








Introduction

This support booklet gives information on where microscale chemistry practicals can be
used within the following specifications:

e Edexcel Advanced SubsidiaryGCE in Chemistry (8080)
e Edexcel Advanced GCE in Chemistry (9080).

A separate support booklet is available listing the microscale chemistry practicals for the
Nuffield chemistry courses.

The practicals are listed by the unitto  which they are mapped in the specification.
However, they may be listed for more than one unit.

Edexcel feels that microscale chemistry experi ments can be a very useful way of carrying
out chemistry practicals. The experiments use fewer materials so the safety hazards are
often reduced, due to the smaller volumes of reactants and the use of plastic apparatus,
rather than glassware. Fume cupboards are not needed as often when carrying out
microscale chemistry experiments, as due to the small volumes of re actants small volumes
of products are produced. Edexcel recommends that a risk analysis is carried out for all
chemistry practicals. Students carrying out microscale experiments still improve their
practical skills in the same way as with an y other chemistry practi cal, however Edexcel
recommends that students should have experience of traditional practical apparatus, as

well as microscale apparatus.

Resources for use with microscale chemistry ex periments are listed on page 35. This page
gives information on available suppliers of microscale practical equipment, and also of
student and teacher worksheets.
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Further support

Microscience is supported by many prestigious organizations. One of these is the Royal
Society of Chemistry (RSC). Thissection includes a statement from the RSC with their view
on the importance of microscale chemistry.

The Royal Society of Chemistry (RSC)

The RSC is the largest organisation in Europe for advancing the chemical sciences.
Supported by a network of 45,000 members worldwide and an internationally acclaimed
publishing business, our activities span education and training, conferences and science
policy, and the promotion of the chemical sciences to the public.

Microscale chemistry is chemistry carried out on a reduced scale using small quantities of
chemicals and often (but not always) simple equipment. In the USA the term smallscale
chemistry is often preferred, especially at se condary level. There, the term microscale is
normally used for organic experiment s done in specialised glassware.

Microscale experiments have several advantages:
o the small quantities of chemicals and si mple equipment reduces material costs;
o the disposal of chemicals after the experiment is easier;
o safety hazards are often reduced and many experiments can be done quickly; and
o frequently, plastic apparatus can be used rather than glassware so breakages are
minimized.

Microscale chemistry is not just about doing conv entional experiments on a reduced scale. Often
experiments can be done in ways such as precipitation reactions in drops of liquid. Chemical
reactions often proceed in small volumes of solution rather than the much larger volumes in test-
tubes and beakers, and it is often possible to make observations at microscale that are not
possible at normal scale. Such experiments will teach students the importance of careful
observation — a skill that is vitally important in  any scientific endeavour. By minimizing hazards
microscale chemistry opens up the possibility of using chemicals that are too hazardous to
contemplate on a larger scale thereby increasing st udents’ experience of practical chemistry. On a
general level, by minimizing waste, microscale ch emistry encourages students to use chemicals
responsibly, an issue very much in tune with current environmental concerns.

Sometimes experiments may be used to complement existing methods by allowing students to
perform the microscale experiments either alongsid e existing methods at appropriate points in the
course or as quick but useful revision exercises at the end of the topic.

Because many of the experiments are novel and unusual, many students (and some teachers) may
take time to get used to some of the techniques . For example, using a plastic pipette requires a
steady hand and the application of the correct amou nt of pressure to the bulb. Nevertheless if a
mistake is made the drops may be quickly mopped up with a tissue and very little chemical will
have been wasted or time lost. With practice stud ents should find the tec hniques are easy to use.
The emphasis on microscale practicals is on maximizing the opportunities for careful observation
and interpretation. Therefore, the practical parts of these experiments are often over very quickly
(in only a few minutes) in contrast to tradition al experiments which might last a whole lesson.
However, this is not to say that ex perimental technigue is unimportant.
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You are encouraged to sample the microscale practicals and to assimilate gradually some of them
into your courses where appropriate.

Current trends indicate that, with the likelihood  of further environmental legislation, the need for
microscale chemistry techniques and experiments in schools and colleges is likely to grow.
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Microscale Chemistry Practicals

Mapped to Edexcel Advanced Subsidiary GCE Chemistry (8080)

Practical

Description

Links to specification (8080)

Unit content

Skills

Using precipitates to
work out chemical
equations.

The stoichiometry of two reactions are worked
out using the heights of the precipitates formed
and finding the optimum concentration ratio
from a graph of molar ratio of reactants against
height of precipitate.
The two reactions used are between:
a. potassium chromate and barium chloride
b. lead nitrate and potassium iodide.

1.2b
1.2e

write full and ionic equations
use solution data expressed in
mol dm™

3.1Af to present and interpret
guantitative and qualitative
results

3.1Bf to present and interpret
guantitative and qualitative
results.

Experiment to find the
relative atomic mass
of magnesium.

