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Introduction

Instrumental Methods of Analysis (CHM 312) is a first semester three
hundred level course. It is a two-credit unit course available to all
undergraduate students offering Bachelor of Science (BSc.) in
Chemistry.

Instrumental methods of analysis is a special field in chemistry. It
involves the use of laboratory equipment to analyse composition of a
given sample both qualitatively and quantitatively. The information
obtained from instrumental analysis is usually represented in form of a
laboratory report, which indicates the amount of substance that is
present or otherwise.

What You Will Learn in This Course

The course consists of study units and a Course Guide. This course guide
tells you briefly what the course is about, what course materials you will
be using and how you can work on these materials. In addition, it
describes some general guidelines for the amount of time you are likely
to spend on each unit of the course in order to complete it successfully.

It gives you guidance in respect of your Tutor-Marked Assignment
which will be made available in the assignment file. There will be
regular tutorial classes that are related to the course. It is advisable for
you to attend these tutorial sessions. The course will prepare you for the
challenges you will meet in the area of instrumental methods of
analyses.

Course Aims
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The aims of this course it to provide you with a basic knowledge on
instrumental methods of analysis. It also aims to introduce you to the
various applications of instrumental techniques in relation to both
qualitative and quantitative analyses.

Course Objectives

To achieve the aims set out, the course has a set of objectives. Each unit
has specific objectives which are included at the beginning of the unit.
You should read these objectives before you study the unit. You may
wish to refer to them during your study to check on your progress. You
should always look at the unit objective after completion of each unit.
By doing so, you would have followed the instructions in the unit.
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Working through This Course

To complete this course, you are expected to study all the units, the
textbooks and other instructional materials which may be provided by
NOUN.

Each unit consists of Self-Assessment Exercises and at certain point in
the course you would be required to submit assignments for assessment
purposes. At the end of the course, there is a final examination. This
course should take you about a total of 17 weeks to complete. Below,
you will find listed, all the components of the course, what you have to
do and how you should allocate your time to each unit in order to
complete the course on time and successfully.

This course entails that you spend a lot of time reading. It is advisable
that you endeavour to attend the tutorial sessions where you have the
opportunity of comparing your knowledge with that of other students.

Study Units

The study units in this course are as follows:

Module 1

Unit 1 Spectroscopic Techniques

Unit 2 Spectrochemical Optical Methods
Unit 3 Infrared Spectroscopy

Unit 4 Flame Spectroscopy
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Unit s

Module 2

Unit 1

Unit 2

Unit 3

Unit4

Unit s

Module 3

Unit 1

Unit 2

Unit 3

Unit 4
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X-Ray Spectroscopy

X-Ray Diffraction Method

Nuclear Magnetic Resonance Spectroscopy
Fluorescence Spectroscopy

Fluorimetry

Fourier Transform Spectroscopy (Interferometry)

Polarography
Coulometry
Conductimetry

Polarimetry

Unit 5 Refractometry
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Presentation Schedule

The course material given to you have important dates for the early and
timely completion and submission of your TMAs and attending
tutorials. You should remember that you are required to submit all your
assignments by the stipulate time and date. You should guard against
falling behind in your work.

Assessment

There are three aspects for the assessment of the course. First is made
up of self-assessment exercise, second consists of the tutor-marked
assignments and third is the end of course examination.

You are advised to do the exercises. While doing the assignments, you
are expected to apply information, knowledge and techniques you
gathered during the course. The assignments must be submitted to your
facilitator for formal assessment in accordance with the deadlines
stated in the presentation schedule and the assignment file. The work
you submit to your tutor for assessment will account for 30% of your
total course work.

At the end of the course, you will be required to sit for a final or end of
course examination of about three-hour- duration. This examination
will account for 70% of your total course mark.

Tutor-Marked Assignment (TMA)

The TMA is a continuous assessment component of your course. It
accounts for 30% of the total score. You will be given four (4) TMAs to

\Y
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answer. Three of these must be answered before you are allowed to sit
for the end of course examination. The TMAs would be given to you by
your facilitator and returned after you have done the assignment
questions. You should be able to complete your assignment from the
information and material contained in your reading, references and
study units. However, it is desirable in all degree level of education to
demonstrate that you have read and researched more into your
references, which will give you a wider view point and may provide you
with a deeper understanding of the subject.

Make sure that each assignment reaches your facilitator on or before
the deadline given in the presentation schedule and assignment file. If
for any reason you cannot complete your work on time, contact your
facilitator before the assignment is due to discuss the possibility of an
extension. Extension will not be granted after the due date unless there
are exceptional circumstances.

Final Examination and Grading

The end of course examination for Instrumental Methods of Analysis
will be for about three (3) hours and it has a value of 70% of the total
course work. The examination will consist of questions, which will
reflect the type of self-assessment exercise, practice exercise and tutor-
marked assignment problems you have previously encountered. All
areas of the course will be assessed.

Ensure that you use the time between finishing the last unit and sitting
for the examination to revise the whole course. You might find it useful
to review your self-assessment exercise, TMAs and comments on them
before the examination. The end of course examination covers
information from all parts of the course.

Assignment Marks

Vi
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Assignment 1 -4 Four assignments, best three marks of
the four count at 10% each — 30% of
course marks.

End of course 70% of overall course marks
examination
Total 100% of course materials

Facilitators/Tutors and Tutorials

There are 16 hours of tutorials provided in support of this course. Your
will be notified of the dates, times and location of these tutorials as well
as the name, e-mail address and phone number of your facilitator, as
soon as you are allocated a tutorial group.

Your facilitator will mark and comment on your assignments, keep a
close watch on your progress and help you out in any difficulties on the
course. You are expected to mail your Tutor-Marked Assignments to
your tutor before the scheduled date (at least two marking days
required). They will be marked and returned to you as soon as possible.

Do not delay to contact your facilitator by telephone or e-mail if you
need assistance.

The following might be circumstances in which you would find
assistance, hence you would have to contact your facilitator if:

You do not understand any part of the study or the assigned readings.

You have difficulty with the self-assessment exercises.

vii
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You have a question or problem with an assignment or with the grading
of an assignment.

You should endeavour to attend the tutorials. This is the only chance to
have face to face contact with your course facilitator and to ask
questions which are answered instantly. You can raise any problem
encountered in the course of your study.

To gain much benefit from course tutorials, prepare a question list
before attending them. You will learn a lot from participating actively in
discussions.

We wish you success in the course and hope you will find it interesting
and useful.

viii
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MODULE 1 SPECTROSCOPIC ANALYSES

Unit 1 Spectroscopic Techniques

Unit 2 Spectrochemical Optical Methods
Unit 3 Infrared Spectroscopy

Unit 4 Flame Spectroscopy

Unit 5 X-Ray Spectroscopy

UNIT 1 SPECTROSCOPIC TECHNIQUES

CONTENTS

1.0 Introduction

2.0  Objectives

3.0 Main Content
3.1  Definition of Spectroscopy
3.2 Interaction of Radiation and Matter
3.3  Electromagnetic Radiation
3.4  Absorption of Radiation
3.5 Emission of Radiation
3.6  Types of Spectroscopy

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Spectroscopic method of analysis involves the nreasents of the
intensity and wavelength of radiation that is eithebsorbed or
transmitted. This provides the basis for sensithethods of detection
and quantification. Absorption spectroscopy is nfosguently used in
the quantification or estimation of molecules anthe atoms. Emission
spectroscopy covers several techniques that invtilee emission of
radiation by either atoms or molecules, but vairegshe manner in
which the emission is induced. This method of agialinvolves the use
of equipment, which may be simple and inexpense extremely
complex, with design features involving the latasichnological
development.

12
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain the meaning of spectroscopy

. describe the nature of electromagnetic radiation

. describe the interaction of radiation with matter

. distinguish between absorption and emission speify
. state the different types of spectroscopy.

3.0 MAIN CONTENT
3.1 Definition of Spectroscopy

Spectroscopy is a technique which concerned with study of the
frequencies involved when electromagnetic radiatinteracts with
matter.

3.2 Interaction of Radiation and Matter

Radiation is a form of energy which could either &lesorbed or
transmitted. The interaction of radiation in spestopy involves
transition between the different energy levels wha or molecules.
The other types of interactions such as reflecticfraction and
diffraction, are often related to the bulky propestof materials rather
than to energy levels of specific atoms or molesul@enerally, the
absorption or emission of radiation by matter inesl the exchange of
energy. Thus, to understand the principle of thxshange, it is
necessary to know the distribution of energy wittan atom or
molecule. The internal energy of a molecule is doethe energy
associated with:

. The electrons
. Vibrations between atoms
. The rotation of various groups of atoms within aeunale.

The energy levels can be altered by the absorpti@mission of radiant
energy. This is because atoms exist only withinmatéd number of
energy levels. A study of the wavelength or frequyenf radiation

absorbed or emitted by an atom or molecule wilegivformation about
its identity. This technique is known as qualitatspectroscopy.

13
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3.3 Electromagnetic Radiation

Radiation is a form of energy which has both magnand electrical
properties, hence called electromagnetic radiafldre electromagnetic
radiation covered a long range of radiations whack described or
characterised by either wavelength or frequency.

. Wavelength {) is defined as the distance between the successive
peaks and is measured in nanometres (nm).
. Frequency ) of radiation is defined as the number of successiv

peaks passing a given point in 1 second.

