percentage water of crystallisation present in the 
crystals and the value of x, the degree of hydration of the crystals. 

2005 Leaving Certifi cate Higher Level  

An indigestion tablet contains a mass of 0.30 g of magnesium hydroxide 
[Mg(OH)2] as its only active ingredient. The balanced chemical equation 
for the reaction between magnesium hydroxide and hydrochloric acid 
(HCl(aq)), the acid produced in the stomach, is as follows:

Mg(OH)2   +   2HCl  ‡  MgCl2   +  2H2O

  (i)  Calculate the volume of 0.1 M HCl neutralised by two of these 
indigestion tablets.  Give your answer to the nearest cm3

  (ii) What mass of salt is formed in this neutralisation?

  (iii)  How many magnesium ions are present in this amount of the 
salt?

  (iv)  Another indigestion remedy consists of a suspension of 
magnesium hydroxide [Mg(OH)2] in water and is marked 
6% (w/v)

   What volume of this second indigestion remedy would have the 
same neutralising effect on stomach acid as two of the indigestion 
tablets mentioned earlier? 

Learning Objectives

On completing this lesson, the student should:

•  Know what is meant by volumetric analysis

• Understand the terms used in describing concentrations of solutions

•  Know the main pieces of apparatus used in volumetric analysis and 
their relative accuracies

•  Understand the difference between primary and secondary 
standards, and why only certain compounds are primary standards

•  Be able to explain the various methods of expressing concentrations. 

Revise the Terms

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

Volumetric analysis; quantitative analysis; volumes; litre; cubic 
decimetre; cubic centimetre; volumetric fl asks; burettes; pipettes; 
indicators; pH; titration curves; end point; qualitative analysis; 
solution; solute; solvent; soluble solid; concentrated; dilute; grams 
per litre (g/L);  molarity;  mol/L; moles of solute per litre of solution;  
M;  percentage of solute in a solution; weight per weight (w/w;) 
weight per volume (w/v); g/100 cm3; volume per volume (v/v); 
cm3/100 cm3; parts per million (p.p.m.); standard solutions; primary 
standard; high purity; stability; anhydrous; secondary standard 
solution; sublime; hygroscopic.

Check the glossary of terms on www.sta.ie

Practical Activities

Mandatory Practical Experiments: 

 • To prepare a standard solution of sodium carbonate.

 •  To use the standard solution of sodium carbonate solution prepared 
in the previous experiment to standardise a given hydrochloric acid 
solution. 

 •  To make up an approximate 0.1 M solution of sodium hydroxide, 
standardise it and with standard. 

 •  A hydrochloric acid/sodium hydroxide titration and the use of this 
titration in making the salt sodium chloride (Ordinary level only).

 • Determination of the concentration of ethanoic acid in vinegar.

 •  Determination of the amount of water of crystallisation in hydrated 
sodium carbonate.

 • A potassium manganate(VII)/ammonium iron(II) sulphate titration.

 • Determination of the amount of iron in an iron tablet.

 • An iodine/thiosulphate titration.

 • Determination of the percentage (w/v) of hypochlorite in bleach.

2005 Leaving Certifi cate Ordinary Level 

A 500 cm3 bottle of mineral water contains 0.480 g of dissolved solids. 
Calculate the concentration of dissolved solids in p.p.m.

The label on a bottle of whiskey says that the alcohol content is 40% (v/v). 
How many cm3 of ethanol are there in 30 cm3 of the whiskey. 

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

True or False

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

(a) Volumetric analysis is a branch of qualitative analysis.  T F
 
  
(b)  The concentration of a solution is the amount of solvent 
 dissolved in a certain amount of solute.  T F

(c)  Qualitative analysis tells us what substances are present in 
a sample.    T F

 
(d) A solution is a substance made of a solvent and a solute. T F
 
 
(e)  The symbol M indicates the number of moles of solute 

per litre. T F
 
(f) The term p.p.m. is the equivalent of 1 gram of solute per litre. T F
 
 
(g)  A solution labelled 10% w/v NaOH contains 10 g of solute 

per litre. T F
 

(h) Polar solutes dissolve in non-polar solvents.   T F

(i)  Narrow measuring containers give more accurate volumes.     T F
 
(j) Pesticide concentrations in water are measured in mg/L.   T F
           
(k)   To make a 2 M solution you add two moles of solute to  
 2 two litres of water.      T F

Check your answers to these questions on www.sta.ie
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General Learning Points
• A solution is a substance made up of a solute and a solvent.

•  A solution that contains a large amount of solute is said to 
be concentrated.