Known masses of magnesium ribbon are reacted
with hydrochloric acid and the volume of
hydrogen produced is measured using
displacement of water.

1.2g

1.2h

understand the concept of the
molar volume of a gas and
apply this to simple chemical
equations

deduce reacting gas volumes
from chemical equations.

3.1Ae apply the chemistry of the
elements and compounds
listed in units 1 and 2

3.1Af present and interpret
quantitative results

3.1Be apply the chemistry of the
elements and compounds
listed in units 1 and 2

3.1Bf to present and interpret
quantitative and qualitative
results.
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Practical

Description

Links to specification (8080)

Unit content

Skills

Experiments to find
the concentration of a
solution of:

a) HCI

b) NaOH.

A solution of hydrochloric acid of unknown
concentration is titrated against standard sodium
carbonate solution using microtitration
apparatus. Its concentration is then found using
the results of the titrations.

The hydrochloric acid is then used to standardise
a solution of sodium hydroxide.

1.2b write full and ionic equations

1.2c use solution data expressed in
mol dm™

1.2f perform simple volumetric
calculations.

3.1Ac carry out the techniques used
in volumetric analysis and
enthalpy measurements

3.1Af present and interpret
qualitative and quantitative
results

3.1Bc describe the techniques used
in volumetric analysis and
enthalpy measurements

3.1Bf present and interpret
qualitative and quantitative
results.

The preparation of
magnesium chloride
and then prove that
its formula is MgCl, by
titration against

A solution of magnesium chloride is prepared by
reaction of excess magnesium with hydrochloric
acid.

The magnesium chloride solution is then titrated
against standard silver nitrate solution to

1.2b write full and ionic equations

1.2e Use solution data expressed in
mol dm™

1.2f perform simple volumetric
calculations

3.1Ac carry out the techniques used
in volumetric analysis and
enthalpy measurements

3.1Af present and interpret
qualitative and quantitative

standard measure the CI ion concentration and standard 1.6g recall that the oxidation results
a) AgNQ EDTA solution to find the concentration of the numbers of elements in 3.1Bc describe the techniques used
b) EDTA". Mg’ ion. In this way the formula of MgCl , is Groups | and Il are +1 and +2 in volumetric analysis and
arrived at. respectively enthalpy measurements
1.7d recall the use of silver ions 3.1Bf present and interpret
and aqueous ammonia in the qualitative and quantitative
identification of chloride, results.
bromide and iodide ions.
6
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Practical

Description

Links to specification (8080)

Unit content

Skills

Determination of the
relative atomic mass
of calcium.

An investigation to
test the student’s
ability in the skills of
manipulation,
observation and
recording and
interpretation and
evaluation of the
results.

Known masses of calcium are reacted with
water. The volume of hydr ogen gas is collected
and the relative atomic mass of calcium
calculated using molar volumes and reacting
mass calculations.

The Ca(OH) produced is then titrated against
standard hydrochloric acid and the relative
atomic mass of calcium calculated using the
results of the titrations.

1.2b write full and ionic equations

1.2e

use solution data expressed in
mol dm

1.2f perform simple volumetric

1.2g

1.2h

1.6g

calculations

understand the concept of the
molar volume of a gas and
apply this to simple chemical
equations

deduce reacting gas volumes
from chemical equations
recall that the oxidation
numbers of elements in Groups
land Il are +1 and +2
respectively.

3.1Ac

3.1Ae

3.1Af

3.1Bc

3.1Bf

3.1Bh

carry out the techniques used
in volumetric analysis and
enthalpy measurements
apply the chemistry of the
elements and compounds
listed in units 1 and 2 of the
specification

present and interpret
qualitative and quantitative
results

describe the techniques used
in volumetric analysis and
enthalpy measurements
present and interpret
qualitative and quantitative
results

evaluate error in quantitative
experiments.
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Links to specification (8080)

Practical Description Unit content Skills

How can we The three halide ions (CI; Br and I') are 1.2b write full and ionic equations 3.1Aa recognise the results of

distinguish between distinguished by the use of silver ions (AgNGs) 1.7d recall the use of silver ions and reactions of compounds

the halide ions, Cl 7 and dilute/concentrated ammonia solution. agueous ammonia in the specifically mentioned in units

Brand I'? identification of chloride, 1 and 2 and the results for

bromide and iodide ions. simple ions

3.1Af to present and interpret
quantitative and qualitative
reactions

3.1Ba recognise the results of
reactions of compounds
specifically mentioned in
units 1 and 2 and the results
for simple ions

3.1Bf to present and interpret
quantitative and qualitative
reactions.
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Links to specification (8080)

Practical Description Unit content Skills
Experiment — What is | Solutions of the three halogens (Cl,, Br, and I,) 1.2b write full and ionic equations 3.1Ae apply the chemistry of the
the order of reactivity are added to solutions of the three halides (Cl ", 1.5a define and use the concept of elements and compounds
of the Group VI Br and I') and any displacement reactions are oxidation number listed in units 1 and 2 of the
elements? observed. 1.5b recall that there is a variation specification
in the strength of oxidising and 3.1Be apply the chemistry of the
reducing agents elements and compounds
1.5¢ understand oxidation, listed in units 1 and 2 of the
reduction, oxidising agents and specification.

reducing agents in terms of
electron transfer

1.5d construct ionic half equations
and use them to deduce
equations for simple processes

1.5f interpret changes in oxidation
number in terms of oxidation
and reduction

1.7a recall the physical properties of
the elements.