The relationship between the two parameters is:

’urxl
A

. But, the energy (E) is directly proportional to tlhequency and
inversely proportional to wavelength.
i.e.E=hv = %

. Where, h is a Plank's constant and c is the speed of light

The electromagnetic radiation consists of:

. Gamma rayg)in the range ofilo™*to 10 'nm

. X-rays in the range of 1 to i@°

. Ultraviolet radiation in the range of 180 to 380nm
. Visible region in the range of 380 to 780nm

. Infrared region in the range of 042 to 50um

. Microwave in the range of 1to 10cm

. Radio wave in the range 007 to 10° nm

This can also be represented as follows:

Wavelength (m)

10 10 10°® 10° 10™ 107 1
| | | | | | |
! | I I I | 1
103 10" 1 103 10° 107 10°
(%]
y-rays X-rays 5 ( Infrared % %
= K
S 7 2 3
© < 5 o
E= = 5
> = ©
Wavelength (nm) o

Fig. 1.1: Range of Electromagnetic Radiation

14
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3.4 Absorption of Radiation

Every molecular specie is capable of absorbingow® characteristic

frequencies or wavelength of electromagnetic ramhatThis process

transfers energy to the molecule or atom and eguld decrease in the
intensity of the incident radiation. Thus, absarptof radiation could

be:

. Atomic absorption which involves the absorption of
electromagnetic radiation by free atomic specié® Wavelength
that is most strongly absorbed usually correspotmsan
electronic transition from the ground state to lineest excited
state known as the resonance line.

. Molecular absorption which involves the absorptadiradiation
by molecules in solution. This type of absorptisually takes
place in ultraviolet and visible region of the eftemagnetic
spectrum. Absorption of radiation in this regiomses transition
of electrons from molecular bonding orbital to tiigher energy
molecular antibonding orbital.

3.5 Emission of Radiation

When an atom or molecule absorbs electromagnediatran, it results
in either electronic or vibrational transition frdower to higher energy
level. Such atom or molecule is said to be in asited or unstable state.
If the atom or molecule loses all or part of thisery as radiation,
photons of energy will be emitted which correspdodhe difference
between the energy levels involved. The radiatioitted is of specific
frequencies and will show up as a bright line gpdirsed as a spectrum.
Just like absorption, emission could also be at@nimolecular.

Atomic emission is displayed by many elements;ipaldarly the metals
which after being excited either thermally or dlieally emit a
discontinuous lines spectrum due to transition mgdn the ground
state.

Molecular emissions are due to electronic transitivithin the
molecules but are modified or influenced by bondgta. Molecular
emissions are more complex than atomic emissiom® fadiation
emitted consists of broad bands of radiation ratih&n the narrow lines
associated with atomic emission. Also, the resgltispectrum is
approximately the mirror image of the absorptiorecgpum of the
compound.

15
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3.6 Types of Spectroscopy

Based on the nature of the radiation that is beingprbed or emitted,
there are different types of spectroscopy. Theséddae:

. Ultraviolet/visible spectroscopy

. Infrared (IR) spectroscopy

. Nuclear Magnetic Resonance (NMR) spectroscopy
. Mass spectroscopy

. X- ray spectroscopy

Apart from the above classification, spectroscopy also be broadly
classified into three categories:

. Electronic spectroscopy
. Vibrational spectroscopy
. Rotational spectroscopy

The electronic spectroscopy involves the movemehtelectrons
between their various energy levels, as a reswbebrption or emission
of electromagnetic radiation. The energy required Electronic
transition comes from ultraviolet or visible region

Vibrational spectroscopy is concerned with the atfons of molecules
when photons of radiation are absorbed. Molecukss wdbrate with
particular amounts of energy whose values are méted by a quantum
number. The energy needed for vibration of mole@ames from the
infrared region.

Rotational spectroscopy is concerned with the gnéngt causes the
rotation of a molecule. The energy of the rotatide@el depends on the
rotational quantum numbers. The energy requiredtlier molecular

rotation is provided by the microwave region of pectrum.

4.0 CONCLUSION
Spectroscopic method of analysis is a techniquechvimvolves the

measurements of the intensity of radiation thaeitker absorbed or
transmitted.

16
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5.0 SUMMARY

In this unit, you have learnt that:

6.0

=

7.0

spectroscopy is a technique which involves the ystafl the
absorption and emission of radiation by matter
electromagnetic radiation or spectrum covers a loempe of
radiations measured in the unit of frequency orelength
absorption spectroscopy measures electromagraetiation that
Is taken in by atoms or molecules

emission spectroscopy measures the radiationglgavén out by
atoms or molecules

spectroscopy could be electronic, infrared (or atimnal) and
microwave (or rotational).

TUTOR-MARKED ASSIGNMENT

What is meant by spectroscopy?

Distinguish  clearly between absorption and emission
spectroscopy

Calculate the corresponding energy of a UV-radmti@ving a
wavelength of 250nm.

REFERENCES/FURTHER READING

David, J.H. & Hazel, P. (1998RAnalytical Biochemistry(3rd ed.). New

York: Longman Group Limited.

Douglas, A.S.; Donald, M.W.; James, F.H. & Stanl&C. (2004).

Fundamentals of Analytical Chemist(th ed.).

Robert, M.S.; Clayton, G.B. & Terence, C.M. (197&pectrometric

Identification of Organic Compounds,(3rd ed.).Wiley
International.
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UNIT 2 SPECTROCHEMICAL OPTICAL METHODS

CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Definition of Optical Methods
3.2  Types of Optical Methods of Analysis
3.3  Molecular Absorption Analysis
3.3.1 Beer's Law
3.3.2 Lambert’'s Law
3.3.3 Limitation of Beer’s law
3.3.4 Absorbance and Transmittance
3.4  Colorimetry
3.4.1 Mode of Operation of Colorimeter
3.5 Spectrophotometry
3.5.1 Radiation Source
3.5.2 Monochromator
3.5.3 Detector
3.6 Differences between Colorimeter apdc&ophotometer
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Optical method of analysis involves the measuremétight intensity.
To relate optical measurement to the amount ofracpéar substance in
a sample, it is necessary to exploit the abilityatims or molecules to
absorb or emit light radiation when exposed to aiqdar set of
conditions. Thus, this method of analysis involttes use of instrument
with varying degrees of sophistication.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain the different types of optical method o&lysis

. explain the operational principle of molecular apson method
of analysis

. state the basic laws of light absorption

. differentiate between colorimetry and spectrophattyn

. name the basic components of colorimeter and spg@witometer

and state their functions.

18
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3.0 MAIN CONTENT

3.1 Definition of Optical Methods

Optical methods are spectroscopic techniques thatbased on the
absorption or emission of ultraviolet, visible anttared radiations.

3.2 Types of Optical Methods of Analysis

Colorimetry: it involves the measurement of the absorptionigiftl
radiation by a coloured solution.

Spectrophotometry: this measures the absorption of light of a narrow
wavelength band by molecules in solution.

Atomic absorption analysis:measures the absorption light radiation by
free atomic specie.

Flourimetry: involves the estimation of the amount of fluoredce
substance in a given sample.

Atomic emission analysis:this is based on the emission light atoms in
excited electronic state.

3.3 Molecular Absorption Analysis

The absorption of light by a compound in solutioereases with the
concentration of the compound and this effect iy fexploited in
colorimetry and spectrophotometry analyses. Cothw@mpounds can
be estimated directly while other compounds whidle gcoloured
derivatives with particular chemical reagents dao ae analysed.

The absorption of light radiation by solutions dam elucidated by a
combination of the laws of Beer and Lambert. Theselaws relate the
absorption, to concentration and to the thickndsh@ absorbing layer
respectively.

3.3.1 Beers Law
This law states that the absorption of light isdily proportional to the
number of the absorbing molecules. That is, thestrattance decreases

exponentially with the number or concentration & tabsorbing
molecules.

19
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Mathematically, Bees law is represented as:

I}
Logm?u o C ar Log,g

]

2-cc
I
I
Where, Logy, Tﬁ is the absorbance(A) ,C isthe concentration and £ {5 a cor

I, = incident light,I = transmitted light
This law can also be represented&as C or A= eC

3.3.2 Lamberts Law

Lambert’'s law states that same proportion of incidght is absorbed
per unit thickness irrespective of its intensitgpdahat each successive
unit layer absorbs the same proportion of lightifgl on it. For
example, if the incident light is 100% and 50%takiabsorbed per unit
layer; the intensity of light will decrease expotialty as follows: 50%,
25%, 12.5%, 6.25%, etc.

|o |
Light Intensity

Thickness of solution
Fig. 2.1: Light Intensity Decreasing while Passing thioagSolution

Thus, according to this law,Logy® «1  or logso =kl
Note that: Absorbance (A)log,, > = ki

Where,k is a constant and l is the path length.

The two laws are combined together and called Baetbert’s law:
A= logm*:ri o CI orlogy, *:rﬂ = grl

Where,z is a constant called molar extinction coeffici€nt molar

absorptivity) which is numerically equal to the alitzance of a molar
solution in a cell of 1cm path length.

Note: While Lambers law holds for all cases, Beztaw is only obeyed
by dilute solutions. This because at certain cotmagans association of
absorbing molecules occur which causes a tailiignothe absorption
of light. Hence, estimation of the unknown is cadriout in the

20
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concentration range which Beer’s law is obeyeds lusual to plot a
standard curve or graph of absorbance against ntaten to
determine the concentration range in which Belexv is obeyed.

Absorbance (A)

Concentration(C)

Fig. 2.2: A Graph of Absorbance against Concentration

3.3.3 Limitations of Beers Law

Absorbance

Range in which Beer’s
law is obeyed

Concentration

Fig. 2.3. Graph Showing the Limitations of Bee

Beers law describes the absorption behaviour only flutel solutions,

hence it is limited. At concentrations exceedinQ104, the average
distances between the absorbing ions or molecuéereduced to a point
where each particle affects the charge distribytenmd the extent of
absorption of its neighbours. Since the extenintéraction depends on
concentration, the occurrence of this phenomenarsesa deviations
from the linear relationship between absorbanceamtentration. On
the other hand, at certain concentrations, associatf absorbing

molecules is thought to occur, which causes antiloff in the

absorption of light. Hence, Beerlaw is only obeyed by dilute
solutions, but Lambes law holds for all cases.

