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Analytical Chemistry

This series of texts is a result of an initiative by the Committee of
Heads of Polytechnic Chemistry Departments in the United King-
dom. A project team based at Thames Polytechnic using funds avail-
able from the Manpower Services Commission ‘Open Tech’ Project
has organised and managed the development of the material suit-
able for use by ‘Distance Learners’. The contents of the various
units have been identified, planned and written almost exclusively
by groups of polytechnic staff, who are both expert in the subject
area and are currently teaching in analytical chemistry.

The texts are for those interested in the basics of analytical chemistry
and instrumental techniques who wish to study in a more flexible-
way than traditional institute attendance or to augment such atten-
dance. A series of these units may be used by those undertaking
courses leading to BTEC (levels IV and V), Royal Society of Chem-
istry (Certificates of Applied Chemistry) or other qualifications. The
level is thus that of Senior Technician..

It is emphasised however that whilst the theoretical aspects of ana-
lytical chemistry can be studied in this way there is no substitute for
the laboratory to learn the associated practical skills. In the U.K.
there are nominated Polytechnics, Colleges and other Institutions
who offer tutorial and practical support to achieve the practical ob-
jectives identified within each text. It is expected that many institu-

tions worldwide will also provide such support. ‘

The project will continue at Thames Polytechnic to support these
‘Open Learning Texts’, to continually refresh’and update the mate-
rial and to extend its coverage..

Further information about nominated support centres, the material

or open learning techniques may be obtained from the project office -

at Thames Polytechnic, ACOL, Wellington St., Woolwich, London
-SE18 6PF.
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How to Use an
Open Learning Text

Open learning texts are designed as a convenient and flexible way of
studying for people who, for a variety of reasons cannot use conven-
tional education courses. You will learn from this text the princi-
ples of one subject in Analytical Chemistry, hut only by putting this
knowledge into practice, under professional supemslon will you
gain a full understanding of the analytical techniques described.

‘To achieve the full benefit from an open learmng text you need to
plan your place and time of study

¢ Find the most suitable place to study where you can work without
disturbance.

® If you have a tutor supervising your study discuss with hlm or
her, the date by which you should have completed this text.

® Some people study perfectly well in irregular bursts, however
most students find that setting aside a certain number of hours
each day is the most satisfactory method. It is for you to decnde
which pattern of study suits you best

¢ If you decide to study for several hours at once, take short breaks -
of five or ten minutes every half hour or so. You will find that
this method maintains a higher overall level of concentration.

Before you begin a detailed reading of the text, familiarise yourself
with the general layout of the material. Have a look at the course
contents list at the front of the book and flip through the pages to get
a general impression -of the way the subject is dealt with. You will
find that there is space on the pages to make comments alongside the
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X . ~Analytical Chemistry

text as you study—your own notes for highlighting points that you
feel are particularly important. Indicate in the margin the points you
~would like to discuss further with a tutor or fellow student. When
you come to revise, these personal study notes will be very useful.

I1 When you find a paragraph in the text marked with a symbol
such as is shown here, this is where you get involved. At
this point you are directed to do things: draw graphs, answer
questions, perform calculations, etc. Do make an attempt at
these activities. If necessary cover the succeeding response
with a piece of paper until you are ready to read on. This is
an opportunity for you to learn by participating in the subject
and although the text continues by discussing your response,

_ there is no better way to learn than by working thmgs out
for yourself

We have introduced seif assessment questions (SAQ) at appropriate
places in the text. These SAQs provide for you a way of finding out
if you understand what you have just been studying. There is space
on the page for your answer and for any comments you want to
add after reading the author’s response. You will find the author’s
response to each SAQ at the end of the text. Compare what you
have written with the response provided and read the discussion
and advice.

At intervals in the text you will find a Summary and List of Objec-
tives. The Summary will emphasise the important points covered by
the material you have just read and the Objectives will give you a
checklist of tasks you should then be able to achieve.

You can revise the Unit, perhaps for a formal examination, by re-
reading the Summary and the Objectives, and by working through
some of the SAQs, This should qu:ckly alert you to areas of the text
that need further study

At the end of the book you u will find for reference lists of commonly
used scientific symbols and values, units of measurement and also a
periodic table.




Study Guide

Consider the scope of the activities in which analytical chemists the
world around are engaged. The starting-point is usually that some-
one — we shall call him the client - is confronted with a situation.
It may be that the fish in a river are dying, that a chemical product
(perhaps a drug) is no longer being manufactured to its usual speci-
fication, or that there is a need to discover whether or not a fire was
the result of arson. The client decides, sooner rather than later, we
hope, that the situation would benefit from the involvement of an
analytical chemist. In discussion, analytical problems emerge, and
in the light of all the circumstances of the case, procedures and
methods suggest themselves for the solution of the problem.