What is the trend in
reactivity of the
Group Il elements?

The metals magnesium and calcium are added to
water and the results observed.

1.2b write full and ionic equations 3.1Ab recall the chemical tests for

1.6d recall the reactions of Group |l simple gases to include H,,
elements with oxygen, chlorine O,, NH;,Cl,, NO, and SQ.
and water

1.6g recall that the oxidation
numbers of elements in Groups
land Il are +1 and +2
respectively.
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Links to specification (8080)

Practical Description Unit content Skills

Identifying some Four compounds of magnesium — MgO, Mggl 1.2b write full and ionic equations 3.1Aa recognise the results of

simple compounds of MgCQ and Mg(NQ), are tested using Universal 1.7d recall the use of silver ions and reactions of compounds

magnesium. Indicator, nitric acid an d silver nitrate solution. agueous ammonia in the specifically mentioned in the

Hence the compounds are identified. identification of chloride, specification and the results

bromide and iodide ions. for simple ions

3.1Ae apply the chemistry of the
elements and compounds
listed in units 1 and 2

3.1Af to present and interpret
guantitative and qualitative
reactions

3.1Ba recognise the results of
reactions of compounds
specifically mentioned in
units 1 and 2 specification
and the results for simple
ions

3.1Bf to present and interpret
guantitative and qualitative
reactions.
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Practical

Description

Links to specification (8080)

Unit content

Skills

Rates of reactions.

Some simple reactions which show in both a
gualitative and quantitative way how reaction
rates are affected by changes in concentration,
surface area and temper ature. The reaction
studied here is between hydrochloric acid and
calcium carbonate.

The effect of a catalyst on the decomposition of
hydrogen peroxide is also investigated.

2.3a recall the factors which control
the rate of a chemical reaction

2.3b give an explanation of the
changes in rate based on
gualitative understanding of
collision theory

2.3c relate in a qualitative way, the
changes in the Maxwell-
Boltzmann distribution of
molecular energies with
changes in temperature to the
alteration in rate of reaction

2.3d understand the concept of
activation energy and its
qualitative relationship to the
effect of temperature changes
on the rate of reaction

2.3e recall the role of catalysts in
providing alternative reaction
routes of lower activation
energy.

3.1Af to present and interpret
quantitative and qualitative
reactions

3.1Bf to present and interpret
quantitative and qualitative
reactions.
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Links to specification (8080)

Practical Description . -

P Unit content Skills
What is the effect of The effect of changing pH (by adding acid and 1.2b write full and ionic equations 3.1Af to present and interpret
pH on the chromate/ alkali) on the chromate /dichromate equilibrium 2.4a understand that chemical guantitative and qualitative

dichromate
equilibrium?

is investigated along with appropriate controls.

2.4b

equilibria are dynamic

deduce the qualitative effects
of changes of temperature,
pressure and concentration on
the position of a homogeneous
equilibrium.

3.1Bf

reactions

to present and interpret
guantitative and qualitative
reactions.

What is the enthalpy
change for the
reaction between a
strong acid and a
strong base?

The reactions between strong acids (HCI and
HNQ) and a strong alkali (NaOH) are
investigated. The enthalpy changes are
calculated and related to the overall equation
(H'(aq) + OH(aq) > HO()).

1.2b
2.1a

2.1b

2.1c

2.19

write full and ionic equations
understand the concept of
enthalpy change, AH, and the
necessity to express this under
standard conditions

recall that AH is negative for
exothermic reactions and
positive for endothermic
reactions

recall the definition of

standard enthalpy of
neutralisation, AH®neu
describe experiments to
measure values of AH for
simple laboratory reactions
and perform calculations based
on the results of these
experiments.

3.1Ac

3.1Af

3.1Bf

3.1Bg

carry out the techniques used
in volumetric analysis and
enthalpy measurements
to present and interpret
guantitative and qualitative
reactions
to present and interpret
guantitative and qualitative
reactions
devise and plan simple
experiments based on the
chemistry and techniques
summarised by 3.1B a) to e).