21
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3.3.4 Absorbance and Transmittance

The absorbance (A) is the measure of the fractidiglt radiation that
is absorbed by a given sample solution, while trattance (T) is the
fraction of incident light that is not absorbede(itransmitted by the
solution). Transmittance is often expressed asraepéage called per
cent transmittance.

Percentage transmittance )~ x 100

But, absorbance is related to transmittance asvisli

100
A=logy, T

Note that as the absorbance of a solution incredsestransmittance
decreases.

3.4 Colorimetry

This method of analysis involves the measuremenh®fabsorption of
visible radiation of light by a coloured solutiomhis type of
measurement is carried out by the use of an ingmancalled
colorimeter. The colorimeter consists of:

. Light source (tungsten lamp)
. Monochromator (filter)

. Slit

. Optical cell or cuvette

. Photo electric cell

. Galvanometer

The instrumental set up is as bellow:

Slit
m = [ | | Cme
— L —
|
. . Detector
Light source Monochromator Optical cell
Fig. 2.4: Schematic Diagram of a Simple Colorimeter

3.4.1 Mode of Operation

White light from a tungsten lamp passes througlordenser lens to
give a parallel beam which falls on the filter tie&positioned to select

22
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radiation of specific wavelength to impinge on aasgl cuvette
containing the solution. As the light is passingotlgh the solution,
some part of it is absorbed by the sample compomérle the part that
Is not absorbed is transmitted, and detected byaopelectric cell
(detector). In order to measure the absorbance safilgion, the meter
reading is first adjusted to 100% transmittancedzdsorbance) with a
blank solution. The sample is then inserted ing@laicthe blank and the
absorbance is read directly. The concentrationesponding to the
absorbance of the sample is then obtained from stamdard or
calibration graph.

3.5 Spectrophotometry

This method of analysis involves the measuremetti@fbsorption of a
narrow wavelength band of radiation by moleculessaution. The
instruments that are used to study or to measugeattsorption or
emission of electromagnetic radiation as a functbnvave length are
called spectrometers or spectrophotometers. Theab@nd electronic
principles employed in these instruments are bhlgitdae same for all
the regions of the spectrum.

The essential components of a spectrophotometierdiec

. stable source of radiant energy

. system of lenses, mirrors and slits which defindirnate(make
parallel) and focus the beam of light

. monochromator to resolve the radiation into itgividual
wavelength

. cuvette or cell for holding the sample

. radiation detector with an associated read outesygheter or
recorder)

Below is a schematic diagram of a typical spectoopimeter:

BT

Radiation source Sample Detector Meter

Monochromator
cell

Fig. 2.5: Components of a Spectrophotometer

Source: David, J. Holme & Hazel, Peck (1998Analytical
Biochemistry

23
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3.5.1 Radiation Source

The source of ultraviolet radiation is provided Inydrogen and
deuterium lamps. These lamps consist of a pailegt®des which are
enclosed in a glass tube provided with a quartdwinand filled with

hydrogen or deuterium gas at low pressure. Thesgdaprovide

radiation in the range of 180 — 350nm.

A tungsten filament lamp is the most satisfactayree of visible and
near infrared radiation. This lamp provides radmtin the region
between 350 and 2500nm. Other sources of radiaticdnde: Xenon
lamp, Globar and Nernst glower.

3.5.2 Monochromator

Monochromator is a device which is used to resgeé/chromatic
radiation into its individual wavelength and iselatthese wavelengths
into a very narrow band. This device producestligtdiation of only
particular (single) wavelength. Thus, light of dagor only one
wavelength is called monochromatic radiation. A o@hromator
consists of:

. an entrance slit which admits polychromatic radmtfrom the
source;

. a collimating device which is either a lens or aroni

. a dispersion device, prism or grating which ressliree radiation
into its individual components;

. a focusing lens or mirror; and

. an exit slit.

3.5.3 Detectors

A detector is a device which identifies and tratedathe transmitted
radiation from the sample into an electrical sigihalt activates a meter
or recorder. Example, a photographic film can beduss a detector. A
detector usually indicates the existence of somsipal phenomena. It
Is capable of absorbing the energy of photons amerts it into a

measurable quantity. Photoelectric detectors agd tey the detection of
ultraviolet and visible radiations. These detectare classified as
phototubes and photoelectric cells.

Another detector is photoconductive cell which anenonly used for

the detection of near infrared radiation. But faddhe and far infrared
radiation, thermocouple detectors are used.
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Generally, the detectors used in spectrophotometsttuments could
be:

. photoelectric or barrier cell
. photomultiplier tube

. thermocouple

. photoconductivity cell.

3.6 Differences between Colorimeter and Spectropblmmeter

Unlike colorimeter, spectrophotometer can discraten effectively
between compounds with overlapping absorption specthe filter

system found in colorimeter is replaced by prism gating in

spectrophotometer. The light passing through thapsa solution is
detected by a photocell in colorimeter, while it detected by
photomultiplier tube in most spectrophotometers. thWimost

spectrophotometers, measurements can be donehnulicaviolet and
visible region of the spectrum; this is not possiklith colorimeters.
Thus, the advantages displayed by spectrophotometeomparison
with colorimeter are improved resolutions and densi together with

greater versatility. The more elaborate spectragheters have a
scanning device which allows for the automatic deieation of the

absorbance of a solution as a continuous functibrwavelength.

Spectrophotometers with direct reading device E® available.

4.0 CONCLUSION
Spectrochemical optical method of analysis is come@é with the
measurement of the light radiation that is eitHesasbed or emitted by

molecules in solution. This is achieved by the okdifferent types of
equipment which may be simple or complex.

5.0 SUMMARY

In this unit, you have learnt that:

. optical methods are spectroscopic techniques tteathased on
the absorption or emission of ultraviolet, visitded infrared
radiation.

. there are different types of optical methods oflygsia such as
colorimetry, spectrophotometry, etc.

. the absorption of light radiation increases witl tdorresponding
increase in concentration of the molecules in smhut

. colorimetry involves the measurement of light apson by

coloured solution.
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6.0

la.

2a.

7.0

spectrophotometry is the method which involves the
measurement of the absorption of a narrow wavethebghd by
molecules in solution.

TUTOR-MARKED ASSIGNMENT

State Beer's and Lambert’s laws.

What is the relationship between absorbancdrandmittance?
Distinguish  clearly between a colorimeter and a
spectrophotometer

Several spectrophotometers have scales that adeeidzer in
absorbance or in % transmittance. What would bekis®rbance
reading at 20% T and 80% T respectively?

REFERENCES/FURTHER READING

Daniel, C. H. (1982)Qualitative Chemical Analysi¢2nd ed.).

David, J. H. & Hazel, P. (1998\nalytical Biochemistry(3rd ed.). New

York: Longman Group Limited

Robert, M.S.; Clayton, G.B. & Terence, C.M. (197&pectrometric

26

Identification of Organic Compounds(3rd ed.). Wiley
International.



CHM312 INSTRUMENTAL METHODS OF ANALYSIS

UNIT 3 INFRARED SPECTROSCOPY
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Definition of Infrared Spectroscopy
3.2 Basic Principles of Infrared Spectroscopy
3.3 Types of Molecular Vibrations
3.4 Group Frequencies
3.5 Instrumentation
3.5.1 Radiation Source
3.5.2 Monochromator
3.5.3 Detector
3.6 Application of Infrared Spectroscopy
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Infrared spectrometry is a branch of spectroscbpyis concerned with
the measurement of absorption of electromagnetidiatian, by

molecules due to their vibrational ability. It i®ry important here to
note that atoms in a molecule usually vibrate wittiie bonds that link
them together. The vibrational energy in a molegsilebtained within

infrared region of the electromagnetic spectrumuslhwhenever an
infrared radiation of a specific frequency intesaatith a molecule, the
energy is absorbed leading to an increased vilratienergy of that
bond. This can even lead to change in the dipolenemb of the bond
concerned. Thus, the infrared instrument (specttagheter) is

designed to measure the energy absorbed by theibdhd molecule at
different wavelengths (nm) or wave number @no produce a chart
called infrared spectrum.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain the basic principles of infrared spectramet

. describe the different types of molecular vibrasion

. describe  the instrumental arrangement of infrared
spectrophotometer

. interpret the infrared (IR) spectrum.
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3.0 MAIN CONTENT

3.1 Definition of Infrared Spectroscopy

Infrared spectroscopy is a method which involves #tudy of the
absorption of electromagnetic radiation in the anf§0.78 to 308m.

3.2 Basic Principles of Infrared Spectrometry

Every molecule possesses kinetic energy (E) wisaksponsible for its
vibration or rotation. The total energy(E0f a molecule is due to
vibrational, rotational and translational energwashin the molecule.
Thus, the total kinetic energydHs given by the expression:

Er = EL‘ + E?" + Et?"

Where,

E,is vibrationalenergy,E; is rotational energy an#, is the translational
energy.

A molecule containing n atoms will have 3n modgrdes of freedom
of motion. These are made of 3 rotational, 3 tetimhal and 3n — 6
vibrational motions. Thus, for a nonlinear polyatonmolecule, the
fundamental mode of vibration is 3n — 6, while mefr molecule has
3n — 5. With this, it is possible to predict theaally the number of
infrared bands that can be obtained from a giveleoode.