•  A solution that contains only a small amount of solute is said to
 be dilute. 

•  The most common term for expressing concentration is molarity, i.e. 
the number of moles of solute per litre of solution. 

•  Other ways of expressing the concentration of solutions are 
g/L, p.p.m., mg/L, mg/dm3, % v/v, % w/v and % w/w. 

•  A primary standard is a substance of high purity which is stable in 
both solid form and in solution. 

•  A standard solution is one for which the concentration is accurately 
known. 

•  A secondary standard is a substance which cannot be obtained in 
suffi cient purity or stability to directly make up a standard solution. 

•  An indicator is a solution that changes colour to show the end point of 
a titration.

•  A cubic centimetre is equivalent to a millilitre (ml or mL); cubic 
centimetre (cm3) is the preferred SI subunit. However laboratory 
glassware volumes are generally marked in millilitres (ml).

•  The cross-sectional areas of the apparatus where the volumes   
 are measured are narrow to improve accuracy. A 50 cm3 burette   
 is accurate and readable to 0.1 cm3 or even 0.05 cm3.



(vi)  Where very dilute solutions are being used, the concentrations 
can be expressed in parts per million (p.p.m.). It is the equivalent of 
1 mg of solute diluted in 1 litre of solution (mg/L), where the solvent 
is water. Hardness and pollutants in water are measured in p.p.m. as 
is the level of dissolved oxygen in water. 

Volumetric analysis is a branch of quantitative analysis that 
involves reacting measured volumes of solutions and the use 
of these volumes to calculate concentrations. Volumetric 
fl asks are used to make up accurate volumes of solutions to 
ensure accurate concentrations, while burettes and pipettes 
are used to dispense accurate volumes of these liquids.  The 
areas of the apparatus where the volumes are measured are 
narrow to ensure they are accurate. It is important to be able 
to read volumes with accuracy to 0.1cm3. Although cm3 is 
used in calculations, a millilitre (ml) is also a common unit 
used for measuring volumes of liquids. Millilitres (ml) are 
more commonly used in industry. 

What volume has been used in the burette below?

Qualitative analysis tells us what substances are present. 
Qantitative analysis tells us how much of the substance is present.

Quantitative analysis is a very important analytical technique, and is 
used daily in quality control laboratories in pharmaceutical companies 
such as Wyeth.

What is a solution?
A solution is a substance made up of a solute and a solvent. A solute is 
normally a soluble solid whereas a solvent is the liquid used to dissolve it 
– most commonly, water. Solutes and solvents can be broadly described 
as polar or non-polar. Water is a polar solvent and typically dissolves 
polar solutes. Alcohol and ethyl benzene are examples of solvents used 
for non-polar solutes.

If a solution contains a large amount of solute relative to the 
amount of solvent it is said to be concentrated. If a solution 
contains only a relatively small amount of solute then it is said to 
be dilute.   In accurate quantitative analysis we need to know the exact 
amounts and concentration of solutions. The concentration of a solution 
is the amount of solute dissolved in a specifi ed amount of solution.  

How do I express concentrations?
There are several ways of expressing the concentration of a solution, all 
of which are commonly used in industry. 

(i) Grams per litre. This is the number of grams of solute per litre of 
solution and is perhaps the simplest measure.

(ii) In chemistry, the concentration (or molarity) of a solution is expressed  
in moles of solute per litre of solution

The symbol for this is mol/L but is usually abbreviated to M.  You will 
often see in your school laboratory chemicals labelled 1 M NaOH or 
1 M HCl. This means there is one mole of each of these substances 
in every litre of solution.  1 M is generally, but not always, regarded 
as dilute. 
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Fig.1   Reading the volume of a liquid, from the bottom of 
the meniscus (except for opaque liquids)

Worked example 1:    How much NaOH would there be in 1 litre of 
1 molar solution?

1 M NaOH = 1 mole of NaOH in 1 litre of solution

MR of NaOH = 40 g/mol  (where MR is the relative molecular 
mass or the relative formula mass 
in the case of non-molecular 
substances)

1 M NaOH = 40 g of NaOH dissolved in 1 litre of solution

 12% Ethanol (C2H5OH)  =  12 g/100 g 
 (density of water = 1 g/cm3)
 (MR C2H5OH = 46 g/mol) = 12 g/100 cm3

 =  120 g/1000 cm3 (÷ 46 g/mol MR of 
ethanol) 

 =  (120 g ÷ 46 g/mol)/1000 cm3  

 =   2.6 mol/1000 cm3

 =   2.6 mol/litre (2.6 M)

Worked example 2:   Express 12% (w/w) of ethanol in terms of molarity

Worked example 3:    Expressing concentrations in p.p.m.