12

Edexcel Advanced Subsidiary GCE in Chemistry (880) and Edexcel Advanced GE& in Chemistry (9080)
Microscale Chemistry Practicals — Issue 1 — April 2005




Links to specification (8080)

Practical Description . -

P Unit content Skills
Thermochemistry The experimentally impossible determination for 1.2b write full and ionic equations 3.1Ac carry out the techniques used
investigation — the enthalpy change for the thermal 2.1a understand the concept of in volumetric analysis and

experiment to find the

decomposition of calcium carbonate:

enthalpy change, AH, and the

enthalpy measurements

enthalpy change for CaCQ(s) » CaO(s) + CQg); necessity to express this under | 3.1Af to present and interpret
the thermal is determined indirectly using Hess’s Law by standard conditions guantitative and qualitative
decomposition of finding the enthalpy changes for the reactions of 2.1b recall that AH is negative for reactions
calcium carbonate. CaO and CaC@uwith hydrochloric acid. exothermic reactions and 3.1Ag devise and plan simple
This experiment tests the criteria of observation positive for endothermic experiments based on the
and recording and interpretation and evaluation reactions chemistry and techniques
of the results. 2.1c recall the definition of summarised by 3.1A a) to e)
The process is experimentally flawed and standard enthalpy of 3.1Bf to present and interpret
students should be asked to comment on these neutralisation, AH’ e quantitative and qualitative
flaws. 2.1g describe experiments to reactions
measure values of AH for 3.1Bg devise and plan simple
simple laboratory reactions experiments based on the
and perform calculations based chemistry and techniques
on the results of these summarised by 3.1B a) to e)
experiments. 3.1Bh evaluate error in
quantitative experiments.
3.1Bi comment critically on
information concerning
experimental procedures.
What is formed when Paraffin oil vapour is passed over hot pumice. 2.2b (ii) recall the reactions of 3.1Ad carry out simple organic

large alkanes are
cracked?

The products are tested using bromine water.

alkenes with hydrogen,
halogens, hydrogen halides and
potassium manganate(VII).

reactions.
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Practical

Description

Links to specification (8080)
Skills

Unit content

How can we
distinguish between
alkanes and alkenes?

A simple alkene (cyclohexene) is compared with
a corresponding alkane (cyclohexane) by reaction
with bromine water, and combustion.

2.2a

2.2b

(v) be able to classify
reactions as free radical,
electrophilic addition,
nucleophilic substitution,
elimination, hydrolysis,
reduction, oxidation or
polymerisation

(ii) recall the reactions of
alkenes with hydrogen,
halogens, hydrogen halides and
potassium manganate(VII).

3.1Af

3.1Bf

to present and interpret
guantitative and qualitative
reactions

to present and interpret
quantitative and qualitative
reactions.

14
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Links to specification (8080)

Practical Description Unit content Skills

Preparation of the Cyclohexene is prepared from cyclohexanol by 2.2a (V) be able to classify 3.1Ad carry out simple organic

cyclic alkene dehydration using concentrated phosphoric(V) reactions as free radical, reactions

cyclohexene acid and the product confirmed using a test with electrophilic addition, 3.1Bd describe the techniques used

bromine water. nucleophilic substitution, in simple organic

elimination, hydrolysis, preparations such as
reduction, oxidation or distillation and heating
polymerisation under reflux.

2.2b (i) recall the reactions of
alkenes with hydrogen,
halogens, hydrogen halides and
potassium manganate(VII)

2.2b (iv) recall the reactions of
primary, secondary and tertiary
alcohols with acidified
potassium dichromate(V1),
dehydrating agents (eg
concentrated sulphuric acid)
and halogenating agents
(phosphorus pentachloride,
sodium bromide and
concentrated sulphuric acid,
phosphorus and iodine).
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Links to specification (8080)

Practical Description Unit content Skills

The dehydration of Primary, secondary and tertiary alcohols are 2.2a (v) be able to classify 3.1Ad carry out simple organic

alcohols dehydrated by passing their vapours over hot reactions as free radical, reactions

pumice. electrophilic addition, 3.1Bd describe the techniques used
nucleophilic substitution, in simple organic
elimination, hydrolysis, preparations such as
reduction, oxidation or distillation and heating under
polymerisation reflux.

2.2b (ii) recall the reactions of
alkenes with hydrogen,
halogens, hydrogen halides and
potassium manganate(VII)

2.2b (iv) recall the reactions of
primary, secondary and tertiary
alcohols with acidified
potassium dichromate(V1),
dehydrating agents (eg
concentrated sulphuric acid)
and halogenating agents
(phosphorus pentachloride,
sodium bromide and
concentrated sulphuric acid,
phosphorus and iodine).
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Practical

Description

Links to specification (8080)

Unit content

Skills

How can we
distinguish between
different types of
alcohol?

Primary and secondary alcohols are distinguished
from tertiary alcohols by their reactions/non-
reaction with acidified potassium

dichromate(VI).

2.2a

2.2b

(v) be able to classify
reactions as free radical,
electrophilic addition,
nucleophilic substitution,
elimination, hydrolysis,
reduction, oxidation or
polymerisation

(iv) recall the reactions of
primary, secondary and tertiary
alcohols with acidified
potassium dichromate(V1),
dehydrating agents (eg
concentrated sulphuric acid)
and halogenating agents
(phosphorus pentachloride,
sodium bromide and
concentrated sulphuric acid,
phosphorus and iodine).

