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‘Chemistry can be defined as the science that studies
systematically the composition properties, and reactivity
of matter at the atomic and molecular level. Since matter
is everything that can be touched, made visible, smelt or
tasted, it follows that the scope of chemistry as a subject
is very broad".

QAA for HE Subject Benchmark
Statement for Chemistry (2014).

Practical skills form the cornerstone of chemistry. Howev-
er, the diversity of skills required in the laboratory means
that a student’'s experience may be limited. While some
techniques do require specific skills, many of them are
transferable generic skills that are required throughout the
subject area.

The time constraints of the modern curriculum often
preclude or minimise laboratory time. It is the aim of this
book to provide general guidance for use in and out of prac-
tical sessions and also to cover a range of techniques from
the basic to the more advanced.

In creating the third edition of Practical Skills in Chem-
istry, we have maintained the approach of the previous
editions, with the aim of providing support to students tak-
ing chemistry based courses in a concise and user friendly
manner. Key points, definitions, illustrations, ‘how to’ box-
es, checklists, worked examples, tips and hints are includ-
ed where appropriate. However, we have also used this
opportunity of the new edition to restructure the layout,
to literally start at the beginning of the laboratory process
and progress to the end, with the dissemination of results.

In updating and thoroughly revising the book to in-
clude a ‘taste’ of the latest developments in methodology,
we have considered carefully the Quality Assurance Agen-
cy UK Subject Benchmarking statements for Chemistry, re-
viewed and updated in 2014, and have attempted to cover
all of the generic skills, along with the practical aspects
of the subject specific topics in chemistry. We have been
mindful of two of the QAAs aims for chemistry degree
(under- and post-graduate) programmes in the context of

practical skills. Specifically, ‘to develop in students a range
of practical skills so that they can understand and assess
risks and work safely and competently in the laboratory’
[for undergraduate students] and ‘to provide students with
the ability to plan and carry out experiments independently
and assess the significance of outcomes' [for postgraduate
students].

To students who buy this book, we hope you will find
it useful in the laboratory during your practical classes and
in your project work — this is not a book to be left on the
bookshelf.

\We would like to take this opportunity to thank our wives
and families for their continued support, and to recognise
the following colleagues and friends who have provided as-
sistance, comment and food for thought at various points
during the production of all editions: Gary Askwith, Dave
Bannister, Jon Bookham, Samantha Bowerbank, Susan
Carlile, Michelle Carlin, Jim Creighton, Sarah Cresswell,
Martin Davies, Mike Deary, Les Dix, Marcus Durrant,
Jackie Eager, Gordon Forrest, Derek Holmes, Ed Ludkin,
Dave Osborne, Justin Perry, Lee Rounds, Jane Shaw, Tony
Simpson, Dave Wealleans and lan Winship. We would also
like to thank the staff of Pearson Education for the friend-
ly support over the years, and would wish to acknowledge
Richelle Zakrewski, Rufus Cornow, Pat Bond, Owen Knight,
Simon Lake, Alex Seabrook and Pauline Gillett.

As with previous editions, we would be grateful to
hear of any errors you might notice, so that these can be
put right at the earliest opportunity.

JOHN R. DEAN (john.dean@northumbria.ac.uk)
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Information and communication technology (ICT) is vital in the moder aca-
demic world and “IT literacy” is a core skill for all bioscientists. This involves
a wide range of computer-

Definitions

Browser - a program to display web
pages and other Internet resources.

Definitions of key terms and
concepts are highlighted in
the text margin.

o Accessing web pages using a “browser” such as Intemet Explorer, Firefox

| FAQ- Frequently Asked Question; a file | 51 or Chrome.

or web page giving information on com- | ¢ Searching the web for useful information and resources using a search
mon queries, sometimes used as a file | engine such as Google, or a meta-search engine such as Dogpile
extension (.faq). Finding what you need u

FTP - File Transfer Protocol; a mecha- | or complex websites.
nism for downloading files.

URL - Uniform Resource Locator; the
‘address’ for web resources.

g online databases, such as library catalogues
such as your university’s homepage.

« Downloading, storing and manipulating files.
 Communicating via the Internet.

Using e- effectively.

Working with *Office™-type programs and other software (dealt with in

detail in Chapters 45 and 46).
Academic use of ICT resources — a

Tips and Hints provide use-
ful hints and practical advice,
and are highlighted in the text

margin.

Key Points highlight critical

range of in appropriate activities will be
identified in your university’s rules for
use of ICT systems. They may include:
hacking, spamming, using another per-
son’s account, and copyright infringe-
ment, as well as broader aspects of
behaviour covered by a code of conduct
or student charter

Understanding the technology ~ you
do not need to understand the work-
ings of the Internet to use it - most of
itis invisible to the user. To ensure you
obtain the right facilities, you may need
10 know some jargon, such as terms for
the speed of data transfer (megabits)
and the nature of internet addresses.