Example: Ethylmethylketongf, — CH, — €O — CH, which is made up

of 13 atoms, has 33 theoretical mode of vibratidms is calculated as
below:

| InCH,— CH,— CO— CH, ,n=13
Then,3n -6 =(3x13)-6 =33

But, it is not possible to detect all of these atiwns in the IR spectrum
because many of these bands may overlap, othersoemgymmetrical
vibrations which may not absorb any radiation. looaplex molecule,
stretching and bending of bond is possible andetihlepend on the bond
strength and masses of the corresponding atomotimatsuch bond.

3.3 Types of Molecular Vibrations

In an organic molecule, there are two major typésfumdamental
vibrations. These are:

. Stretching of bond
. Bending of bond
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V'V\\C//X‘ ﬁ\ /fX
/\ /0,

Symmetrical stretching Asymmetrical stretching

Fig. 3.1: Stretching Vibrations

The stretching vibration could either be symmetrmaasymmetrical.
These are represented as shown in figure 3.1 above.

But bending vibration is of four different typeshése are:

. Scissoring
. Rocking

. Wagging

. Twisting

These are represented as follows:

SN Y 0 WX W
\/ \/ N/ N
S S /N 7

z Z Y z Y

Scissoring Rocking Wagging Twisting

Fig. 3.2: Bending Vibrations

The energy required to bend a bond is not greatfaliewithin the range of
400-1300crit. This region is called the finger print region.uBhthis region is
used to establish the identity of the chemical coumgls. The energy required
to stretch a bond is a little bit higher. This $aWithin the region of 1300 —
4000cnt. This signal is caused by groups such as OH, N#),GC=C, CHO,
etc. These group frequencies are independent efr @iérts of the molecule
and are used to detect the functional groups irecuiés.

3.4 Group Frequencies
Group frequencies are the absorption bands or Isighat occur at

certain frequencies due to stretching or bendingration within a
molecule. For example, the bands at 3306camd 1050cri are
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characteristics of the OH group in alcohols. Grdwguencies can
change depending on the nature of the moleculdéhensgolvent.

Examples of some group frequencies are given below:

Vibration Type of Molecule Group Frequencies
(cm™)

C—H. retch Alkanes, alcohols 2800 — 3000

C—H roren Aldehydes 2700 — 2900

C — Hyretch Alkenes 3010- 3095

O — Hyyeteh Alcohols, phenols 3200 — 3600

O — Hyyetch Acids 2500 — 3000

O — Hyeng Alcohol, phenol 1260 - 1410

N — Hstretch Amines 3300 — 3500

C = Gyreteh Alkenes 1620 — 1680

C = Quyretch Aldehyde 1720 -1740

C=Cicn Alkynes 2100 - 2140

C =N_proron Nitriles 2000 — 2500

C = Qyretch Ketones 1705 -1725

C = Qureten Carboxylic acid 1700 - 1725

3.5 Instrumentation

The instrument used is called infrared spectropheter. This

instrument is basically similar to those used fbe tUV/ Visible
measurements, but only differ from the energy daliaion sources,

optical materials and the detection device-
Spherical & Reference cell Pen
\:: Recorder Amplifier

//?‘
7 X Detector

Rotating prism

radiation

Sample cell

Spherical é

mirror \ §
Fig. 3.3: The Schematic Diagram of Infrared Spectsphotometer
Source: Peter R.S. Murray, 1983
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3.5.1 Radiation Source

The radiation source may be:

. Nernst glower which is a mixture of oxides of zmaam or
thorium
. Globar unit which is a small rod of silicon carbide

3.5.2 Monochromator

This may be a prism or grating. The prism monoclatmmis usually
made of sodium chloride crystals which dispersectedenagnetic
radiation between 4000 and 650tm The grating systems
monochromator have a better resolving power angedse uniformly in
all regions of electromagnetic radiation.

3.5.3 Detector

The detecting device is either a thermocouple obotometer. A
thermocouple is made of two different metals cotewdogether to
which two sensitive galvanometers are attached tt@other end. The
infrared radiations impinge on the junction of tinetals to generate a
thermo-electromotive force which enables the curren flow. The
current generated is proportional to the quantify tlee radiation
impinged on the metal.

3.6 Application of Infrared Spectroscopy

. It is used for the identification of the identity non identity of
two samples. This is done mainly in the finger pragion of the
spectrum.

. It is used for the detection of impurities. Thisapplied only

when the impurities absorb strongly in the regidrere the main
component is transparent (i.e. not absorbing adatian)

. It is used in the identification of functional gmmi Infrared
spectroscopy is very useful for the identificatiai some
functional groups such as OH, CO, CHO, C = C,Nid.

4.0 CONCLUSION

Infrared spectroscopy is concerned with the abgwrpt of
electromagnetic radiation by molecules due to thdarational abilities.
The type of spectrum obtained gives vital informaton the nature of
the functional groups present in a given compourshmple.
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5.0 SUMMARY

In this unit, you have learnt that:

. infrared spectrum possesses large number of abmonmeaks as
compared to UV/ Visible spectrum

. the absorption bands provide a good informatiomhenstructural
arrangement the molecule

. almost all organic compounds absorb radiation is tigion and
convert it into vibrational energy

. the absorption of IR radiation causes the bondiwighmolecule

to either stretch or bend.
6.0 TUTOR-MARKED ASSIGNMENT

i. A sophisticated UV/ Visible near IR instrument hawe
wavelength range of 185 — 3000 nm. What are itsewavmber
and frequency ranges?

i At what range of wave numbers do the following timzal
groups give signal?

(i) OH, (ii) CHO, (iii) CO and (iv) NH

7.0 REFERENCES/FURTHER READING
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1.0 INTRODUCTION

If a solution containing a metallic salt, e.g. sodichloride is aspirated
into a flame for example, acetylene burning in airyapour which
contains atoms of the metal may be formed. Soméede gaseous
metal atoms may be raised to an energy level wisicufficiently high
to permit the emission of radiation characterist€she metal, e.g. the
characteristics yellow colour imparted to flames &ympounds of
sodium. This is the basis of flame photometry. Hosvea much larger
number of the gaseous metal atoms will normally ai@min an
unexcited state or, in other words, in the groutades These grounds
state atoms are capable of absorbing radiant erérdneir own specific
resonance wavelength, which in general is the vesmggth of the
radiation that the atoms would emit if excited frahe ground state.
Hence, if light of the resonance wavelength is pdghrough a flame
containing the atoms in question, then part ofligite will be absorbed,
and the extent of absorption will be proportional the number of
ground state atoms present in the flame. Thisaautiderlying principle
of Atomic Absorption Spectroscopy (AAS).

33



CHM312 INSTRUMENTAL METHODS OF ANALYSIS

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. distinguish between flame emission and flame ataab®orption
spectroscopy

. explain the working principles of flame emissiorespometry
and flame atomic absorption spectrophotometry

. enumerate the applications of flame emission aaohdl atomic
absorption spectroscopy

. mention the interferences in flame emission spewttoy and

flame absorption spectrophotometer.
3.0 MAIN CONTENT
3.1 Definition of Flame Spectroscopy

Flame emission spectroscopy is a technique in wihielemission of

light by thermally excited atoms in a flame or face is used to measure
the concentration of atoms, while flame atomic abon spectroscopy
Is a technique in which the absorption of lightflse gaseous atoms in
flame or furnace is used to measure the conceortratiatoms.

3.2 Differences between Flame Emission and Flameakhic
Absorption Spectroscopy

Flame emission spectroscopy is basically the sasndlaane atomic
absorption spectroscopy. The difference is thdigit source is needed
in flame emission. Some of the atoms in the flame @omoted to
excited electronic states by collision with othéomas. The excited
atoms emit their characteristic radiation as thetyrn to their ground
state. In flame emission spectroscopy, the emissmensity at a
characteristic wavelength of an element is nearbypprtional to the
concentration of the element in the sample. Foh kadisorption and
emission, standard waves are usually used to edtabite relation
between signal and concentration.

3.3  Working Principle of Flame Emission Spectromety
(FES)

The solution is introduced into the flame as a fapeay. The solvent
evaporates leaving the dehydrated salt. The salissociated into free
gaseous atoms in the ground state. A certain fnactf these atoms can
absorb energy from the flame and be raised to aitegi electronic
state. The excited levels have a short lifetime dnop back to the
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ground state, emitting photons of characteristiwelength. These can
be detected with conventional monochromator-detestt up. The
intensity of emission is directly proportional teetconcentration of the
analyte in solution being aspirated. A schemateghm of a flame
emission spectrometer is given below:

Monochromator Detect Amolifier [~—--
_____ of Filter |- etector Lo —- mplifier

Meter

Burner

Fig. 4.1: A Schematic Diagram of a Flame Emission
Spectrometer

Source: Modern Methods of Chemical Analygand ed.). R. L.,
Pecsoket al.

3.4 Working Principle of Flame Atomic Absorption
Spectrophotometry (FAAS)

The sample solution is aspirated into a flame aglame emission
spectrometry and the sample element is convertatbtaic vapour. The
flame thus contains atoms of that element. Somahamnally excited
by the flame, while most remain in the ground stateese ground state
atoms can absorb radiation of a particular waveletigat is produced
by a special source that is made from that eleniére. wavelength of
radiation given off by the sources is the samehasd absorbed by the
atoms in the flame. The absorption follows Beerawl. i.e., the
absorbance is directly proportional to the patlgtenn the flame and to
the concentration of atomic vapour in the flameschematic diagram of
flame atomic absorption spectrophotometer is ghveow:

Chopper Flame

Hollow
Cathode
Lamp

Monochromator Detector Meter

Source

(dc supply)

Sampl

Fig. 4.2: A Schematic Diagram of Flame Atomic Absption
Spectrophotometer

Source: Modern Methods of Chemical Analygand ed.). R. L.,
Pecsoket al
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3.5 Interference

By interference, we mean any effect that changesitinal when
analyte concentration remains unchanged. In thesumement of atomic
absorption or emission signals, interference isegfaead and easy to
overlook. If you are clever enough to discern tharference is
occurring, it may be corrected by counteractingsibigrce of
interference.