3.1Ad carry out simple organic
reactions.
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. . Links to specification (8080)
Practical Description Unit content Skills
What is formed by the | Primary and secondary alcohols are reacted with 2.2a (V) be able to classify 3.1Ad carry out simple organic
oxidation of primary acidified potassium dichromate(VI) and the reactions as free radical, reactions
and secondary products tested with 2, 4-dinitrophenylhydrazine electrophilic addition, 3.1Bd describe the techniques used
alcohols? (Brady’s reagent). nucleophilic substitution, in simple organic
elimination, hydrolysis, preparations such as
reduction, oxidation or distillation and heating
polymerisation under reflux.
2.2b (iv) recall the reactions of
primary, secondary and tertiary
alcohols with acidified
potassium dichromate(V1),
dehydrating agents (eg
concentrated sulphuric acid)
and halogenating agents
(phosphorus pentachloride,
sodium bromide and
concentrated sulphuric acid,
phosphorus and iodine).
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Links to specification (8080)

Practical Description Unit content Skills
The synthesis of Ethanoic acid is synthesised by the refluxing of 2.2a (v) be able to classify 3.1Ad carry out simple organic
ethanoic acid. ethanol with excess acidified potassium reactions as free radical, reactions

dichromate(V1). electrophilic addition, 3.1Bd describe the techniques used

2.2b

nucleophilic substitution,
elimination, hydrolysis,
reduction, oxidation or
polymerisation

(iv) recall the reactions of
primary, secondary and tertiary
alcohols with acidified
potassium dichromate(V1),
dehydrating agents (eg
concentrated sulphuric acid)
and halogenating agents
(phosphorus pentachloride,
sodium bromide and
concentrated sulphuric acid,
phosphorus and iodine).

in simple organic
preparations such as
distillation and heating under
reflux.
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. . Links to specification (8080)

Practical Description Unit content Skills

The preparation of Ethyl ethanoate is prepared by the reaction of 2.2a (V) be able to classify 3.1Ad carry out simple organic

ethyl ethanoate. ethanol and ethanoic ac id using concentrated reactions as free radical, reactions

sulphuric acid as a catalyst. The mixture is electrophilic addition, 3.1Bd describe the techniques used
refluxed in the first stage and then distilled. nucleophilic substitution, in simple organic
elimination, hydrolysis, preparations such as
reduction, oxidation or distillation and heating under
polymerisation reflux.
2.2b (iv) recall the reactions of

primary, secondary and tertiary
alcohols with acidified
potassium dichromate(V1),
dehydrating agents (eg
concentrated sulphuric acid)
and halogenating agents
(phosphorus pentachloride,
sodium bromide and
concentrated sulphuric acid,
phosphorus and iodine).
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Practical

Description

Links to specification (8080)

Unit content

Skills

The preparation of
1-bromobutane.

1-bromobutane is prepared from butan-1-ol by
reaction with sodium bromide and concentrated
sulphuric acid. The mixture is refluxed and then
distilled.

2.2a

2.2b

(v) be able to classify
reactions as free radical,
electrophilic addition,
nucleophilic substitution,
elimination, hydrolysis,
reduction, oxidation or
polymerisation

(iv) recall the reactions of
primary, secondary and tertiary
alcohols with acidified
potassium dichromate(V1),
dehydrating agents (eg
concentrated sulphuric acid)
and halogenating agents
(phosphorus pentachloride,
sodium bromide and
concentrated sulphuric acid,
phosphorus and iodine).

3.1Ad

3.1Bd

carry out simple organic
reactions

describe the techniques used
in simple organic
preparations such as
distillation and heating under
reflux.
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Microscale Practicals Mapped to Edexcel Advanced GCE Chemistry (9080)

Links to specification (9080)

Practical Description Unit content Skills
The reactions of different | Water is added to the chlorides listed and 4.2 a (iii) the formulae of, and 6.1Aa observe and interpret
chlorides [NaCl, MgCh, observations made using Universal Indicator reactions of the chlorides of details of the chemistry of
AICl;, SiCl,, PCls, S,Cl] solution to test the resulting solution, and Period 3 (Na to Ar) with water the elements and
with water. Universal Indicator paper to test any gases (iv) interpret the reactions in compounds listed in units 4
evolved. terms of the structure and and 5
bonding of the oxides and 6.1Ae present and interpret
chlorides. quantitative and qualitative
results.
Experiment to find the A solution of aluminium chloride is made up and 4.2 a (iii) the formulae of, and 6.1Aa observe and interpret
formula of aluminium titrated against standard silver nitrate solution. reactions of the chlorides of details of the chemistry of
chloride. Potassium chromate is the indicator used. Period 3 (Na to Ar) with water. the elements and
compounds listed in units 4
and 5
6.1Ad carry out techniques used in
volumetric analysis
6.1Ae present and interpret

quantitative and qualitative
results.
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24

Practical

Description

Links to specification (9080)

Unit content

Skills

Reactions of the Period 3
elements, Mg, Al, P (red)
and S with oxygen and
the acid-base nature of
the oxides formed.