You will probably receive an introduction to your university’s networked
IT systems and you will be required to follow rules and regulations that are
important for the operation of these systems. Whatever your level of experience
with PCs and the Internet, you should also follow the basic guidelines shown
in Box 43.1. Reminding yourself of these from time to time will reduce your
chances of los

The Internet as a global resource

“The Internet is a complex network of computer networks; it is loosely organised
and no one group organises it or owns it. Instead, many private organisati
ties and government ate discrete parts of it
The web is the most popular application of the Internet. It allows eas
links to information and files which may be located on networked computers
across the world. The web enables you to access millions of ‘homepages” or
“websites' ~ the initial point of reference with many individuals, institutions
and companies. Besides text and images, these sites may contain *hypertext
links", highlighted words or phrases that take you to another Internet location
via a single mouse click
You can gain access to the Internet either through a network at your uni
versity, at most public libraries, at a commercial ‘Intenet cafe’., or from home
via a modem connected to a broadband or dial-up internet service provider
(e.g. Virgin Media, BT or Sky),

KEY POINT  Most material on the Internet has not been subject
to peer review or vetting. Information obtained from the web or

features of methodology.

Ty oT T
wireless network can be complex, but
instructions are usually provided with
the hardware. White and Downs (2014)
and Gralla (2006) are useful texts if you
wish to learn more about computing
and the Internet.

posted on may be inaccurate, biased or spoof; do
not assume that everything you read is true, or even legal

Online communication

You will be allocated an email account by your university and should use
this routinely for communicating with staff and fellow students, rather than
using a personal account. You may be asked to use email to submit work as

Information technology and library resources 389

Basic laboratory procedures |

quantitative analysis

Box 9.4 How to weigh out a sample of a solid for use in

"\ The isolopes of a particular clement have the same number of protons in the 1. Place the clean, dry weighing boat or sample tube on a general-
Examples '2C, '{C and '{C are three of | nucleus but different numbers of neutrons, iving the the same proton number purpose two-decimal-place balance and zero the balance.
the sotopes of carbon. About 98.9% | (atomic number) but different nucleon numbers (mass nurmber, .. number of 2. Weigh out the calculated amount of chemical within the acouracy of
of naturally oceurring carbon isin the | b oyang + number of neutrons). Isotopes may be stable o radioactive. Radi- the balance.
stable C form. §C is also a stable ctve isotopes (radioisotopes) disintegrate spontancously at random to yield
Fotapo bt anly oceur t 1% nat | CJANE solopes (dicstops) disincgrte spontancously st andom 1o i B rosciog on i pressing the bary
ral abundance. Trace amounts of radio- | fdiation and a decay product. button with th balance doors closed.
active "iC are found naturally; ths is a
: o " decay 4. Relock the balance pan by pressing the bar/button.
There are three forms of radioactivity (Table 35.1) arising from three main 5. Carefully transfer the weighing boat or sample tube to the balance
e e three o pan of the analytical balance (for very accurate work uss tweezers
types of nuclear decay or fine tongs since the sweat from your fingers will contribute to the
. Alpha decay. This involves the loss of a partcle equivalent to a helium weight recorded) and close the balance door.
Examples 2%Ra decays to %Rn by nucleus. Alpha (a) particles, being relatively large and positiely charged,
loss of an alpha particle, as follows: a 6. balance

to stabilise and record the weight of the chemical and container. If the
last decimal place ‘cycles’ between two or three numbers, determine
the mid-point of the ‘cycle’ and record this value as the weight.

do not penetrate far in living tissue, but they do cause ionisation damage and
%8Ra —BRn + IHe?" this makes them generally unsuitable for tracer studies,

14 shows beta decay, as follows: o Beta decay. This involves the loss or gain of an electron or its positive

HCUN - counterpart, the positron. There are three subtypes: 7. Lock the balance pan by pressing the bar/button, remove the sample
2 (a) Negatron () emission: loss of an electron from the nucleus when container and transfer the solid to your volumetric flask, beaker or
‘Na decays by positron emission, as o N ton. This is the most important f conical flask by pouring, but do not wet the weighing boat or sample
follows: a neutron transforms into a proton. Thi is the most important form oA
of decay for radioactive tracers used in chemistry. Negatron-emitting
#Na—%Ne + B isotopes of importance include *H, *C, *?P and S 8. Replace the weighing container on the analytical balance pan, close
s the balance door and weigh the container. Again decide on the mid-
Fe decays by electron capture and (b) Positron (") emission: loss of a positron when a proton transforms into g 9
the production of an X-ray, as follows: Fosuon (6 omiso POt P o point weight f the last decimal place ‘cycles’ and record this value
ly occurs when sufficient energy is available from as the weight of the ‘empty’ weighing container.
$5Fe— %Mn + X the transition and may involve the production of gamma rays when the N )
2 y . ositron is later annihilated by collision with an electron. Lock the balance pan by pressing the bar/button and remove the
The decay of *Na by positron emis- P weighing container from the balance.
sion (§") leads to the production of a (¢) Electron capture (EC): when a proton “captures’ an electron and trans- Fig. 8.5 Transferring a solid using glazed
'y ray when the positron is annihilated forms into a neutron. This may involve the production of X-rays as paper 10. Subtract the weight of the ‘empty’ weighing container from that of

on collision with an electron, the weighing container plus sample and you now know the mass.
_— of chemical, to an accuracy of four decimal places, which has been
transferred into your volumetric flask, beaker or conical flask.