3.5.1 Types of Interference

Spectral interference This refers to the overlap of analyte signal with
signals due to other elements or molecules in dngpge or with signals
due to flame or furnace.

The best means of dealing with overlap betweenslioé different
elements in the sample is to choose another waykldar analysis.

Chemical interference This is caused by any component of the sample
that decreases the extent of atomisation of anai/ie SQ* and PQ*
hinder the atomisation of €a perhaps by forming non volatile salts.
This can be solved by adding releasing agents wdnrielchemicals to a
sample to decrease chemical interference, e.gtiaddif EDTA and 8 —
hydroxyquinoline protect Gafrom the above interference.

lonisation interference: In this, the ionisation of analyte atoms
decreases the concentration of neutral analytesatorthe flame, which
results in the decrease of the desired atomic kigJims is solved by
adding an ionisation suppressor to a sample so dsdreases the extent
of ionisation of analyte.

3.6 Application of the Techniques (FES and FAAS)

. They are used in many laboratories particularly maver trace
metal analyses are required.

. Environmental samples are analysed for heavy-metals
contamination.

. Pharmaceutical samples are analysed for metal itrgauusing
the atomic spectrometric techniques.

. The techniques are used in the steel industry teréne minor
components as well as major ones.

. The techniques are used in the measurement of raodiud

potassium in serum and urine in diagnostic clinazalysis.
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3.7 Sensitivity and Detection Limit in Atomic Absorption
Analysis

Atomic absorption spectroscopy is a sensitive teglanin the analysis
of metals in trace concentration.

Sensitivity is defined as that concentration of ed@ment in aqueous
solution which absorbs 1% of the incident radiatpassing through a
cloud of atoms being determined.

Usually, a 1% absorbance corresponds to 99% tréiesroe or
approximately 0.004 absorbance value.

While detection limit is the concentration of areraknt in solution
which gives a signal equal to twice the standandatien of the series
of measurements near blank level or the backgrsigml.

Note that, both the sensitivity and detection liwaty significantly with

flame temperature and spectral bandwidth. For el@ntipe sensitivity
of mercury is 2.2 mg/l, while the detection linst0.16 mg/l. Hence, it
IS necessary to specify the flame type to be usedhy determination.

4.0 CONCLUSION
It is therefore clear that both flame emission dlaine absorption
techniques are based on the measurement of eitiide@ or absorbed

radiation to estimate the amount of alkali metagample sodium,
potassium) and trace elements (e.g. lead, irorperogtc.) respectively.

5.0 SUMMARY

In this unit, you have learnt that:

. flame emission is concerned with the measuremetiteoémitted
radiation by thermally excited atoms

. flame absorption technique involves the measurenoénthe
absorbed radiation by free atomic species

. the instrument used in flame emission is callech8ghotometer
while that of flame absorption is called flame aimabsorption
spectrophotometer.

. in flame emission, the emitted radiation is projorl to the
concentration of the atoms in solution.

. the amount of absorbed radiation is proportiondhteonumber of

the absorbing atomic species.
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6.0 TUTOR-MARKED ASSIGNMENT

I (@) Compare and contrast between flame emissidnflame
absorption spectroscopy.

(b)  Explain clearly why flame emission is maimgstricted to
the analysis of alkali metals.

. (@) Outline major types of interferences encoweten atomic
absorption analysis and describe how such probleans
be overcome.

(b)  With the aid of a well-labelled schematicgtam, briefly
explain the working principle of atomic absorption
spectrophotometer.

7.0 REFERENCES/FURTHER READING

Christian, G.D. & O'Reilly, J.E., (1986)nstrumental Analysis(2nd
ed.).

Douglas, A. S., Donald, M.W., James, F.H. & StanlByC. (2004).
Fundamentals of Analytical Chemist(th ed.).

Metcalfe, E. (1987)Atomic Spectroscopy and Emission Spectroscopy
United Kingdom: John Wiley.

38



CHM312 INSTRUMENTAL METHODS OF ANALYSIS

UNIT 5 X-RAY SPECTROSCOPY
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Definition of X-Ray Spectroscopy
3.2  Sources of X-Rays
3.3 X-Ray Emission Spectrometer
3.4  X-Ray Detector
3.5 Non-Dispersive X—Ray Spectrometer
3.5.1 Applications
3.6  Application of X—Ray Fluorescence Anadysi
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

X-rays are electromagnetic radiation ranging in @lamgth from about

0.1 — 25 A. The shorter the wavelength of the yk-the greater the

energy and its penetration power. Both light andys are produced by
electronic transition. The only difference is thight rays are produced
by the transition of the outer electrons, whileays are produced by the
transition of inner electrons.

X-ray spectroscopy is concerned with the measurenwn the
absorption of x-rays when it interacts with matter.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. define x-ray spectroscopy

. enumerate the different sources of x-rays

. explain the components of x-ray spectrometers

. describe the different types of x-ray detectors

. explain the working principle involved in x-ray spescopy.
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3.0 MAIN CONTENT

3.1 Definition of X-Ray Spectroscopy

X-ray spectroscopy is a technique which involves #tudy of the
interaction between x-ray radiations with matter.

3.2 Sources of X- Rays

There are three common sources of x-rays for analyurposes. These
are:

1. Electron bombardment of a metal target

2. Irradiation of a target (sample) with primamaln of high energy
x-rays to produce a secondary beam of fluoresceays

3. Exposure of a sample to a radioactive sourcehwbenerates x-

rays. The x-ray emission spectra produced frometlsgsirces
may be continuous or discontinuous, or a combinatidboth.

Characteristic line spectra are produced by arnreledeam. These are
obtained when a fast moving electron excites amadtoa higher energy
level, then x-ray emission follows when an outerction falls onto the
vacancy in the lower energy inner shell, giving1is a series of lines.

An x-ray fluorescence spectrum is produced by exgithe target atom
with a beam of high energy x-ray that is sufficienbugh to knock out
K electrons. After a short time, the excited iorume$ to the ground
state, producing a fluorescence spectrum similartite emission

spectrum. Unlike the line emission spectra, whéee lines appear as
spikes superimposed on the continuous backgrouhdrescence

spectra produce only the line spectrum without th@ntinuous

background. Hence, fluorescence spectra show a guagter signal —
background level and are preferred for analyticadka

3.3 X-Ray Emission Spectrometer

This is a device or instrument used to measureyacally, the emission
of the x-ray radiation by a sample. This instrunmonisists of:

Source of x-ray radiation called x-ray cooltnge,
Specimen chamber

Collimator made of a parallel fine tube

Crystal analyser

Auxiliary collimator

Detector

ok wnNE
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Crystal

X-ray tube Specime Collimator Auxiliary Detector

Analyser Collimator

Fig. 5.1: Block Diagram of X-Ray Emission Spectromter

In this instrument, the fluorescence spectrum isveaiently generated
with high energy x-rays from a Coolidge tube, etleough the sample
could be made the target in an x-ray tube. No Bl@taransparent
materials are available for the fabrication of Eg1gherefore x-rays are
collimated by passage through a series of slita apllection of long
narrow tubes. Likewise, no prisms are availableligperse x-rays but
fortunately, crystals of many salts are able topelise x-rays by
diffraction and serves as excellent monochromatdush crystals are:
Topaz, LiF, NaCl, ammoniumdihydrogenphosphate (AD&thylene
diamine d-tartrate, etc. The Ilarge single crystahalgser
(monochromator) is usually rotated on its axislitam the spectrum.

3.4 X-Ray Detector

Three types of detectors are used to measure taesity of an x-ray
beam:

1. The simplest detector is a photographic film ptate which
darkens when exposed to x-rays. The developed iBlnthen
scanned with a densitometer to record the spectrum.

2. Gas ionisation detectors, such as ionisati@mditer, proportional
counters and Geiger tubes used to measure radibgctare
suitable for x-rays.

3. Some crystals fluoresce in the ultraviolet mible region when
exposed to x-rays.

These crystals may be incorporated in a scintifattounter that also
utilises a photomultiplier tube to measure the neiy of the

fluorescence.

3.5 Non-Dispersive X—Ray Spectrometers

These are compact and relatively inexpensive. Tdieg performance

comparable to crystal monochromator instrumentsegixfor somewhat
poorer resolution of closely spaced lines.
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X —ray
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Sample
Inlet Holder Outlet

Fig. 5.2: Non-Dispersive X-Ray Spectrometer
3.5.1 Applications

All types of solids are easily handled. If necegs#ite sample may be
placed in a thin walled cell or deposited as a filnder cellophane. All
elements above calcium (Z = 20) are readily detecieose between
sodium (Z = 11) and calcium are detected with clifty, and the lighter
elements cannot be detected. X-ray emission sgetpy is widely

used for the analysis of steels and other allogsfanthe determination
of heavy elements in organic samples (e.g. leadbamhine in aviation

fuels). It is highly specific with limits of deteaility as low as a few
parts per million.

3.6 X—Ray Absorption

The absorption of x-rays is similar to the absanmptiof other
electromagnetic energy in the ultraviolet, visiblanfrared regions. The
only significant difference is the energy involvddke the emission
process, the absorption process also concerned tw@&hinnermost
electron. This process identifies the element wHgas of its
environment. Absorption of the x-ray photon is mastbable.