Oxygen is prepared (H,O, decomposition
catalysed by MnQ,) and passed over the heated
element in a micro-combustion tube. The
products can be analysed by reaction with water
(tested using Universal Indicator).

4.2a

(i) reactions of the elements
(Na to Ar) with oxygen

(i) formulae and acid base
character of the oxides of the
elements Na to Ar

(iv) interpret the reactions in
terms of the structure and
bonding of the oxides and
chlorides.

6.1Aa

6.1Ae

observe and interpret
details of the chemistry of
the elements and
compounds listed in units 4
and 5

present and interpret
quantitative and qualitative
results.

The acid-base nature of
the oxides of Group IV.

Either acid or alkali is added to the various
oxides of Group IV.

4.2b

(i) recall the acid-base nature
of the Group IV oxides,
including the equations for their
reactions (excluding tin).

6.1Aa

6.1Ae

observe and interpret
details of the chemistry of
the elements and
compounds listed in units 4
and 5

present and interpret
guantitative and qualitative
results.
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Links to specification (9080)

against standard alkali.

4.3d

4.4h

equilibrium constants, K . and
Kp, from given equations and
calculate their numerical
values with units, given
suitable data

recall that the presence of a
catalyst does not affect the
position of equilibrium
understand the principles of
acid-base titrations.

Practical Description Unit content Skills
The oxidising-reducing Sn(ll) is reacted with acidified manganate(VII). 4.2b (i) recall that the +2 oxidation 6.1Aa observe and interpret
power of the +2 and +4 Pb(1V) in the form of PbO , is reacted with state in Group 1V becomes details of the chemistry of
oxidation states of tin concentrated HCI. more stable than the +4 the elements and
and lead oxidation as the atomic number compounds listed in units 4
increases and apply this to the and 5
chemistry of tin and lead. 6.1Ae present and interpret
quantitative and qualitative
results.
The equilibrium constant Ethyl ethanoate is hydrolysed using an acid 4.3a define the terms partial 6.1Ad carry out techniques used in
for the hydrolysis of ethyl | catalyst (concentrated HCI) and the ethanoic pressure and concentration volumetric analysis
ethanoate acid (and concentrated HCI) formed is titrated 4.3b deduce expressions for the 6.1Ae present and interpret

quantitative and qualitative
results.
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strong and weak acids.

acids are compared using the Microconductivity
apparatus. The qualitative values are related to
the generation of H *(ag) or OH(aq) ions.

and ‘weak’ as applied to acids
and bases.

Practical Description . .
P Unit content Skills
Effect of temperature on NGO,/N ,O4 gas mixture is captured in a propette 4.3e determine the equilibrium 6.1Ae present and interpret
the N,O4(g) = 2NOX(g). and then subjected to changes in temperature. partial pressures in an quantitative and qualitative
equilibrium resulting from results.
simple binary gas dissociation
(eg that of dinitrogen
tetroxide) given the value of
Kp.
The equilibrium constant | Various combinations of Fe?*(aq) and Ag'(aq) are | 4.3a define the terms partial 6.1Ad carry out techniques used in
for the Fe #*/Ag* allowed to equilibrate and the resulting pressure and concentration volumetric analysis
equilibrium. concentration of Fe *(aq) is found by titration 4.3b deduce expressions for the 6.1Ae present and interpret
against KSCN. equilibrium constants, K . and guantitative and qualitative
Ko, from given equations and results.
calculate their numerical
values with units, given
suitable data.
The conductivity of The conductivities of various strong and weak 4.4c understand the terms ‘strong’ 6.1Ae present and interpret

guantitative and qualitative
results.
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Practical

Description

Links to specification (9080)

Unit content

Skills

The enthalpies of
neutralisation of various
acid-base combinations.

The enthalpies of neutralisation of various
combinations of strong /weak acids and
strong/weak bases are compared and the results

4.4a

recall the Brgnsted-Lowry
theory and use it to identify
acid-base behaviour, and

6.1Ae

present and interpret
quantitative and qualitative
results

carboxylic acids with
PCk, Na,CQ; and NaHCQ.

reacted with these three reagents on a
microscale.

general reaction conditions and
classify the reactions:

(i) the reactions of carboxylic
acids with PCls, Na,CQ; and
NaHCQ,

evaluated in terms of the generation of H *(aq) or identify acid-base conjugate 6.1Ad carry out techniques used in
OH(aq) ions. pairs and relate them by means volumetric analysis,
of suitable equations kinetics and equilibria.
4.4c understand the terms ‘strong’
and ‘weak’ as applied to acids
and bases
4.4m demonstrate an understanding
of how the value of the
enthalpy of neutralisation is
related to the strengths of acids
and bases.
The pH of various buffer Combinations of the acid/salt species in various 4.41 explain the action of a buffer 6.1Ae present and interpret
solutions. buffers are made and the pH's determined by use solution and calculate its pH quantitative and qualitative
of a pH meter. These values are then compared from suitable data. results.
with the pH’s predicted from theory.
The reactions of Ethanoic acid as a typical carboxylic acid is 4.5b recall in terms of reagents and 6.1Aa observe and interpret

details of the chemistry of

the elements and

compounds listed in units 4
and 5.
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various functional groups.