S amounts of solid are to be transferred, it is advisable to use a wide-necked filter
Plded OISz funnel called a *powder funnel”.
=" au In many preparative experiments, which are carried out on a small scale

Not from the above that more than one type of radition may be emited : (imvolving 3 3 1o 10 5 of s, e mont aseal weighing containee is spc.
when a radioisotope decays. The main radioisotopes used in chemistry and il glaned paper, provided that the chemicats do not remct with the paper
their properties are listed in Table 35.2. A creased square of glazed paper is “tared" on the balance pan and the solid
weighed out directly onto it. The chemical can then be allowed to flow down
the crease into the vessel (Fig. 9.5). Furthermore, when atiempting to transfer
small amounts of solid in vessels with narrow-bore

electrons “shuffle’ about in the atom (as with 1) and it frequently
involves electron emission

© Gamma emission. Internal transition involves the emission of electromag-
netic radiation in the form of gamma (y) rays from a nucleus in a metastable
state and always follows initial alpha or beta decay. Emission of gamma
radiation leads to no further change in atomic number or mass.

olledglazed paper

Table 35.1 Types of radioactivity and their properties.

eround-glass joints (see

Range of maximum  Penetration range  Suitable sk p.98)itis important not to allow the solid to contact the joint, because the joint
Radiation  energies (MeV*)  in air (m) material will not seal correctly. Use a filter funnel or roll a piece of glazed paper into
Aphaa) 48 0.025-0.080 Unnecessary a funnel, insert the stem of the paper funnel to below the joint and then run in

the solid from the creased weighing paper (Fig.9.6). Paper used in this manner
Betalp) 0013 0.150-16 Plastic (e.g. Perspex)

Fig.9.6 Transfering a solid 1o anarrownecked  is much cheaper than proprietary weighing dishes and is a useful method of
Gamma (y) 0033 13131 Lead flask. recycling out-of-date manufacturers’ catalogues!

*Note that 1 MaV = 1.6 x 1
+ Distance at which radiation intensity is reduced to half 80 Fundamental laboratory techniques
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Worked examples and ‘How to’ boxes
set out the essential procedures in a
step-by-step manner.

Examples are included in the margin to illustrate important
points without interrupting the flow of the main text.
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Chromatography

100% dimethysioxane:

eparatons soivents, petroleun products, lc
I names; DB-1, HP-1, s

the st polar bonded phase. Used fo boiing point

Figures are used to illustrate "

key points, techniques and
equipment.

o) @

32.11 Sample injection in GC. (a) Fill the syringe, (b) wipe clean the
outside of the syringe needle, (c) place the syringe needle into the injector
and (d) depress the plunger on the syringe to inject the sample.
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Fig. 32.10 Sample introduction in GC: (a) splitisplitless injector; (b) on-column injector.

Sl units and their use

Precipitation titrations

Box 4.2 How to interconvert Sl units

Example: You are required to caloulate the molecular
weight of a powmev by measurements of its osmotic
pressure in solution. At infinite dilution, measured

2.

Table 28.2 Selected
itation titrations.

Analyte
Look at the units and decide which are common:

since the gas constant is expressed in joules, you cr.8r
should convert the osmotic pressure term into lau\es

Comments

Mohr method: Ag,CrO, used
as end-point

lications of precip- 3. Fa .

. which involves the adsorpt

of acoloured ind

jor onto

the precipitate at the end-point, resulting in a colour change. During this
adsorption process a change oc
of colour, The indicators used for thi
cein or eosin. The

(Fig. 28.2) (this

s in the indicator resulting in a change
are often anionic dyes, e.g. fluores-

areenish yellow in solution but changes colour to pink

Definitions

STP - Standard Temperature and
Pressure = 29315 K and 101325Pa (or
101.325 kPa or 0.101 325 M Pa).

Sources for further study

Anon.(ZOUU)Th: NIST Reference on Constants, Unitsand ~ Anon. (2014). Measurement units: the SI. Available:
: dcs.nist. bipm. s

‘The SI unit is the kelvin, K. The degree Celsius scale has units of the same
magnitude, °C, but starts at 273.15 K, the melting point of ice at STP. Temper-
ature is similar o time in that the Celsius scale is in widespread use, but note
that conversions to K may be required for calculations. Note also that you must
not use the degree sign (°) with K and that this symbol must be in upper case
to avoid confusion with k for kilo; however, you should retain the degree sign
with °C to avoid confusion with the coulomb, C.

Interconversion of SI units

You will find that the use of SI units simplifies mathematical manipulations
and ensures that you obtain the correct units for the parameter being calculated.
Remember thatyou st comert al unis it the apropriate S1unit, .,
masses must be expressed as kg, volumes as m® and concentrations as
or mol m™, etc., and !hu! you may need to use alternatives in derived units
(Tuble 4.2). The appl

of these principles is shown in Box

md h

Last mmed 05/01/16.

Anon. Measurement_units,
reference/measurement-units/
Last accessed 05/01/16.

44 The investigative approach

Available: www.npl.co.uk/

W
Last accessed 05/01/16.

[Online information includes the ST brochure: The
International System of Units (SI), 9th edn (draft).]
Blackman, A. and Gahan, L. (2014) Aylward and Findlay's
SI Chemical Data, 7th edn. John Wiley & Sons Ltd,

Chichester.