The relationship between the client and the chemist is clear. The
client needs to make rational decisions. To do this, trustworthy
information is needed. Analytical chemists are not the only peo-
ple involved in providing help to such clients. However, when the
chemical aspects .of a situation have been identified, the informa-
tion given by the analytical chemist is of paramount importance. In
choosing the procedures and methods for the analysis, the chemist
will have taken into account matters such as the required sensmvxty
and accuracy of the analysis, The chemist must also be conterned
with questions such as whethér the analysis is being carried out on
samples which are representative of the whole. It may be that mean-
ingful information can be provided only if several samples are anal-
ysed. It may be good enough to carry out one detérmination on
each sample; alternatxvely, the client’s requirement with regard to
the uncertainty in a measurement may be such that several determi-
nations on each sample are needed. In making decisions about such
matters, the chemist relies heavily on that branch of mathematics:
known as statistics. The major purpose of this Unit is to introduce
you to the apphcatlon of statistical ideas in thé context of ana’lytlcal
chemistry. .

~\‘.‘|
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Xvi Analytical Chemistry

There are, however, three words in out Unit title - Measurement,
Statistics, and Computation. It is not our aim to introduce you to a
formal and rigorous exposition of statistical theory in the abstract.
Above all, analytical chemists are practical people. The great weight
of our expertise and experience is directed to the competent han-
dling of our sample, and then to subjecting it to a carefully selected
procedure for making measurements. Reaching that stage is the hard
job, but it is also important to ensure that we can extract the max-
imum benefit from our labours. This Unit is thus fundamentally
about drawing quantitative conclusions from experimental measure-
. ments, assessing the value of our results, and suggesting at times
additional work which might usefully be undertaken.

The methods of statistics give us the tools we need for this task.
In introducing you to these methods our aims will be threefold; that
you should:

(a) be able to apply a given test competently;
(b) understand clearly the issues addressed by a test;

(¢) develop, through practice, a ‘feeling’ for the significance of the
conclusions you reach.

We shall not be concerned with formal derivations, and we shall
keep mathematical manipulations to a minimum. Nor do we intend
to give an exhaustive survey of methods. The Unit concentrates on
helping you to obtain a good practical grasp of a limited, but useful,
range of methods. : ‘

The third word in our title is computation. The microcomputer rev-
olution is completely transforming our field of work, as it is ' many
- others. Analytical instruments are more and more commonly inter-
faced with computers. Quality control measurements are becoming
increasingly computer-automated. The quantity of analytical data
which we can expect to have to handle is increasing substantially.
Also, you will find, statistical manipulation can involve a lot of

rather tedious arithmetic, as well as a certain amount of intensive
~ activity scouring through tables. Much checking and re-checking is
required, to make sure that no slips in arithmetic have occurred.
This work lends itself admirably to a computer approach. Once our
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data is inside our computer, we can, with relative ease, perform a
variety of different tests, investigate the effects of rejecting suspect
measurements, or of including others, etc. So to study this Unit you
need access to a computer. We make no assumptions about which
computer, as there are very many different models of microcom-
puter, any of which will suffice. If you have your own machine at
home you have a head start. Otherwise you should arrange to obtain
access to a machine at work or at college. (An interactive terminal
linked to a mainframe computer, will, of course, also fill the bill).

If you have had no previous experience of computing, the last para-

graph may have come as a shock to you. But it needn’t. There are

no two ways about it, computers are becoming more and more sig-

nificant to our work. This Unit gives you an opportunity to make

a beginning. Our approach is to use the computer to extend rather
effortlessly your experience in applying the methods of statistics to

the analysis-of the results of measurement. At the same time, we use
our need to learn about statistics as a vehicle to help you to become
familiar with using a computer. It may be that you already have had
considerable experience with computers. Equally, it may be that you
have had none. To cope with both possibilities, our practical intro-
duction to using a machine is given in an Appendix.The time which
you will need to devote to studying that depends on your previous
experience. ’ :

Now just what previous knowledge do we expect of you, if you are
to undertake our foray into statistics and computation? The answer
is — very little! If you have a basis in mathematics up to GCE O-level
or equivalent, that will be quite adequate. The processes we have
to use are essentially arithmetical. The only other material which
you may need at hand for occasional reference is the user’s guide of
the micro-computer you use. There are many available text books
covering the area of interest to us, but the time to refer you to those
is when you have completed the Unit.