1 mg / litre H2O = 1 mg / 1000 cm3 of H2O
 (density = 1 g/cm3)
 = 1 mg / 1000 g of H2O (1 g = 1000 mg)
 = 1 mg / (1000 x 1000) mg of H2O
 = 1 p.p.m. of H2O

Fig. 2   Outline of indicators and the associated colour changes. 

Indicator Colour 1 Colour 2 Used for

Methyl Orange Acid
Red

Alkali
Yellow

Strong Acid / Weak Base

Phenolphthalein Acid
Red

Alkali
Colourless

Weak Acid – Strong Base

Universal Acid
Red
Orange

Alkali
Blue range

General pH

Litmus Acid
Red

Alkali
Blue

Differentiating acid and base

Eriochrome Black Hardness present 
Wine Red

Hardness 
absent 
Blue

Hardness in water titrations

Starch Iodine present 
Blue/Black

Iodine absent 
Colourless

Iodine titrations

MnO4- Present
Pink

Absent
Colourless

Manganate(VII) titrations

(iii) Percentage concentration

Another method of expressing concentration is as a percentage of 
solute in a solution. However this can sometimes be ambiguous. 
For example, a 10% solution of ethanol in water could mean that 
10% of the volume of solution is ethanol or that 10% of the mass of 
the solution is ethanol. To eliminate this possible source of error 
we use postscripts such as (w/w) or (v/v) to specify what the 
percentage means.

Weight per weight (w/w) uses the percentage mass of solute per 
mass of the solution.  For example a solution labelled 10% (w/w) 
of NaOH would contain 10 g of NaOH per 100 g of solution.  To 
prepare a solution of this concentration you would weigh out 10 g 
of solute, in this case NaOH, and add water until the total is 100 g. 
Note: you get a total of 100 g of solution; you do not add the mass of 
solute to 100 g of solvent.

  Weight per volume (w/v) uses the percentage mass of solute per 
volume of the solution. Therefore a solution labelled 18% (w/v) of 
NaOH would have 18 g of NaOH in 100 cm3 of solution. To prepare 
a solution of this concentration, 18 g of NaOH would be weighed 
into a 100 cm3 volumetric fl ask and the fl ask fi lled to the mark with 
deionised water. The percentage given equates to g/100cm3.

Volume per Volume (v/v) is used where the solute is in liquid form. It 
is the percentage volume of solute per volume of solution. To create 
a solution of concentration 15% (v/v) ethanol, 15 cm3 of ethanol 
would be transferred to a 100cm3 volumetric fl ask and fi lled to the 
mark with deionised water. Most alcohol bottles are labelled in this 
way. For example wine labelled 13% is actually 13% (v/v). Here the 
percentage given equates to cm3/100 cm3.

Volumetric analysis also involves the preparation of standard solutions. 
This is a solution whose concentration is accurately known. In order to 
make a standard solution a primary standard must be used. A primary 
standard is a substance of high purity and stability. It must also dissolve 
easily in a solvent.  Distilled or deionised water may be used as the 
solvent. Some examples of primary standards are anhydrous sodium 
carbonate (Na2CO3), sodium chloride (NaCl), potassium dichromate 
(K2Cr2O7).

A secondary standard solution is one that cannot be made up directly 
from the solid as the purity of the solid cannot be guaranteed or the solid 
is too reactive to guarantee purity.  A solution must fi rst be made up 
and then standardised by titrating it against a primary standard. By this 
means, its concentration can be accurately worked out. Some examples 
of secondary standards are: potassium permanganate (KMnO4) which 
cannot be obtained in suffi cient purity to make a solution of accurate 
concentration; iodine which sublimes and therefore cannot be weighed 
out accurately; sodium hydroxide (NaOH) which absorbs CO2 from 
the atmosphere and sulphuric acid (H2SO4) which is hygroscopic and 
therefore absorbs water from the atmosphere.

Indicators are generally solutions which change colour with pH.  These 
indicators, or titration curves, can be used to get an accurate end point 
for the reaction [i.e. show when the reaction is complete].  The indicator 
used depends on the solutions being reacted. Many indicators are weak 
acids or bases and therefore only small amounts should be added as 
large amounts may affect the result of the titration.

Wyeth – The Search for new Drugs
Wyeth is a global leader in pharmaceutical, consumer healthcare 
products, and animal healthcare products.