Sources for further study — every chapter is
supported by a section giving printed and electronic

sources for further study.

grahicalyfrom Your experiments, the aquation below  The darved it fo préssute 1o N m e the B 1 AsO; Volhard method: precipitats when it is adsorbed on AgC)
lies: derived uit for N are . the fl derivod unitof removal Is unnocessary y . N
resoure e (1 mT) £ e Selected examples of precipitation titrations are shown in Table 28.2.
n_AT P CI,CN,  Volhard method: precipitate
<M 3. Substitute the units into the equation for M: coi remova is require
where I1 = osmotio prssure at infinte dilution (Pa). _RTe_JK'mol'xKxkgm?® _ o s e
s constant (J K 'mol '), T = temperature (K), n Tms 9 Hehoroftuorestein and soan
= concentration of solution (ki m%)and M, = molecular
weight 4. Substitute the appropriate numerical values into the F Titrtion with ThiNO), to
equation for M;:  you know that the units of the cal- produce ThF,. End-point
1. Re-amange the equation for M culation will be correct since the molecular weight is detection with alizarin rod §
AT, the weight of 1 mole of polymer, expressed in kg ‘Adapted from: Quanitative Cherical Analysis,
M= it odn, D.C. Haris, W, Freeman, NewYork
(1995), . 176
Temperature

Sources for further study

Christian, G.D., Dasgupta, PK. and Schug, K.A. (2014)
Analytical Chemistry, 7th edn. John Wiley & Sons Lid,
Chichester.

Harris, D.C. (2010) Quantitative Chemical Analysis, 8th
edn. WH. Freeman Co., New York.

Jander, G.,Jahr, K.-F., Schulze, G. and Simon, . (2009) Volu-
meric Analysis, 17th edn. Walter de Gruyter Tnc., Germany.

Mendham, J., Denney. R.C., Barne:
M.IK. (2000) Vogel's Textbook of Quantitative

Chemical Analysis, 6th edn. Prentice Hall, Harlow,
Essex.
MuPhcnon, P.(2014) Practical Volumetric Analysis. RSC,
mbridge.

Rubinson, J.F. and Rubinson, KA. (2003) Contemporary
Chemical Analysis. Pearson, Harlow, Essex.

Skoog, D.A., West, D.M., Holler, FJ. and Crouch, S.R.
(2014) Fundamemah u/mmbnmr Chemistry, 9th edn.
Brooks Cole, Belmont,

28.1 You are a major manufacturer of fireworks and
you suspect that your bulk supplier of potas-
sium nitrate, a white crystalline solid, has
been adulterating the potassium nitrate with
salt to increase his profits. Your analysis of the
‘potassium nitrate’ gave the following results

‘potassium nitrate’ (4.0124 g) was dissolved
in water and made up to 250.00 mL. This solu-
tion (25.00 mL) required silver nitrate solution
(10.3 mL; 0.1 M) for equivalence using dichlor-
ofluorescein as indicator. Calculate the % (wiw)
saltin the ‘potassium nitrate’.
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Study exercises are included in every chapter to
reinforce learning with problems and practical exer-

cises.



http://physics.nist.gov/cuu/units/index.html
http://www.npl.co.uk/reference/measurement-units
http://www.bipm.org/en/measurement-units/Last
http://physics.nist.gov/cuu/units/index.html
http://www.npl.co.uk/reference/measurement-units

This book aims to provide guidance and support over the
broad range of undergraduate courses, as well as some
postgraduate courses, including laboratory classes, project
work, lectures, tutorials, seminars and examinations, as
outlined below:

Chapters 1-7 (The investigative approach)

Introduce the initial key aspects of all laboratory work.
Specifically, the essentials of all practical work, health and
safety aspects (Risk Assessment and COSHH), making
measurements, S| Units and their use, scientific method
and design of experiments, making notes of practical exer
cises and project work.

Chapters 8-12 (Fundamental laboratory
techniques)

Cover all aspects of laboratory procedures including work-
ing with liquids, solution chemistry and pH and buffer solu-
tions.

Chapters 13-28 (Laboratory techniques)

Introduce all the basic laboratory techniques for use
in chemistry. Their contents range from basic tech-
nigues used in synthetic chemistry (e.g. melting point,
recrystallisation, solvent extraction, distillation, reflux and
evaporation) through to more advanced areas (e.g. inert
atmosphere techniques and combinatorial chemistry). In
addition, classical techniques for qualitative inorganic analysis
are covered as well as quantitative approaches (including
gravimetry, molecular formulae and titrimetry techniques).

Chapters 29-40 (Instrumental techniques)

Cover essential relevant analytical instrumental techniques
from the analysis of molecules (basic spectroscopy), ele-
mental analysis (atomic spectroscopy, X-ray fluorescence

spectroscopy), to separation techniques (chromatography
and electrophoresis), to electrochemistry, use of radioiso-
topes and structural techniques (infrared spectroscopy, nu-
clear magnetic resonance spectrometry, mass spectrome-
try, X-ray diffraction and thermal analysis).

Chapters 41-57 (IT, internet and data
analysis)
Cover all aspects of data, from finding useful and relevant

information to solving a problem to useful references on
‘how to' perform statistical tests.

Chapters 58-65 (Study and examination
skills)

Focus on the specific skills that will allow you to work ef-
fectively to achieve optimum success during your course
and beyond.

Chapters 66-71 (Communicating
information)

Are key to success in chemistry; these chapters provide
the essential components that you need to consolidate or
improve upon to succeed.

Study exercises

Provide a valuable resource to allow you to practice and
revise key aspects of selected chapters. Answers are
provided at the back of the book. For numerical exercis-
es, the working out is also provided, as well as the final
answer. In some cases, the answer is in the form of tips
to allow you to investigate further or provide the direc-
tion for a suitable answer.

