
Chapter 1
Introduction

Analytical chemistry pertains to the determination of the chemical composition of matter. It was
the main goal of analytical chemists. However, the identification of a substance, the elucidation

of its structure and quantitative analysis of its composition are the aspects covered by modern analytical
chemistry. The most difficult task for an analytical chemist is to explain what analytical chemistry is?
It is an interdisciplinary branch of science wherein a large number of research workers have contributed
to its development. For instance, most of the chromatographic methods were invented by biochemists,
or biological scientists, while methods like nuclear magnetic resonance and mass spectrometry were
discovered by physicists. A close look at the number of research papers published in journals indicate
that 60% of such papers are published by persons who are not hardcore analytical chemists. Although
a large number of research workers use these techniques of analysis in either inorganic, organic or bio-
chemistry, they do not like to claim themselves as analytical chemists for various reasons. One of the
principal reasons for such inhibition is the classical outlook of chemists who strictly followed the
cookery book approach towards methods of analysis and this practice continued specially in
pharmaceutical analysis using various specifications. The problem was further aggravated by extensive
application of wet analysis methods involving volumetric or gravimetric methods. These classical
methods of analysis have dominated the scene of analysis for the past few decades. Fortunately, with
the discovery of modern methods of analysis, mainly involving instruments, these methods have been
relegated. Nevertheless, these methods will not be phased out inspite of the greater advancement of
newer methods of analysis for the simple reason that the new methods have their own limitations. They
cannot be applied if the substance is present in very large concentration and further in order to
standardise the newer methods it is absolutely essential to use classical gravimetric or volumetric
methods of analysis. Another trend is to designate newer methods involving instruments as instrumental
methods of analysis, which is also false as classical methods involving use of burette, pipette or
weighing balance also involve instruments and can also be called as instrumental methods. In the present
circumstances when speed, simplicity and sensitivity of analysis are of utmost importance, it is better
to categorise such methods as modern methods of analysis instead of instrumental methods of analysis.

1.1 IMPORTANCE OF ANALYTICAL CHEMISTRY

No other branch of science finds so many extensive applications as analytical chemistry purely for
two reasons: Firstly, it finds numerous applications in various disciplines of chemistry such as
inorganic, organic, physical and biochemistry and secondly it finds wide applications in other fields
of related sciences such as environmental science, agricultural science, biomedical and clinical
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chemistry, solid state research and electronics, oceanography, forensic science and space research.
It would be worthwhile to consider an example in each area of research e.g. in environmental science
the monitoring of SO2, CO, and CO2, can be done by fluorescence or infrared spectroscopy while
analysis of dissolved oxygen or chlorine from water can be carried out by potentiometry or
colourimetry. The analysis of pesticides or insecticides from crops is done by gas chromatography
or high performance liquid chromatography, or ascertaining the ratio of potassium to sodium in
fertilisers by atomic absorption or flame emission methods. There are instances of the use of analytical
chemistry in agricultural sciences. The analysis of micronutrients such as iron, copper, zinc,
molybdenum, boron and manganese by spectrophotometry is another example. In the field of
biomedical research and clinical chemistry, one can cite several examples like spectral analysis of
barbiturates, food poisons, presence of vanadium and arsenic in hair and nails. The spectra of cobalt
in vitamin B12, iron in haemoglobin of blood after their isolation by electrophoresis or gel
permeation. In the field of electronics the analysis of traces of elements such as germanium in
semiconductors and transistors, determination of selenium and caesium in photocells is quite possible
by newer methods like spectroscopy or neutron activation analysis. In the field of oceanography,
earth sciences and planetary sciences, analytical chemistry is extensively used. The chemical analysis
of sea water; or analysis of basaltic rocks for presence of manganese and aluminum or the rapid
analysis of elements from lunar samples would not have been possible without spectroscopy. An
array of examples can be cited in support of applications of analytical chemistry in various
interdisciplinary areas. All these illustrations amply show that analytical science is truly
interdisciplinary in nature.

1.2 METHODS OF QUANTITATIVE ANALYSIS

The two important steps in analysis are characterisation and determination of the constituents of a
compound. The identification step is called qualitative analysis. While the second step of quantitative
analysis is more complicated. Quantitative analysis can be classified depending upon the method of
analysis, or it can be categorised according to the scale of analysis.