Practical Description Unit content Skills
The preparation of ethyl Ethanoic acid and ethanol are refluxed 4.5b recall in terms of reagents and 6.1Aa observe and interpret
ethanoate. together in the presence of an H * catalyst. The general reaction conditions and details of the chemistry of
product is distilled off and purified. classify the reactions: the elements and
(ii) the reactions of carboxylic compounds listed in units 4
acids with alcohols and 5
5.5i describe practical tests for 6.1Ac carry out practical
various functional groups. techniques described in 5.5
to include heating under
reflux.
The reactions of an Propanal and propan-2-one are added to 4.5b recall in terms of reagents and 6.1Aa observe and interpret
aldehydes and a ketone 2,4-dinitrophenylhydrazine (Brady’s reagent) general reaction conditions and details of the chemistry of
with and Fehling’s solution and the method of classify the reactions: the elements and
2,4-dinitrophenylhydrazine | distinguishing between them is investigated. iv) carbonyl compounds with compounds listed in units 4
(Brady's reagent) and 2,4-dinitrophenylhydrazine and 5
Fehling’s solution . (Brady’s reagent), Fehling's 6.1Ae present and interpret
solution quantitative and qualitative
5.5i describe practical tests for results.
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acids. Their relative basicities are compared.

general reaction conditions and
classify the reactions:

Vi) primary amines with
aqueous hydrogen ions.

Practical Description Unit content Skills
The iodoform reaction . Various compounds are tested with iodine and 5.5b recall in terms of reagents and 6.1Aa observe and interpret
alkali to work out the requirements for the general reaction conditions and details of the chemistry of
iodoform reaction. classify the reactions: the elements and
iv) carbonyl compounds with compounds listed in units 4
iodine and alkali and 5
5.5i describe practical tests for 6.1Ae present and interpret
various functional groups. quantitative and qualitative
results.
Primary amines as bases. | Various primary amines are reacted with aqueous | 4.5b recall in terms of reagents and 6.1Aa observe and interpret

details of the chemistry of
the elements and
compounds listed in units 4
and 5

present and interpret
quantitative and qualitative
results.

6.1Ae
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Practical

Description

Links to specification (9080)

Unit content

Skills

The reactions of
Cu¥(aq) with various
ligands.

The colour change of Cu**(aq) with ligands such
as OH, NHz and CI'. The reaction with Cl ~ can also
be looked at as an example of an equilibrium.

5.2¢c

5.2d

5.2e

5.2f

recall the characteristic
properties of the transition
elements such as

i) the formation of coloured
agueous ions, and other
complex ions

understand the nature of the
bonding in complex ions,
including the aqua-ions, their
shape and the cause of their
colour

understand simple ligand
exchange processes

recall the formation of
hydroxide precipitates on the
addition of aqueous solutions of
sodium hydroxide or NH; and
that some precipitates react
with an excess of alkali, and
some react with an excess of
ammonia.

6.1Aa

6.1Ae

observe and interpret
details of the chemistry of
the elements and
compounds listed in units 4
and 5

present and interpret
quantitative and qualitative
results.
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Practical Description Unit content Skills
The reactions of Cr** and | The reactions of Cr®*(aq) ions and Zn**(aq) with 5.2c recall the characteristic 6.1Aa observe and interpret
Zn** with sodium alkali until in excess are investigated and the properties of the transition details of the chemistry of
hydroxide until in excess. | changes explained. elements such as the elements and
i)the formation of coloured compounds listed in units 4
agueous ions, and other and 5
complex ions 6.1Ae present and interpret
5.2d understand the nature of the quantitative and qualitative
bonding in complex ions, results
including the aqua-ions, their
shape and the cause of their
colour
5.2e understand simple ligand
exchange processes
5.2f recall the formation of

hydroxide precipitates on the
addition of aqueous solutions of
sodium hydroxide or NHs, and
that some precipitates react
with an excess of alkali, and
some react with an excess of
ammonia.
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Practical

Description

Links to specification (9080)

Unit content

Skills

The chemistry of

vanadium compounds.

Vanadium in its various oxidation states is
investigated and E° values used to predict any
reactions with various reagents.