We hope that you find this book a useful resource
throughout your chosen course, and beyond.
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We are grateful to the following for permission to repro-
duce copyright material:

EPSRC funded National Chemical Database Service hosted
by the Royal Society of Chemistry; MassBank: a public repos-
itory for sharing mass spectral data for life sciences; North-
umbria University for the Risk Assessment, COSHH (short)
and COSHH (extended) forms; and, Sigma Aldrich Ltd. for
Hazards Statements, Precautionary Statements, Pictograms
— hazard codes and MSDS for phenol (as an example).

While every effort has been made to trace the own-
ers of copyright material, in a few cases this has proved
impossible and we take this opportunity to offer our apol-
ogies to any copyright holders whose rights we may have
unwittingly infringed.

Figures

Figure 2.4 from P Statements, http://www.sigmaaldrich.
com/help-welcome/hazard-and-precautionary-statements.
html, reproduced with permission from Merck; Figure 2.5
from www.sigmaaldrich.com, reproduced with permis-
sion from Merck; Figure 33.11 from Protein concentration
by precipitation with pyrogallol red prior to electropho-
resis, Electrophoresis (Marshall, T., Abbott, N.J., Fox, P,
and Williams, K.M. 1995), Courtesy of Marshall, T. and
Williams, K.M., International Electrophoresis Society,
reproduced with permission of John Wiley & Sons Inc. via
Copyright Clearance Center; Figures 33.13, 33.14 from
http://www.beckmancoulter.com/products/splashpage/
chiral38/default.asp/, Copyright © 1909-2002, Beckman
Coulter, Inc.

Screenshots

Screenshots 44.1, 44.2, 44.3 from http://cds.rsc.org,
reproduced with permission from the Royal Society of

Chemistry; Screenshots 44.4, 44.5 from www.rsc.org/
merck-index, reproduced with permission from the Royal

Society of Chemistry; Screenshots 44.6, 44.7 from www.

chemspider.com, reproduced with permission from the
Royal Society of Chemistry; Screenshots 44.10, 44.11
from http://www.massbank.jp/, reproduced with permis-
sion of MassBank Project.

Tables

Table 2.1 from http://www.sigmaaldrich.com/help-
welcome/hazard-and-precautionary-statements.html,
reproduced with permission from Merck; Table 2.4 from P
Statements, http://www.sigmaaldrich.com/help-welcome/
hazard-and-precautionary-statements.html, reproduced
with permission from Merck; Table 44.4 from http://
usefulchem.wikispaces.com/EXP284, McBride, M.J. and
Bradley, J.C., work was completed using Open Notebook
Science under the supervision of the late Dr. Jean-Claude
Bradley.

Picture Credits

The publisher would like to thank the following for their
kind permission to reproduce their photographs:

(Key: b-bottom; c-centre; I-left; rright; t-top)

123RF.com: Vitaliy Malievsky 240b; John Dean: 175/20.2,
240t1/30.21, 247/31.8, 247/31.9, 248/31.13, 248br/31.14,
272/32.24, 316/35.5; Science Photo Library Ltd: Klaus
Guldbrandsen 274t; Shutterstock.com: Strelch 240bl
/30.22

All other images © Pearson Education
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CE
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CoV
CRM
CW
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atomic absorption spectroscopy
affinity chromatography
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boiling point
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HTML
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IEC
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IR

ISE
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electroosmotic flow
electrospray ionisation

Faraday constant

flame atomic absorption spectroscopy
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Fourier transform

Fourier transform—infrared spectroscopy

gas chromatography
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Planck constant
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Developing practical skills — these will
include:

e designing experiments

observing and measuring

recording data

analysing and interpreting data
reporting/presenting.

~
SAFETY NOTE Mobile phones -
these should never be used in a lab
class, as there is a risk of contamination
from hazardous substances. Always
switch off your mobile phone before
\entering a laboratory.

N\

Using textbooks in the lab - take this
book (or photocopies of relevant pages)
along to the relevant classes, so that
you can make full use of the informa-
tion during the practical sessions.

SAFETY NOTE If in doubt over any
part of the practical procedure — ASK!
There is no such thing as a silly ques-
tion in the laboratory.

Presenting results — while you don’t
need to be a graphic designer to pro-
duce work of a satisfactory standard,
presentation and layout are important
and you will lose marks for poorly pre-
sented work.

All knowledge and theory in science has originated from practical observation
and experimentation: this is equally true for chemical disciplines as diverse as
analysis and synthesis. Laboratory work is an essential part of all chemistry
courses and often accounts for a significant proportion of the assessment marks.
The skills and abilities developed in practical classes will continue to be useful
throughout your course and beyond, some within science and others in any
career you choose (see Chapter 58).

Being prepared

KEY POINT You will get the most out of laboratory work if you
prepare well. Do not go into a practical session assuming that
everything will be provided, without any input on your part.

The main points to remember are:

e Read any handouts in advance: make sure you understand the purpose
of the practical and the particular skills involved. Does the practical relate
to, or expand upon, a current topic in your lectures? Is there any additional
preparatory reading that will help?

o Take along appropriate textbooks, to explain aspects in the practical.

e Consider what safety hazards might be involved, and any precautions
you might need to take, before you begin (p. 6).

e Listen carefully to any introductory guidance and note any important
points: adjust your schedule/handout, as necessary.

e During the practical session, organise your bench space — make sure your
lab book is adjacent to, but not within, your working area. You will often find
it easiest to keep clean items of glassware, etc., on one side of your working
space, with used equipment on the other side.

e All chemical waste (solid or liquid) should be disposed of in the
appropriate containers provided (consult the demonstrator or lecturer-
in-charge).

e Write up your work as soon as possible and submit it on time or you may
lose marks.

e Catch up on any work you have missed as soon as possible — preferably
before the next practical session.