The second classification is discussed later in the chapter. The first stage can be subdivided as
those involving classical methods like gravimetry or volumetry, or those involving sophisticated
instruments. Unfortunately for getting reproducible results, one cannot always directly resort to these
newer methods. Before that one must get a true representative sample for analysis and it should be
free from interfering elements. The interfering elements are those which come in the way of
quantitative analysis. However both these problems have been circumvented by the analytical chemist.
Knowledge of sampling and excellent methods of separation such as solvent extraction, ion exchange
and different methods of chromatography have significantly helped an analyst to mitigate these
problems of interferences. No doubt there are a few methods which can be used for isolation and
purification of sample e.g. atomic absorption spectroscopy. The next step of analysis may involve
volumetric methods or gravimetry if the sample is present in milligram concentration. If the
component to be analysed is present at very low concentration then one has to resort to optical
methods or largely spectroscopic methods like UV-visible, IR spectroscopy or molecular luminescence
or emission and absorption spectroscopy. The methods principally used for the elucidation of structure
involve NMR and mass spectrometry. Thermoanalytical and radiochemical methods are equally useful
for quantitative work. Another important set of methods include electroanalytical techniques such
as potentiometry, voltammetry, polarography, conductometry and coulometry. The application of a
particular method of analysis depends upon several parameters.
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1.3 CRITERIA FOR SELECTION OF METHOD FOR ANALYSIS

From the foregoing description of methods, an analytical scientist is confronted with the problem
of selection of the proper method from an array of methods for quantitative analysis. His choice
will be influenced by several factors such as speed, convenience, accuracy, sensitivity, selectivity,
availability of instruments, amount of sample, level of analysis. Of these the last consideration is
of paramount importance. In addition to consideration of the concentration of the analyte, the
background of the sample will have to be carefully examined e.g. for analysis of iron (III) from a
sample of haematite or polluted water we cannot resort to the same method because we have to
carefully watch interfering ions. In haematite we have manganese while in water we have calcium
as interfering metal so we use colorimetry (thiocynate method) for the analysis of ore while 1–10
phenanthroline is used in spectrophotometry for analysis of iron in the water sample. Unfortunately
one cannot set a hard and fast rule for the selection of such methods. The choice of method is a
matter of judgement. Such judgement is difficult and can come only from one’s personal experience.
It is unhealthy to suggest only one selected method of analysis for a particular element. The
knowledge of fundamental or basic concepts of analytical chemistry certainly provides and develops
such a judgement. Thus, the analytical chemist should have an extensive knowledge and understanding
of basic concepts underlying methods of analysis.

1.4 CHEMICAL ANALYSIS AND ANALYTICAL CHEMISTRY

Chemical analysis establishes the quantitative composition of the materials. The constituents to be
detected or determined are elements, radicals, functional groups, compounds or phases. Analytical
chemistry is concerned with much broader and more general aspects of analysis, while chemical
analysis is confined to much narrower and more specific aspects of analysis. The determination of
one constituent in the presence of several other similar materials is essential e.g. the careful control
of conditions such as pH, complexation, change in oxidation state of metals etc. Several advances
in analytical chemistry have been made possible due to the spectacular progress in separation science.
Analysis is generally composed of quantitative analysis and qualitative analysis. The qualitative
analysis is carried out before quantitative analysis. The constituents can be quickly detected by
spectrographic methods or by spot tests with selective, specific and sensitive organic reagents.