5.2g

5.2h

recall the various oxidation
states of vanadium in its
compounds, and deduce given
E° values, reagents for the
interconversion of the metal
ions, oxo anions and oxo cations
of the element in these
oxidation states

describe reactions for the
interconversion of the oxidation
states of vanadium in aqueous
solution.

6.1Aa observe and interpret
details of the chemistry of
the elements and
compounds listed in units 4
and 5

6.1Ae present and interpret
quantitative and qualitative
results.

The titration of
manganate(VIl) with

various other reagents.

Potassium manganate(VIl) is standardised using
sodium oxalate and then titrated against a
solution of Fe?*(aq) to standardise it.

5.2c

recall the characteristic
properties of the transition
elements such as

i)the formation of coloured
aqueous ions, and other
complex ions

i) the formation of a range of
compounds in which they are
present in a range of different
stable oxidation states.

6.1Aa observe and interpret
details of the chemistry of
the elements and
compounds listed in units 4
and 5

6.1Ad carry out techniques used in
volumetric analysis,
kinetics and equilibria

6.1Ae present and interpret
quantitative and qualitative
results.
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Practical Description Unit content Skills
The kinetics of the The time taken (t) for magnesium to dissolve in 5.4a recall that rates of reaction 6.1Ad carry out techniques used in
reaction between various concentrations of hydrochloric acid is may be expressed by empirical volumetric analysis,
magnesium and determined. The order of the reaction is found rate equations of the form: kinetics and equilibria.
hydrochloric acid. by plotting concentratio n of HCI against 1/t. rate = k[A] 3[B]°

5.4b define the terms rate constant

and order of reaction and
understand that these are
experimentally determined.

The kinetics of the
reaction between sodium
thiosulphate and
hydrochloric acid.

The time taken (t) for a precipitate of sulphur to
appear when sodium thiosulphate reacts with
various concentrations of hydrochloric acid (and
vice versa) is determined. The order of the
reaction is found by plotting concentration of HCI
(or concentration of sodi um thiosulphate) against
1h.

5.4a

5.4b

recall that rates of reaction
may be expressed by empirical
rate equations of the form:

rate = k[A] 3[B]°

define the terms rate constant
and order of reaction and
understand that these are
experimentally determined.

6.1Ad

carry out techniques used in
volumetric analysis,
kinetics and equilibria.

The microscale synthesis
of azo-dyes.

An azo-dye is synthesized from phenylamine and
phenol.

5.3a

(v) recall in terms of reagents
and general reaction conditions
the reaction of phenylamine
with nitrous acid; and the
subsequent coupling reaction of
benzenediazonium ions with
phenol.

6.1Aa

6.1Ac

observe and interpret
details of the chemistry of
the elements and
compounds listed in units 4
and 5

carry out practical
techniques described in 5.5.
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Practical Description Unit content Skills
The reactions of phenol. Phenol is reacted with bromine water and sodium | 5.3a (iii) recall in terms of 6.1Aa observe and interpret
hydroxide. reagents and general reaction details of the chemistry of
conditions the reaction of the elements and
phenol with sodium hydroxide compounds listed in units 4
and bromine. and 5
6.1Ac carry out practical
techniques described in 5.5.
The synthesis of aspirin. Aspirin is synthesized on a microscale using 5.5b organic synthesis. 6.1Ac carry out practical
2-hydroxybenzoic acid and ethanoic anhydride . techniques described in 5.5.
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Resources and suppliers

Microscale practical guidance
Teacher and student worksheets for microscale acti vities are available from the following sources

John Skinner —Microscale Chemistry — (The Royal Societyof Chemistry, 1997)
ISBN 1-870343-49-2

Michael Vokins (editor) — Nuffield Advanced Chemistry Teacher’s Guide — 4" edition (Longman, 2000)
ISBN 0-582-32836-5

Michael Vokins (editor) — Nuffield Advanced Chemistry Student’s Guide — 4" edition (Longman, 2000)
ISBN 0-582-32835-7

LS15: Microscale Organic Chemistry — (CLEAPSS, 01/96)
Available to CLEAPSS members on their website —www.cleapss.org.uk/secpbfr.htm

Microchem worksheets — (Edu-lab, SO005/B) — for A-levé Chemistry (for Edexcel/ OCR/AQA
specifications)

A CD-Rom containing more information and examples of microscale chemistry practicals being carried
out by students is avai lable from Edu-Lab.

Equipment

Microscience equipment and materials are readily available from all the major distributors of science
equipment.

For further assistance, please contact:

EDU-LAB

Karoo Close

Bexwell Business Park
Bexwell

Norfolk PE38 9GA
Telephone 01366 385777

Websites
Nuffield Advanced Chemistry — for students — www.chemistry-react.org
Nuffield Curriculum Centre — fo r teachers and technicians — www.nuffieldcurriculumcentre.org

The Royal Society of Chenistry — www.rsc.org.uk

870rp120405S:LT\PD\Applied GCE\Adv.Sub.&Adhemistry(8080-9080)&MicroPracs.1-3/3
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