Basic requirements

Recording practical results

An A4 loose-leaf ring binder offers flexibility, since you can insert laboratory
handouts, and lined and graph paper, at appropriate points. The danger of losing
one or more pages from a loose-leaf system is the main drawback. Bound books
avoid this problem, although those containing alternating lined/graph or lined/
blank pages tend to be wasteful — it is often better to paste sheets of graph paper
into a bound book, as required.

The investigative approach 3



Essentials of practical work

Presenting results — layout and pres-
entation of work are important. Ensure
that the information presented is legi-
ble. You will lose marks for poorly pre-
sented work. Chapter 6 gives further
practical advice.

Using calculators for numerical
problems - Chapter 6 gives further
advice.

Using calculators — take particular care
when using the exponential key ‘EXP’
or ‘EE’. Pressing this key produces
10s°mething  Eor example, if you want
to enter 2 X 1074, the order entry is 2,
EXP, —, 4 not 2, X, 10, EXP, —, 4.

Using inexpensive calculators — many
unsophisticated calculators have a
restricted display for exponential num-
bers and do not show the ‘power of 10/,
e.g. displaying 2.4 X 107° as 2.47%, or
2.4E-05, or even 2.4-05.

Presenting graphs and diagrams -
ensure these are large enough to be
easily read: a common error is to pres-
ent graphs or diagrams that are too
small, with poorly chosen scales (see
p. 453).

4 The investigative approach

All experimental observations and data should be recorded in a notebook
in ink at the time they are made because it is easy to forget when you are busy.

A good-quality HB pencil or propelling pencil is recommended for making
diagrams, etc. as mistakes are easily corrected with a vinyl eraser. Buy a black,
spirit-based (permanent) marker to label experimental glassware, sample tubes,
etc. Fibre-tipped fine line drawing/lettering pens are useful for preparing final
versions of graphs and diagrams for assessment purposes. Use a clear ruler
(with an undamaged edge) for graph drawing, so that you can see data points/
information below the ruler as you draw.

Calculators

These range from basic machines with no pre-programmed functions and only
one memory, to sophisticated programmable minicomputers with many mem-
ories. Note: Many university departments specify a particular make and model
of calculator for use in examinations. It is important that you purchase and
become familiar with the use of this calculator. The following may be helpful
when using a calculator:

e Power sources. Choose a battery-powered machine, rather than a mains-
operated or solar-powered type. You will need one with basic mathematical/
scientific operations including powers, logarithms (p. 472), roots and paren-
theses (brackets), together with statistical functions such as sample means
and standard deviations (Chapter 53).

e Mode of operation. Calculators fall into two distinct groups. The older
system used by, for example, Hewlett Packard calculators is known as the
reverse Polish notation: to calculate the sum of two numbers, the sequence
is 2 [enter] 4 + and the answer 6 is displayed. The more usual method of
calculating this equation is as 2 + 4 =, which is the system used by the
majority of modern calculators. Most newcomers find the latter approach
to be more straightforward. Spend some time finding out how a calculator
operates, e.g. does it have true algebraic logic (,/ then number, rather than
number then |)? How does it deal with scientific notation (p. 471)?

e Display. Some calculators will display an entire mathematical operation
(e.g. ‘2 + 4 = 6°), while others simply display the last number/operation.
The former type may offer advantages in tracing errors.

e Complexity. In the early stages, it is usually better to avoid the more com-
plex machines, full of impressive-looking, but often unused preprogrammed
functions — go for more memory, parentheses or statistical functions rather
than engineering or mathematical constants. Programmable calculators may
be worth considering for more advanced studies. However, it is important to
note that such calculators are often unacceptable for exams.

Presenting more advanced practical work

In some practical reports and in project work, you may need to use more
sophisticated presentation equipment. Word processing may be essential and
computer-based graphics packages can be useful. Choose easily read fonts
such as Arial or Times New Roman for project work and posters and consider
the layout and content carefully (p. 601). Alternatively, you could use fine line
drawing pens plus dry-transfer lettering and symbols, such as those made by
Letraset®, although this approach is usually more time consuming and less
flexible than computer-based system, e.g. using Microsoft Excel.



Essentials of practical work

The use of Microsoft PowerPoint® as a presentation package is common
place. It is common to find a computer and presenter available for student use.
Advice on content and presentation is given in Chapter 68.

Printing on acetates — standard over-
head transparencies are not suitable for
use in laser printers or photocopiers:
you need to make sure thatyou use the
correct type.

Source for further study

Bennett, S.W. and O’Neale, K. (1999) Progressive Devel-
opment of Practical Skills in Chemistry. A guide to
early-undergraduate experimental work. Royal Society
of Chemistry, Cambridge.

Overton, T., Johnson, S. and Scott, J. (2015) Study and
Communication Skills for the Chemical Sciences,
2nd edn., Oxford University Press, Oxford.

1.1 Consider the value of practical work. Spend afew 1.3 Check your calculator skills. Carry out the fol-

1.2

minutes thinking about the purpose of practical
work within a specific part of your course (e.g. a
particular firstyear module) and then write a list of
the six most important points. Compare your list

lowing mathematical operations, using either
a hand-held calculator or a PC with appropriate
‘calculator’ software.