If the energy of the incident photon equals thergyneequired to eject
the electron, that is, the electron leaves withemislly zero kinetic
energy. For example, the absorption spectrum af émmsists of a few
broad peaks with sharp discontinuities called ghismm edges. Each
absorption edge corresponds to the energy requirezgject a K or L
electron. The wavelength of an absorption edgéghtl/ less than that
of the corresponding emission line, because theggnmequired to eject
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electron completely from the atom is greater thandnergy associated
with an outer electron (already in the atom) faglinto the vacancy.

1000

100

10

Absorption

1.0

0.1 f f f f f f f
0.1 0.2 0.5 1.0 2.0 5.0 10
Wavelength (A)

Fig. 5.3: A Graph of Absorption of X-Ray against Wavelength

Beer’s law is valid for the absorption of x—raysdas usually written as
2.303 log (M1) = px

Where } is the incident intensity and | is the intensitansmitted
through a sample thickness of x cm. The proportipnaonstant,u is
called the linear absorption coefficient.

The broad absorption bands as seen above, leadetonterference
among neighbouring heavy elements. For the most, paray
absorption methods are limited to samples contgirminsingle heavy
element in an organic matrix (e.g. lead in gasotinehlorine in chloro
compounds).

3.6 Application of X—Ray Fluorescence Analysis

X-ray fluorescence analysis has the advantageittimhon-destructive.
It can be used for the analysis of works of artuable coins and
forensic materials. Several elements can be datedrin a few minutes,
on only a tiny amount of material. The major disathages are:

0] elements lighter than sodium cannot be deteechireadily

(i)  lower concentrations are not so readily detieed
(i)  the instruments are relatively costly
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(iv) the technique deals primarily with the sudaof the sample
whereas the composition of the outermost layermaterial may
differ from that of the internal layer.

4.0 CONCLUSION
X-ray spectroscopy is a method which deals with ¢hedy of the
interaction between x-ray radiations with matteneTtechnique is very

vital for the analysis of steel and alloys as veslifor the determination
of heavy metal concentration in different samples.

5.0 SUMMARY

In this unit, you have learnt that:

. X-rays are electromagnetic radiation ranging fropowt 0.1 —
2.5A

. there are three main sources of x-rays for analparposes

. X-rays are produced by exciting the target atonhwitbeam of
high energy that is sufficient enough for knock ithrger electrons

. three types of detectors are used to measure titresity of an x-

ray beam namely photographic film, gas ionisatietedtors and
some crystals which fluoresce

. X-ray emission is used for the analysis of steel alfoys as well
for determining the concentration of heavy metals.

6.0 TUTOR-MARKED ASSIGNMENT

I (@) Distinguish clearly between x-ray emissiand Xx-ray
absorption processes
(b)  Calculate the frequency in hertz and energputes of an
x-ray photon with a wavelength of 2.35A
. (@) How would you differentiate between anayrand other
types of electromagnetic radiations
(b)  Briefly explain the basic application of x-ragectroscopic
analysis.

7.0 REFERENCES/FURTHER READING

Christian, G.D. & O'Reilly, J.E. (1986)instrumental Analysis.2fd
ed.). Boston: Allyn and Bacon.

Douglas, A.S.; Donald, M.W.; Holler, F.J. & StanlelR.C. (2004).
Fundamentals of Analytical Chemistry.
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MODULE 2 BASIC ANALYTICAL TECHNIQUES

Unit 1 X-Ray Diffraction Method

Unit 2 Nuclear Magnetic Resonance Spectroscopy
Unit 3 Fluorescence Spectroscopy

Unit 4 Fluorimetry

Unit 5 Fourier Transform Spectroscopy (Interferdnyle

UNIT 1 X—RAY DIFFRACTION METHOD
CONTENTS
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3.1 Definition of X-Ray Diffraction
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1.0 INTRODUCTION

X — Rays are electromagnetic radiations with fainigh penetration
power or energy. The rays have the normal progediewaves most
especially, they can be diffracted.

Diffraction process usually occurs whenever a waeets a barrier with
one or more openings of about the same size asdiresponding
wavelength. Usually, the atoms or ions in cryséasarranged in such a
way that they are separated from one another bgrécplar distance.
Such distances are in the right range to causeys-tabe diffracted.
Thus, the layers of atoms in a crystal act as faadtion grating for x-
rays.
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain the meaning of x-ray diffraction

. explain the basic concept of x-ray diffraction

. describe the different types of x-ray diffractiotperiment
. describe the arrangement of planes in crystals

. list the application of x-ray diffraction analysis.

3.0 MAIN CONTENT

3.1 Definition of X-Ray Diffraction

X-ray diffraction is a phenomenon in which wavexafys spread and
bend as they pass through small openings or arbaitkrs.

Note: Diffraction is more pronounced when the opgnir aperture, or
the barrier is similar in size to or smaller thdme twavelength of the
incoming wave.

3.2 Basic Concept of X-Ray Diffraction

X-rays are electromagnetic waves in which the weawgths are
comparable in size to the spacing between the atorosystals. When
these waves pass through crystals, they diffraet $pread out or bend)
and form interference patterns. These patternsbeaanalysed to gain
information about geometric structure and propsmiethe crystals.

The main reason atoms are able to produce diffragiatterns is due to
the number of electrons they contain. The electetd of x-rays
interacts with the electron cloud around the atdimus, the result of
many of these interactions produces the diffracpatiern. Large atoms
have many electrons. As a result, they producestrengest patterns.
Small atoms, such as hydrogen, have little effact-vay because of the
few number of electrons.

3.3 Types of X-Ray Diffraction Experiments
The first x-ray diffraction experiments were perf@d by bombarding

Zinc Sulphide with high energy electrons. Then thays were passed
through a single crystal as shown below:
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X-rays :\ RN To

absorber

Two pieces of photographic paper

Spots appear on the paper where X-
rays interfere constructively

Fig. 1.1: A Simplified Diagram of Scattering of X-Ray byCaystal

Source: Philip Mathews. Advanced Chemistry: Physical and
Industrial

The second experiment involves the use of a powldgubstance which
is known asPowder Method. In this experiment, crystals of sample to
be analysed are ground to a fine powder and treredlin a tube made
of glass which has little effect on x-rays.

:‘-ﬁ“?'.;:ﬁ To

L A absorer

Powdered

X-rays

crystals

Fig. 1.2: Diffraction by Powdered Crystals

Source: Philip Mathews Advanced Chemistry: Physical and
Industrial, Pg. 170

The sample is surrounded by a cylindrical shegihaftographic paper.
The x-rays are allowed to penetrate through a shudd in the cylinder
and passed into the sample, where the diffracttmuis. A piece of lead
which absorbs any x-rays that pass through the Igansp placed
opposite the entrance hole. The powdered crystalatathe centre. The
reflections of the x-rays produce curved linestmnghotographic paper.
Note: the above diagram represents only one setamfe in a crystal.
The separation between the planes is shown asgi@ @nthe incoming
x-rays. The angle is represented@Diffractions from crystals with
their sets of planes at andewill be arranged in form of a cone. This is
because the photographic film is in the shape ofybnder; the
reflections from the crystals produce a set of edrpatterns on the film.
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3.4 The Effect of X-Ray Diffraction on the Arrangenent of
Atoms

Generally, the extent of diffraction depends on thature and
arrangement of the individual atoms within a crlystéus, the greater
the number of electrons in an atom, the stronger dlifraction or

reflection. If the intensities of the individualap on x-ray photograph
can be compared accurately, then it is possiblele them with the
nature of the electron cloud around the atoms. [Bocurate

measurement of the intensities, an instrument aadiéfractometer is

used. Thus, the intensities of the various refbedi are measured
directly by electronic means rather than by phapgs. When the
results are computerised, electron density map®egroduced.

3.5 Bragg’s Equation

Bragg’s proposed that the formation of diffractipatterns could be
explained by assuming that the x-rays were refteétem the various
planes of atoms in a crystal. According to Braggiplanation, it is
possible to consider that both diffraction andeetilon are equivalent to
one another. Thus, when two rays are diffracteivim different planes,
the difference in the distance travelled by thesesis 2d sifi. So, for
constructive interference, we have:

M\ = 2d sird
where 1A is referring to the path difference in crystals
n is a whole number
A is a wavelength.

If n = 1, reflection is said to be first order.f= 2 it is a 2nd order
reflection and so on.

Example:  When x-rays of wavelength 1.54 x16m passed through
Sodium Chloride, an intense cone is formefl at15.87. If this is taken
as first order reflection then,

1.54 x 10cm= 2 d sin (15.8%

.
Od=232%1 _—582 x 10~% em
2 5in 15.87

Note: d is referring to the spacing between thegda
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3.6  Applications of X-Ray Diffraction

X-ray diffraction can be used to discover the dtres of crystals. The
diffraction patterns of x-ray can also be used tetetmine the
arrangement of electrons around the atoms. Thages good evidence
about the shapes of molecules.

X-ray diffraction has led to the discovery of theutlle helical structure
of DNA.

4.0 CONCLUSION

X-ray diffraction is thus, a method which involvédse spreading and
bending of the rays as they pass through a smalhing or barriers.
This method is useful in determining the arrangenwnatoms in a
molecule.

5.0 SUMMARY

. x-ray diffraction is a method of determining atomand
molecular structures by measuring patterns of et x-rays
after they pass through a crystalline substance

. the diffraction pattern can be measured using sicgystal or a
powder

. x-rays are diffracted from the layers of atomsaorsiin a crystal
according to Bragg’s equatioi = 2d sir®

. the intensity of the spots on an x-ray diffractiphotographs

depends on the electron densities of the aton@nar i
6.0 TUTOR-MARKED ASSIGNMENT

1(a) What is meant by x-ray diffraction?