1.5 QUANTITATIVE ANALYSIS WITH SCALE OF OPERATION

The amount of sample and range of relative amount of constituent determinable are important
characteristics of quantitative analytical methods. The methods can be termed as macro, semimicro,
or micro on the basis of the mass of the sample taken. A macro sample will be defined as one
whose weight is greater than 0.100 gram and a semimicro as one between 0.100–0.010 gram but
any sample less than 0.010 gram is termed as a microsample. In general a concentration between
0.01–0.001 gram is termed a microsample; while samples weighing less than 0.002 gram can be
called submicro or ultramicro samples. Components which are between 100–1% of a sample are
termed major constituents and those between 1–0.01% are minor constituents. Those below the range
of 0.01% are termed as trace concentrations. A spectrophotometric determination requires a macro
sample but spectrographic determinations can be carried out with micro samples. Nowadays one
can analyse fema (10−15) or ato levels (10−18) of materials.
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1.6 STEPS IN QUANTITATIVE ANALYSIS

The important steps involved in determination are: (1) Procurement of samples (2) Its conversion to
measurable state (3) Measurement of desired constituent (4) Calculation and interpretation of numerical
data. The most difficult problem is the isolation, before the measurement step. The important steps
encountered are:

(a) Sampling: It should be representative of the mass of the material. This is possible provided
the material is reasonably pure and is homogeneous in nature.

(b) Conversion of desired constituent to measurable form: This step involves method of separation.
The selection of the separation technique for a specific situation will depend upon a number
of factors. Such selection is generally decided on the basis of accuracy and the precision
required.

(c) Measurement of desired constituent: Any physical or chemical property can be used as a means
of qualitative identification and quantitative measurement or both. If the property is specific
and selective for measurement, then separation and pretreatment of the sample can be minimised,
e.g. analysis involving atomic absorption spectroscopy.

(d) Calculation and interpretation of analytical data: An analysis is not complete until the results
have been expressed in such a manner that the person for whom the results are intended can
understand their significance. In recent years greater attention has been paid to statistical
techniques both in development and in assaying the value of the final analytical results. This
has led to the establishment of a new branch of science termed as Chemometrics.

1.7 METHODS OF ANALYTICAL DETERMINATION

The chemical methods of determination are composed of volumetric and gravimetric methods of
analysis, as they involve chemical reactions. The methods based on measurement of physical properties
are called physicochemical methods. Physical methods of analysis are those methods which do not
necessarily involve use of chemical reaction. Most of the physical methods of measurement are
instrumental methods of analysis.

(a) Chemical methods: These methods comprise of gravimetric and volumetric methods of analysis.
They are generally based upon stoichiometric equation of the type.

a baC bR C R+ �

In gravimetry, excess of the reagent (R) reacts with the constituent (C) to form a product
(Ca Rb) which is solid and is weightable. The chemical reaction and separation should be
quantitative and loss should be minimum i.e. with recovery of approximately 99.9% for the
major components.
However, in volumetry reagent (R) is added to constituent (C) until Ca Rb is formed, the end
point of the reaction is shown by an indicator. Many times the end point is reached before or
after the equivalence point. Various reactions such as neutralisation, oxidation-reduction,
precipitation and complex formation can be used in such titrations. The speed of analysis is
of great importance. Both gravimetric and volumetric methods are useful for the determination
of major components. For multianalysis or for samples many in number, titrimetry is most
useful. On the whole, both methods are considered precise, accurate and practicable in routine
analysis.

(b) Physical methods: The popularity that these physical methods or physicochemical methods
enjoy arises from the new kind of determinations that they make possible due to their selectivity
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and from the increased speed and simplicity of analysis. They are used for the determination
of minor or trace concentrations of elements or constituents in preference to the major constituent
of the sample. It is generally believed that relative precision or accuracy is not so great as
compared with chemical methods. However, this is not always true. As far as speed of analysis
is concerned, physical and chemical methods cannot be compared as the former are very rapid
and accurate. The majority of physical methods require the use of standards containing a
known amount of the constituent which serves as the basis for comparison in the measurements
as reference material.

1.8 ROLE OF INSTRUMENTATION

It is essential to distinguish between instrumentation for analytical techniques and operation of instruments.
The former is of utmost importance to the analytical chemist. The chemist in general should understand
the fundamental relation between chemical species and their characteristics. A good analytical chemist
may not be an electronics expert but should know the scope and applicability of analysis and also the
limitations of measurement in analysis. During analysis methods which demand the least skill from the
analytical chemist are preferred. However, knowledge of the chemical reactions in a particular system
is most essential. When the chemist resorts to the use of instruments, he should not end up as a black
box operator. It is absolutely essential that he is able to interpret obtained data and arrive at the logical
conclusion regarding the composition or structure of the analyte.
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