. L . (a) 5 X (2 + 6)
Wlth th.e generic list we have .prowded on p. 602, (b) 8.3 = (6.4 — 1.9)] X 24 (to 4 significant
which is based on our experience as lecturers — T

does it differ much from your list, which is drawn
up from a student perspective?

Make a list of items required for a particular prac-
tical experiment. This exercise is likely to be most
useful if you can relate it to an appropriate prac-
tical session on your course. However, we have
given a model list for a recrystallisation of an
impure compound from water as an example.

(c) (1 =+ 32) X (5 + 8) (to 3 significant figures)

(d) 1.2 X 10%° + 4.0 X 10* in scientific notation
(see p. 471)

(e) 3.4 x 1072 — 2.7 X 10 % in ‘normal’ notation
(i.e. conventional notation, not scientific for-
mat) and to 3 decimal places.

(See also numerical exercises in Chapter 51)

The investigative approach
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Health and Safety Legislation — in the
UK, the Health and Safety at Work Act
1974 provides the main legal framework
for health and safety. The Control of Sub-
stances Hazardous to Health (COSHH)
Regulations 2002 impose specific legal
requirements for risk assessment wher-
ever hazardous chemicals or biological
agents are used, with Approved Codes
of Practice for the control of hazardous
substances, carcinogens and biological
agents, including pathogenic microbes.

Definitions

Hazard - the potential of a substance to

cause harm.

Risk — the likelihood that a substance

will harm you and the severity of harm
\in the actual circumstances of use.

J/

6 The investigative approach

Health and safety law requires institutions to provide a working environment
that is safe and without risk to health. Where appropriate, training and informa-
tion on safe working practices must be provided. Students and staff must take
reasonable care to ensure the health and safety of themselves and of others, and
must not misuse any safety equipment.

KEY POINT All practical work must be carried out with safety
in mind, to minimise the risk of harm to yourself and to others -
safety is everyone’s responsibility by law.

Risk assessment

A risk assessment is a systematic approach to hazard identification and control.
It is essential to consider what aspects of a laboratory activity can cause injury
to people and then to introduce control measures that will reduce the risk of
injury to an acceptable level. Important aspects to consider are:

e Substance hazards

e How the substance is to be used
e How it can be controlled

e Who is exposed

e How much exposure

e The duration of exposure

KEY POINT It is important to distinguish between the HAZARD
of a substance and the RISK resulting from exposure.

The risk assessment process

The five step process requires you to:

1. Identify the hazards and risk: One way to do this is by using ‘PEME,
i.e. People, Equipment, Materials and Environment.

a. ‘People’ hazards can cover a range of issues including the individual
themselves and the systems that people have to use. In this ‘people’
context consider the following terms: training, capabilities/restrictions,
supervision, communication, adequate numbers and human error.

b. ‘Equipment’hazards relate to the equipment to be used; it will also
consider related aspects of the equipment including repair, mainte-
nance, handling, storage, cleaning and operation of the equipment.

c. ‘Materials’ hazards cover any liquid, solid or gas associated with
the task. This aspect also covers any by-products or waste generated
by the activity.
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splash

or
absorption

absorption
(dermal) from
spillage

Fig. 2.1 Major routes of entry of harmful

substances into the body.

SAFETY NOTE

Protective clothing is worn as a first
barrier to spillage of chemicals on to
your body.

Lab coats are for protection of you and
your clothing.

Eye protection special spectacles with
side pieces to protect you from your
own mistakes and those of your col-
leagues. If you wear spectacles, eye
protection with prescription lenses
and side pieces is available from your
optician, an expensive but worthwhile
investment. Otherwise goggles can be
worn over spectacles.

Contact lenses should not be worn in
the laboratory. Chemicals can get under
the lens and damage the eye before the
lens can be removed. It is often very dif-
ficult to remove the contact lens from
the eye after a chemical splash.

Shoes should cover the feet: no open-
toed sandals, for example.

Long hair should be tied back and hats
(e.g. baseball caps) should not be worn.

J/

3.

d. ‘Environment’ hazards relate to the surrounds you are working in.
Examples include poor lighting, heating and ventilation, poor access
and egress, tripping/slipping hazards, restricted space/visibility and
other activities taking place nearby.

Identify who can be harmed and how: Who — Athough a task may
seem to be well managed, if control measures fail then a whole range of
people could be injured, e.g. co-lab workers in the area or people visiting
the area. Your risk assessment should consider all those people who could
potentially be harmed if the control measures fail. How — the five routes of
chemical exposure (Fig. 2.1) are: inhalation — breathing in small particles
or chemical vapours is the most common exposure pathway; dermal —
some chemicals can be absorbed into the body; ingestion — inadvertent
hand-to-mouth transmission; intravenously — improper use of needles/
glass pipettes and their disposal can lead to inadvertent exposure; eye
contact — rubbing your eyes after chemical exposure with your hands (with
or without gloves).

Identify the current controls and decide if more is required

a. Identify the control measures currently in place for each hazard
you have identified i.e. physical controls (i.e. local exhaust ventila-
tion); procedural controls (i.e. a safe working procedure for the task);
and behavioural controls (i.e. adequate supervision and monitoring of
behaviour).

b. Identify the risks and decide on precautions — a risk matrix anal-
ysis. A risk analysis is a qualitative estimate of risk associated with
each applicable risk; it assumes that the planned or existing controls
are in place. Box 2.1 shows you how to undertake a risk matrix anal-
ysis. The risk matrix evaluates the risk by allocating a numeric risk
level and the tolerability of the hazard.