This does not necessarily mean that you will find the work easy. Un-
derstanding what exactly it is that you are doing in statistics requires
clear and careful thinking. Great pains must be taken to develop a
thorough insight into a number of concepts which on first acquain-
tance may be found quite confusing, For this reason we shall start
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slowly by discussing relatively familiar terms such as accuracy,.pre-
cision and errors; after this, we shall introduce statistical ideas such
as sample, population, confidence interval. Later in the Unit we shall
discuss matters such as correlation and regression. By then, we be-
lieve, you will be quite competent in the use of statistics in- ana]ytlca]
chemistry.

If you find the going easy to begin with, please don’t try to cut cor-
ners. Attempt all the exercises: that is most important. The danger
is that you may think you understand concepts which you may have
only grasped superficially. Working through examples, and checking
your responses, will help to ensure that this does not happen. Statis-
tics can be misused, and they often are, hence the famous maxim
about the three categories of lies - ‘lies, damned lies and statistics’. If
you understand statistical methods properly, and if you apply them
properly, they will never deceive you. On the contrary, statistical
methods provide the only basis for making a sure-footed evaluation
of a set of measurements. As for the computing, you really should
find that you can take it in your stride. If you are a beginner you
must be prepared to work through the Appendlx rather thoroughly.
You should then find it quite straightforward to tackle the compu-
tation in the main body of the Unit. You will qurte soon appreciate
what a useful tool the computer can be!

Because of the nature of the ground we are covering, the general
style of this Unit is a little different from most of the others in the
Analytical Chemistry series. You will find relatively fewer ‘normal’
SAQs, but that does not mean that you will be left as a passive
reader. On the contrary, much of the time the argument is developed.
by discussing specific examples. If you want to make a success of
your study it is important that you work through the details, and,
inter alia, check our arithmetic. This work supplements. the tasks
explicitly set for you in the text, in SAQ’s, and in computer exerc1ses

So to business! First tackle our Appendix, which is reprinted from
the Microprocessor Applications volume in this series. When you
have dealt with that you will be ready to start on the main body
of the Unit. It is important to study that in the order in whlch itis
presented As you start, ve wish you good luck!
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1. Accuracy and Precision

The symbol for the Society of Analytical Chemistry (SAC) contains
two words — ‘Accuracy and Precision’. To those not engaged in sci-
entific pr technological measurement it might be thought that the
SAC has made use of two words where one would have been suf-
ficient. To the layman the words accuracy and precision are inter-
changeable. To the analytical chemist, however, the two words have
quite different meanings. It is the purpose of this Part of the course
both to define and to give quantitative meaning to these terms. We
shall also investigate and classify various categories of error which
occur in experimental measurements. Let us make a start.

1.1. REPL]CATE MEASUREMENTS AND THE
ARITHMETIC MEAN

All chemists are aware that when we carry out determinations we
often do more than one measurement, ie we do replicate measure-
ments. Practically evéry student of chemistry first experiences this
in the context of titrimetric analysis. With this imind, we shall use
analytical results obtained by the titrimetric method as the basis for
the ensuing discussion.

"~ We start with the averaging of a series of replicate measurements.
The most commonly used averaging procedure is to calculate the
arithmetic mean. This is done by adding together individual values,
Xi, X2, ..., Xp for a series of measurements and dividing this sum
by the number of measurements, 7.

1
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In mathematical notation we give the arithinetic mean X, in equation
1.1. I

) i
Xi
x1 + x0 +x3 + .., + x i=
g = -7 3 2 = E (1.1)
] n

Let us put this relationship to use. Suppose that we had to determine
the alkali concentration of a solution and that in order to do so we
carried out five replicate titrations with standard acid Let us assume
that the values obtamed were: 20.02 cm?, 20.00 cm?, 20.02 cm?, 20.04
cm?, 20.02 cm?. Now, almost without thmkmg, we would use these
values to obtain the arithmetic mean of the titres (from now on
called the mean titre), ie

100.10
= — = 20.02 cm?

X =

i=n
20X
=1

n

This value would then be used in our calculations of the alkali con-
centration. For example, if the acid-base reaction had a 1:1 stoi-
chiometry, we would use

Mgycid Vacid

Malkali Vo
atkait

The question now arises. Why did we use the mean value in our
calculation? The simple answer is that we believe the mean value to
be the best estimate of the experimental titre. This is not the same
as saying that the mean value is closest to the true value, ie that
it gives the best result. It may well have been that the true alkali
concentration would have been obtained from a titre of 20.10 cm?.
This being so, we would have obtained a result closer to the truth
by using the highest expenmental titre (20.04 cm?), rather than the
mean titre, (20.02 cm?). However, we were in no position to pick
and choose from our titres: we were dealing with an unknown. All
that we had to work on was our. experimental results. Since there
was variation in these, we chose t6 work with the mean because we
believed it reflected better the results of our measurements. Without
wishing to labour the point, we repeat that the mean is used because
itis taken to be the best estimate of our experimental measurements.