(b)  The x-ray powder pattern of Sodium Chloridewss a cone 06
= 15.38 using x-rays of wavelength 1.65 x16m. What would
be the spacing between the planes?

2(a) Describe briefly the basic concept of x-réjralction.

(b)  With the aid of a diagram, explain how an y-imdiffracted by a
crystalline substance.

7.0 REFERENCE/FURTHER READING

Philip, M. (2003). Advanced ChemistryPhysical and Industrial
Cambridge: Cambridge University Press.
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1.0 INTRODUCTION

Nuclear Magnetic Resonance (NMR) spectroscopicrigcie is based
on the magnetic properties of certain atomic nudlgignetic properties
are only exhibited by molecules that have eithemat with odd mass
number or an uneven number of electrons. The nsakéatoms with
odd mass number has both spin and magnetic prepe#i spinning
positively charged nucleus possesses a magneticemtomhich is
capable of interacting with an externally appliesdd.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain the basic concept of NMR spectroscopy

. describe the source and pattern of NMR spectra

. explain the operation of NMR spectrometer

. describe instrumental arrangement of NMR spectremet
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3.0 MAIN CONTENT

3.1 Definition of Nuclear Magnetic Resonance Spedscopy

Nuclear magnetic resonance (NMR) spectroscopytelanique that is
based on quantization of the spin angular momeiiutime nucleus.

3.2 Basic Principle of Nuclear Magnetic Resonance

In order to produce an NMR spectrum, the nucleustrhave a net spin.
For a nucleus to have spin, it must contain anmdds number. Thus,
nuclei such adH, °C, °F and®*'P are suitable, whereas atoms with even
mass number, liké°C and*®O are not suitable for NMR. Hydrogen is
the most important element that displays NMR proegrfollowed by
Carbon. Hence, NMR studies enable the detectioth®fpositions of
these atoms within a molecule. This is possibleabse the magnetic
properties of various atomic nuclei differ and #fere tend to
determine their energy absorption in a magnetid fiezhen irradiated
with electromagnetic radiation in the radio freqeyeregion.

3.3 The Source of NMR Spectra

Atomic nuclei possess charge. Some isotopes subH hehave like a
tiny spinning magnet. This is because they podsets electric charge
and mechanical spin. A spinning charge generateagnetic field. The
nuclei of certain isotopes of atoms have spin quamtumber (I) which

is+>. Therefore, they can have either of two spin state. or —:

&

corresponding to the magnetic moment.

In the presence of an external field, the protom deve two
orientations; either aligned with the field callpdrallel orientation or
against the field called anti-parallel orientatidime parallel orientation
occurs at lower energy state while anti-parallelhaher energy. In
addition to this, the proton also precesses arduedaxis of applied
magnetic field. The spinning frequency of the prottbes not change
but precessional frequency is directly proporticiwathe strength of the
external field (H). For example, a proton exposed to an external
magnetic force of 14000 gauss will precess aboutnBlion times per
second so that V = 60 MHz
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/ Precessional orbit
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Proton precessing in a magnetic field,
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Ho = strength of the magnetic field

Ho
Fig. 2.1: Proton Precessing in a Magnetic Field H

When the precessing proton is irradiated with anbeaf radio
frequency, the low energy nuclei may absorb thexgyand move to a
higher energy state. This is possible only if thecpssing frequency is
equal to the frequency of the radio frequency tazha.e. if the two are
in resonance. Hence, the term is called nucleanetagresonance.

3.4 Nuclear Magnetic Resonance (NMR) Spectrum

In NMR experiments, a solution of substance undeestigation is
placed in a strong magnetic field. Then the sotui® irradiated with
radio frequency energy of appropriate frequendiég. energy absorbed
by the protons is recorded as NMR spectrum.

3.5 Pattern of the Spectrum

The environment of each nucleus in a molecule fiem@int depending
on the orbital and bonding electrons. Also the giisan of energy by
the nucleus is in accordance with its environmdititis enables the
hydrogen atoms in a methyl group (- §Ho be differentiated from
those in the methylene group (- @Hand hydroxyl group (- OH).

Example: consider the different environments of ltlgdrogen atoms in
the ethanol molecule, GBH,OH. The frequency at which absorption
occurs for the hydrogen atoms in the —3Qifoups is different from
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those in the — CHgroups which in turn differs from those in the HO
group. As a result, the NMR spectrum of ethanolshtiree absorption
peaks, caused by the hydrogen in each of these gnosips.

-CH,

-CH,
-OH

When it is highly resolved it will be:

-CH,3
-OH -CH,

The spectrum is calibrated against a standard, hwiigs usually
tetramethylSilane (TMS) and then interpreted.

3.6  The Nuclear Magnetic Resonance (NMR) Spectronest

The basic components of an NMR spectrometer af@llas/s:

. Strong magnet

. Radio frequency oscillator

. Radio frequency receiver

. Recorder with calibrator and integrator
. Sample holder

. Temperature control
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R.F.
Transmitter R.F.

Detectof Recorder

Resonance = /f = \\

(Field) sweep \
Transmitter Spinning
Coil Sample

Fig. 2.3: Schematic Diagram of an NMR Spectrometer

Source: Robert M.S. gt al. (1974).Spectrometric Identification of
Organic Compounds

3.7 Operational Procedure

For a non viscous, liquid about 0.5 ml is used &Filr solid samples 10
— 50 mg/0.5 ml solvent is used. The sample solutgoriltered to
remove any particles. About 0.5 ml is put into asgl sample tube with
internal diameter of about 0.5cm. Few drops of ititernal standard
added. The sample is placed in the sample holdérleih for some
minutes for the temperature to equilibrate. Theetidspun at 30 — 60
rps. The spectrum is recorded, and then followednbsgration of the
peaks.

3.8 Application of Nuclear Magnetic Resonance (NMR)

The main use of this technique is in the deternonatf the structure of
organic compounds based on the absorptions of ydeogen nuclei.
The technique is also vital in the study of reactticates and
mechanisms.

4.0 CONCLUSION

Nuclear magnetic resonance is mainly used to d#tedtydrogen atoms
in a molecule.

In a magnetic field, the proton in the nucleus atle hydrogen atom
changes its spin state when it absorbs the reqaineount of energy.
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The frequency of the radiation absorbed dependsthenchemical
environment of the proton.

50 SUMMARY
In this unit, you have learnt that:

. nuclear magnetic resonance spectroscopic techmsgbased on
the magnetic properties of certain atomic nucleiiclwhare
exhibited by molecules containing atoms with odégsmaumbers

. in the presence of external magnetic field, thagraan either
be aligned with the field (parallel orientation) against the field
(anti-parallel orientation)

. NMR enables the detection of positions of atomshwvita
molecule.

6.0 TUTOR-MARKED ASSIGNMENT

I Explain the basic principle behind NMR spectroscopy
. With the aid of a good schematic diagram, describe
instrumental arrangement of NMR spectrometer.

7.0 REFERENCES/FURTHER READING

Abraham R.J.; Fischer J.P. & Loftus, P. (199R2frdduction to NMR
SpectroscopyUnited Kingdom: John Wiley.

Robert, M.S.; Clayton, G.B. & Terence, C.M. (197&pectrometric
Identification of Organic Compounds(3rd ed.). Wiley
International.

Willard, H.H.; Merritt, L.L.; Dean, J.A. & SettlefF.A. (1988).
Instrumental Method of Analysigth ed.).
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1.0 INTRODUCTION

Fluorescence is a photoluminescence phenomenorhichvatoms or

molecules are excited by absorption of electromagmadiation. The

excited atoms then return to the ground state, ewbiVing up their

excess energy as photons. One of the most intege$tiatures of

molecular fluorescence is its inherent sensitivityich is an advantage
over the conventional absorption spectroscopy. Th®rescence

method also has a larger linear concentration ratigen those

encountered in absorption spectroscopy. Fluorescanethods are
much less widely applicable than the absorptiorhodt because of the
limited number of molecules that show appreciahierescence.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain the meaning of molecular fluorescence spscopy

. highlight the basic concept of molecular fluoreseEen

. distinguish between excitation spectra and flu@ese spectra
. relate fluorescence with the molecular structure

. describe the effect of temperature and solventumrdéscence

. illustrate the basic arrangement of fluorescensgument.
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3.0 MAIN CONTENT

3.1 Definition of Fluorescence Spectroscopy

Fluorescence is a radiation produced by an atormadecule that has
been excited by photons to a singlet and excitaie st

3.2 Basic Concept of Molecular Fluorescence

When a fluorescent substance absorbs a photonamitwu of light, one

of its orbital electrons is raised to a remote todmnd consequently
elevates the molecule to a transient high energytezk state. As the
elevated electron drops back to its original ortsie photon activated
molecule regains its original low energy groundestay emitting part of
the absorbed energy at specific light wavelengtgh an emission is
called fluorescence if the emitted light has a Emgavelength than the
absorbed light and its emission commences almosteuately on

exposure to the exciting short wavelengths andsstahin 10° sec of

termination of the source exposure.

The energy level diagram of fluorescence radiasashown below:

E

Es

-« Fluorescence emission

PN
LIN

PR
N

Eo

Fig. 3.1: Energy Level Diagram of Fluorescence Emission
Where E is the ground state, while;Eand E are the corresponding

excited states

3.3 Relationship between Excitation and Fluorescerc
Spectra

The excitation spectra or absorption spectrum aqmately appear as a

mirror image of fluorescence spectrum. This is heeathe energy
differences between vibrational states are aboat shme for both
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ground and excited states. This effect is demaotestray the spectra of
anthracene, as fluorescent substance.