Record your findings — you will need to record your assessments. You
will need to:

a. state clearly what task/activity the risk assessment covers
b. ensure that the hazards and controls are clearly listed
c. consider all those people who could potentially be harmed

d. ensure that the appropriate member of staff signs off the assessment
(e.g. technical demonstrator; lecturer-in-charge; project supervisor)

e. make sure the completed risk assessments are readily available to
those who might need them (e.g. module tutor).

Review as necessary. Risk assessments should be reviewed on a regular
basis. The period of review should reflect the hazards: the greater the
hazards the more frequent the review. The risk assessments should also be
reviewed, if for example, the experiment is modified in any way.

The investigative approach 7
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Box 2.1 How to perform a risk matrix analysis

A risk matrix analysis allows you to prioritise the likeli-
hood and severity of risk to an individual from the hazard
identified.

1.

Using the form in Fig. 2.2 conduct a COSHH assess-
ment of the chemical to be used in a practical labo-
ratory class. If the Signal word is DANGER then the
extended COSHH form should be used (Fig. 2.3).

First consult the Material Safety Data Sheet (MSDS)
supplied; all manufacturers of hazardous chemicals
are required to provide one of these sheets for all
products which they sell.

Consult the Hazard pictograms (Fig. 2.4) for visible
relevant information. In addition, H (hazard) state-
ments (Table 2.1) and P (precautionary) statements
(Table 2.2) are available on MSDS sheets and/or
at: http://www.sigmaaldrich.com/help-welcome/
hazard-and-precautionary-statements.html. Enter
the compound name in the search facility, then click
‘MSDS’ at the appropriate product line.

Assess the ‘likelihood’ of harm coming to pass
given the amount/nature of substance used, the

7

environment / manner it is used in; in the absence of
any specific control measuresyou should indicate the
highest likelihood among the various risks (Table 2.3).

Assess the ‘severity’; this should be substance-spe-
cific rather than activity-specific. This should relate
directly to the information provided on the MSDS
sheet (provided by the manufacturer); use the high-
est severity assessment among the various risks
(Table 2.3).

Then, calculate the risk rating using the risk matrix
(Table 2.4). The risk is calculated by multiplying the
likelihood by the severity before any control meas-
ures additional to Good Laboratory Practice (GLP)
/ Personal Protective Equipment (PPE) — laboratory
coat and safety glasses are factored in. This calcula-
tion of risk should quote the highest risk associated
with the substance (i.e. what is the most dangerous
feature of the substance).

You are aiming to reduce the likelihood to as close to
1 as you can get (e.g. by performing the experiment
in a fume cupboard).

All manufacturers of hazardous chem-
icals are required to provide a Material
Safety Data Sheet, or MSDS. The MSDS
will contain the following information:

Manufacturer

Name of Chemical

Chemical Components

Hazards Associated with the Product
First Aid Measures

Fire Fighting Measures

Handling and Storage

Accidental Release Procedures
Exposure Control and Personal
Protection

Physical and Chemical Properties
Stability and Reactivity
Toxicological and Ecological
Information

Disposal Practices

Other miscellaneous information

The investigative approach

An example MSDS sheet for phenol is shown in Fig. 2.5. In addition, an exam-
ple of a completed COSHH form for phenol is shown in Fig. 2.6. In addition,
as the Signal word is Danger an extended COSHH form (Fig. 2.3) would be
required to be completed.

Hazard statements — There are 72 individual and 17 combined Hazard state-
ments (Table 2.1). Each one of them is assigned a unique alphanumerical code
which consists of one letter and three numbers as follows:

e the letter ‘H’ (for ‘hazard statement’);

e anumber designating the type of hazard: ‘2’ for physical hazards; ‘3’ for
health hazards; and ‘4’ for environmental hazards; and finally,

e two numbers corresponding to the sequential numbering of hazards aris-
ing from the intrinsic properties of the substance or mixture, i.e. explosive
properties (codes from 200 to 210), flammability (codes from 220 to
230), etc.

Precautionary statements — There are 116 individual and 33 combined Pre-
cautionary statements (Table 2.2). These are assigned a unique alphanumerical
code which consists of one letter and three numbers as follows:

e the letter “P” (for ‘precautionary statement’);


http://www.sigmaaldrich.com/help-welcome/hazard-and-precautionary-statements.html
http://www.sigmaaldrich.com/help-welcome/hazard-and-precautionary-statements.html
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e one number designating the type of precautionary statement: ‘1’ for gen-
eral precautionary statements; ‘2’ for prevention precautionary statements;
‘3’ for response precautionary statements; ‘4’ for storage precautionary
statements; and, ‘5’ for disposal precautionary statements; and finally

e two numbers (corresponding to the sequential numbering of precaution-
ary statements).

Experiment title:

Print name of assessor: ..........cccooccvviecenn Signature of assessor: ..........ccccvvveenn Date: .....ccoveevennenne.
Hazard .
L Specific
Key Signal Risk Controlled
ikeli g (before
Substance | H Statement ::;:;?;ts;d Word? Likelihood | Severity additional Control ek
with the control Measures
substance measures)

Emergency Procedures (in event of
Substance P Statement | Storage spillage, fire etc.) Disposal

Give specific detail:

Fig. 2.2 Control of Substances Hazardous to Health (COSHH) form
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