Wyeth improves the lives of millions of people around the world 
with its outstanding products. Other innovative medicines are 
currently being developed. With research and development 
(R&D) programmes focused on small molecules, vaccines, and 
biotechnology, Wyeth is exploring more than 60 new therapies 
for medical conditions such as diabetes, breast cancer, multiple 
sclerosis, HIV, Alzheimer’s disease, and schizophrenia.

Wyeth, with headquarters in Philadelphia USA, has major 
manufacturing operations in Ireland and Wyeth currently 
employs approximately 3000 people here in four locations, 

• Wyeth Nutritionals Ireland, Askeaton, County Limerick

• Wyeth Medica Ireland, Newbridge, County Kildare

• Forth Dodge Laboratories Ireland, Sligo

• Wyeth BioPharma Campus, Grange Castle, Dublin

Careers within the pharmaceutical sector cover a broad spectrum, 
ranging from Pharmaceutical Sciences, Quality & Compliance, 
Chemical, Mechanical, Electrical, Computer Engineering, 
Manufacturing, Maintenance, Environmental Health & Safety, 
Human Resources, Finance and Training. 

Due to the nature of the product manufactured, safety and 
quality assurance is paramount, demanding constant vigilance 
and careful control at every step. The Quality Control function 
generally consists of chemistry and micro-lab analysts, who 
monitor products at all stages and ensure every batch is of 
the required standard. Other tests such as tablet dissolution, 
tablet thickness and hardness are also carried out. All these 
tests employ volumetric analysis using standard solutions of 
precise concentration. 

You can discover more about Wyeth and the 
people who work there at www.wyeth.ie and at 
www.sta.ie

Fig. 3    Using phenolphthalein or methyl orange indicator 
solution as an acid – base indicator. 

Syllabus Reference

Leaving Certifi cate Chemistry 
Unit 4.1 – Concentration and Solutions
Unit 4.3 – Volumetric Analysis 

Junior Certifi cate Chemistry 
Section 2A – Classifi cation of Substances

Examination Questions   

2006 Leaving Certifi cate Higher Level

An experiment was carried out to fi nd the percentage water of 
crystallisation and the degree of water of crystallisation, x, in a sample of 
hydrated sodium carbonate crystals (Na2CO3.x H2O). An 8.20 g sample of 
the crystals was weighed accurately on a clock glass and then made up 
to 500 cm3 of solution in a volumetric fl ask. A pipette was used to transfer 
25.0 cm3 portions of this solution to a conical fl ask.  A previously 
standardised 0.11 M hydrochloric acid (HCl) solution was used to titrate 
each sample. A number of accurate titrations were carried out. The 
average volume of hydrochloric acid solution required in these titrations 
was 26.05 cm3.

The titration reaction is described by the equation:

  Na2CO3 + 2HCl  ‡ 2NaCl + CO2 + H2O

 (a)  Identify a primary standard reagent which could have been used to 
standardise the hydrochloric acid solution.

 (b)  Name a suitable indicator for the titration and state the colour 
change observed in the conical fl ask at the end point. Explain why 
not more than 1-2 drops of indicator should be used. 

 (c) (i)   Describe the correct procedure for rinsing the burette before 
fi lling it up with the solution it is to deliver.

  (ii) Why is it important to fi ll the part below the tap of the burette?

 (d)  From the titration fi gures, calculate the concentration of sodium 
carbonate (Na2CO3) in the solution in 

  (i)  moles per litre,

  (ii) grams per litre.

 (e)  Calculate the percentage water of crystallisation present in the 
crystals and the value of x, the degree of hydration of the crystals. 

2005 Leaving Certifi cate Higher Level  

An indigestion tablet contains a mass of 0.30 g of magnesium hydroxide 
[Mg(OH)2] as its only active ingredient. The balanced chemical equation 
for the reaction between magnesium hydroxide and hydrochloric acid 
(HCl(aq)), the acid produced in the stomach, is as follows:

Mg(OH)2   +   2HCl  ‡  MgCl2   +  2H2O

  (i)  Calculate the volume of 0.1 M HCl neutralised by two of these 
indigestion tablets.  Give your answer to the nearest cm3

  (ii) What mass of salt is formed in this neutralisation?

  (iii)  How many magnesium ions are present in this amount of the 
salt?

  (iv)  Another indigestion remedy consists of a suspension of 
magnesium hydroxide [Mg(OH)2] in water and is marked 
6% (w/v)

   What volume of this second indigestion remedy would have the 
same neutralising effect on stomach acid as two of the indigestion 
tablets mentioned earlier? 

Learning Objectives

On completing this lesson, the student should:

•  Know what is meant by volumetric analysis

• Understand the terms used in describing concentrations of solutions

•  Know the main pieces of apparatus used in volumetric analysis and 
their relative accuracies

•  Understand the difference between primary and secondary 
standards, and why only certain compounds are primary standards

•  Be able to explain the various methods of expressing concentrations. 

Revise the Terms

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

Volumetric analysis; quantitative analysis; volumes; litre; cubic 
decimetre; cubic centimetre; volumetric fl asks; burettes; pipettes; 
indicators; pH; titration curves; end point; qualitative analysis; 
solution; solute; solvent; soluble solid; concentrated; dilute; grams 
per litre (g/L);  molarity;  mol/L; moles of solute per litre of solution;  
M;  percentage of solute in a solution; weight per weight (w/w;) 
weight per volume (w/v); g/100 cm3; volume per volume (v/v); 
cm3/100 cm3; parts per million (p.p.m.); standard solutions; primary 
standard; high purity; stability; anhydrous; secondary standard 
solution; sublime; hygroscopic.

Check the glossary of terms on www.sta.ie

Practical Activities

Mandatory Practical Experiments: 

 • To prepare a standard solution of sodium carbonate.

 •  To use the standard solution of sodium carbonate solution prepared 
in the previous experiment to standardise a given hydrochloric acid 
solution. 

 •  To make up an approximate 0.1 M solution of sodium hydroxide, 
standardise it and with standard. 

 •  A hydrochloric acid/sodium hydroxide titration and the use of this 
titration in making the salt sodium chloride (Ordinary level only).

 • Determination of the concentration of ethanoic acid in vinegar.

 •  Determination of the amount of water of crystallisation in hydrated 
sodium carbonate.

 • A potassium manganate(VII)/ammonium iron(II) sulphate titration.

 • Determination of the amount of iron in an iron tablet.

 • An iodine/thiosulphate titration.

 • Determination of the percentage (w/v) of hypochlorite in bleach.

2005 Leaving Certifi cate Ordinary Level 

A 500 cm3 bottle of mineral water contains 0.480 g of dissolved solids. 
Calculate the concentration of dissolved solids in p.p.m.

The label on a bottle of whiskey says that the alcohol content is 40% (v/v). 
How many cm3 of ethanol are there in 30 cm3 of the whiskey. 

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

True or False

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

(a) Volumetric analysis is a branch of qualitative analysis.  T F
 
  
(b)  The concentration of a solution is the amount of solvent 
 dissolved in a certain amount of solute.  T F

(c)  Qualitative analysis tells us what substances are present in 
a sample.    T F

 
(d) A solution is a substance made of a solvent and a solute. T F
 
 
(e)  The symbol M indicates the number of moles of solute 

per litre. T F
 
(f) The term p.p.m. is the equivalent of 1 gram of solute per litre. T F
 
 
(g)  A solution labelled 10% w/v NaOH contains 10 g of solute 

per litre. T F
 

(h) Polar solutes dissolve in non-polar solvents.   T F

(i)  Narrow measuring containers give more accurate volumes.     T F
 
(j) Pesticide concentrations in water are measured in mg/L.   T F
           
(k)   To make a 2 M solution you add two moles of solute to  
 2 two litres of water.      T F

Check your answers to these questions on www.sta.ie
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General Learning Points
• A solution is a substance made up of a solute and a solvent.

•  A solution that contains a large amount of solute is said to 
be concentrated.

•  A solution that contains only a small amount of solute is said to
 be dilute. 

•  The most common term for expressing concentration is molarity, i.e. 
the number of moles of solute per litre of solution. 

•  Other ways of expressing the concentration of solutions are 
g/L, p.p.m., mg/L, mg/dm3, % v/v, % w/v and % w/w. 

•  A primary standard is a substance of high purity which is stable in 
both solid form and in solution. 

•  A standard solution is one for which the concentration is accurately 
known. 

•  A secondary standard is a substance which cannot be obtained in 
suffi cient purity or stability to directly make up a standard solution. 

•  An indicator is a solution that changes colour to show the end point of 
a titration.

•  A cubic centimetre is equivalent to a millilitre (ml or mL); cubic 
centimetre (cm3) is the preferred SI subunit. However laboratory 
glassware volumes are generally marked in millilitres (ml).

•  The cross-sectional areas of the apparatus where the volumes   
 are measured are narrow to improve accuracy. A 50 cm3 burette   
 is accurate and readable to 0.1 cm3 or even 0.05 cm3.