Excitation Wavelength, nm

300 350 400
T I
Foy
2
3
£ (a)
Fy
z
3
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< (b)
e
3
3
S
300 350 400

Emission Wavelength, nm

Fig. 3.2: (a) Excitation Spectra (b) Emission Spectra

There are many exceptions for this mirror image,ruhost especially
when the excited and ground states have differehcnlar geometries
or when different fluorescence bands originate frdifferent parts of
the body.

3.4 Fluorescence and Structure

Under normal condition, compounds containing aranaings of
benzene give the most intense and most useful maletiuorescence
emission. Certain aliphatic and alicyclic carboogimpounds as well as
the highly conjugated double bond compounds alsordéisce, but these
are very few as compared to those of aromaticsingcture.

Most of the unsubstituted aromatic hydrocarbonsréiace in solution
and the efficiency increases with the number ajsiand their degree of
condensation. The simplest heterocyclic moleculash sas pyridine,
furan, thiophene and pyrole do not exhibit or pessenolecular
fluorescence properties. But fused ring compoutd€tsires containing
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these rings often fluorescence. Also substitutionam aromatic ring
causes the wavelength of absorption to shift as aslcorresponding
changes in the fluorescence peaks. Structuralitygadso increases the
ability of a compound to fluoresce.

Additionally, substitution affects the fluorescereféciency.
Examples of fluorescent compounds include:

N

~ IANEY
= =
Quinoline Isoquinoline
—
RN
Indole
Fig. 3.3: Typical Aromatic Compounds that Fluoresce

3.5 Effects of Temperature and Solvent

Generally, quantum efficiency of fluorescence dases with increase
in temperature. This is because the increased drexyuof collision at

elevated temperatures increases the probabilitpliiional relaxation.

Also a decrease in solvent viscosity leads to sinaffect.

3.6 Effect of Concentration

The intensity of fluorescence radiation (F) is pxinal to the radiant
power of the exciting beam absorbed by the system.

e. F=K(@}-1) (1)
Where }, is the power of the incident beam on the solutad | is the
power of the transmitted radiation, while K is astant.

Thus, to relate F to the concentration (C) of terkescent substance,
Beer’s law is applied as follows:
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i — 10-:‘1‘.‘5
Il}

Wheree is the molar absorptivity of the fluorescing malkecandebc is
the absorbance (A).

Generally, Fu C or
F=KC

Thus, a plot of the emitted fluorescence intensdgainst the
concentration of the solution gives a linear graphis is because for
dilute solution, Beer’s law is obeyed.

—
Fluorescent Intensity

Concentration
—>

Fig. 3.3: A Graph of Emitted Fluorescence Intensity agaitmgt
Concentration of Solution

Note: At high concentration, the relationship is noeln. This effect is
as a result of primary absorption in which the diecit beam is absorbed
so strongly that fluorescence is no longer propasi to concentration.
At very high concentrations, F reaches a maximuthraay even begin
to decrease with increasing concentration becausesegondary
absorption. This process occurs due to absorptibrthe emitted
radiation by other analyte molecules.

3.7 Instrumentation
Different types of fluorescence instruments areilalike. The optical

diagram of the typical instrument for fluorescenceasurement is
shown below:
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Fig. 3.4: A Typical Fluorescence Spectrometer

Source: Skoog’ et al. (2004). Fundamentals of Analytical
Chemistry.

The source of radiation is a mercury lamp. The simisis measured at
right angle to the mercury arc lamp source. Flumerse radiation is
emitted in all direction and the 90 degrees geoyretpids the detector
viewing the source. The instrument uses two gratmanpnochromators
which allow the scanning of excitation spectra amdission spectra
(emission wavelength scanned at a fixed excitatramelength). It also
synchronises the two spectra together.

3.8 Applications of Fluorescence Methods

Fluorescence methods are used to study chemicdibeiguand kinetics
in the same way as absorption spectrophotometysésl. It is often
possible to study chemical reactions at lower cotreions due to
higher sensitivity of fluorescence technique. Fasaent probes or tags
can be attached covalently to specific site in maes such as proteins
for easy detection and monitoring. These tags dan be used to
provide information about energy transfer processes

Also, quantitative fluorescence methods have bemreldped for the

analysis of inorganic, organic and biochemical rooles. The inorganic
fluorescence methods could be done directly orréutly. The direct

methods are based on the reaction of the analyite avicomplexing

agent to form a fluorescent complex, while the iaci method depends
on the decrease in fluorescence as a result afagtten of the analyte
with a fluorescent agent.
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With respect to organic and biochemical applicatjofluorescence
method is used to determine amino acids, protegctenzymes,
vitamins, nucleic acids, alkaloid, flavonoids, sids and many other
metabolite. Also, fluorescence is widely used atetection technique
for liquid chromatographic methods, for fluoro-aysaé methods and
electrophoresis.

4.0 CONCLUSION

From what you have learnt, it is clear that fluosrsce is a radiation
produced by an atom or a molecule that has beatedxXzy photons to a
singlet state and the fluorescent compounds comtaitiple conjugated

bond systems or aromatic rings. The technique g vaportant for
both qualitative and quantitative analyses.

5.0 SUMMARY

In this unit, you have learnt that:

. molecular fluorescence involves the emission ofiatath as
excited electrons return to the ground state

. the wavelengths of the radiations emitted are @hfiefrom those
absorbed and useful in the identification of a roole

. the intensity of the emitted radiation can be useduantitative
method while the wavelength of maximum emission lsaused
gualitatively

. fluorescent compounds contain multiple conjugateidsystems
or aromatic rings with associated delocalised edast

. most molecules that fluoresce have rigid planercsiires.

6.0 TUTOR-MARKED ASSIGNMENT

1(a) How would you distinguish between excitataod fluorescence
spectra?

(b)  Why do some absorbing compounds fluorescdewtthers do
not?

2(a) Explain why molecular fluorescence usualgws at a longer
wavelength than the exciting radiation?

(b)  Describe the components of a fluorometer atade swhy the
instrument is double-beam in design.
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1.0 INTRODUCTION

Molecules of some substances under certain conditabsorb radiant
energy and after an interval of 1@r 10® seconds, the excited electrons
return to a lower energy level, and the energy dpe@mitted as visible
light. This radiation is termed fluorescence. Undlee conditions of
biological and biochemical analysis, this energys ha greater
wavelength that is lower energy than the excitiragiation. In
fluorimetry, there is absorption and emission.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. describe a fluorimeter

. explain the mode of operation of the instrument

. explain quenching and sensitivity of the instrument

. state the application of a fluorimeter

. enumerate the various precautionary measures tobberved

when using fluorimeter.
3.0 MAIN CONTENT

3.1 Definition of Fluorimeter

An instrument that is designed to measure the sitleif fluorescence
is called fluorimeter.
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3.2 Mode of Operation of the Instrument

In photoelectric fluorimeters, a beam of ultravidight (< 400nm) of
regulated uniform intensity from a mercury vapamp passes through
a diaphragm to fall on either an incident wavelangelector or an
exciter filter. This filter or selector transmitalg such UV wavelengths
which are close to the absorption maximum of theriéscent substance
to be estimated, and cuts off all other wavelemgthuding those above
400nm. The UV wavelengths emerging from this seleor filter are
focused by a lens system to the test solutiontiarssparent cuvettes or
sample cell. The fluorescent solute in the solutiemits long
wavelengths of visible fluorescent light on absogoUV rays. To avoid
unabsorbed and undeflected UV rays being transnitteough the
solution, long wavelength fluorescent rays, emerdgmom the sample
cell at only an angle to the path of the excitirggiim, are made to pass
through an emitted wavelength selector or a bafitter. This filter cuts
off any UV ray which might have been deflected frdme sample cell,
and transmits only the specific long wavelength#uarescent rays to a
lens system. The system focuses the fluorescerglerayths to a photo
cell which consequently generates a current inctlipgoportion to the
intensity of fluorescence. This current pulse ighined and measured.
A schematic diagram of a fluorimeter is shown below

Filter

— |—» Sample
UV Source

Filter 2

\Fj Detector

Fig. 4.1: A Simple Fluorimeter Design

Source: Gary D. Christian.Analytical ChemistrySixth Edition.

3.3 Quenching

When there is a reduction in the intensity of feswent due to the
specific effects of constituents of the solutioselt quenching occurs.
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For example, phosphate buffers quench fluoresceMgben the
fluorescent substance is responsible for the absarpf fluorescence, it
is known as self-quenching. Quenching can also desexd by the
transfer of energy by the collision of the excitewlecules of the
fluorescent material with molecules of solventsalute.

3.4 Sensitivity

For very low concentration of substances, the seitgiof fluorescence
is proportional to concentration, provided the @Rrgi energy remains
constant. At higher concentrations of solutionss tear relationship
tends to be destroyed.

Fluorescence is sensitive to such variables aesylpH, temperature,
impurities and the presence of ions such as CN®r’, CI, which have
all marked quenching effect, e.g.” Gluenches the fluorescence of
guinine.

Nevertheless, with more sensitive equipment, flmetric procedures
can be more sensitive than spectrophotometric rdsthy an order of
magnitude of at least 160 10.

3.5 Applications
The instrument can be used for the analysis of:

Thiamine, vitamin B1 and Riboflavin

Ruthenium in the presence of other platinum metals.

Quinine in dilute sulphuric acid solution.

Riboflavin (vitamin B) using their native fluorescence.
Histamine and histidine by reacting with o-phthadddyde.
Magnesium by reacting with 8-hydroxyquinoline andpluric
acid.

Amphetamines by reacting with formaldehyde and ydcet
acetone.

oA WNE

~

3.6  Precautions for Usage

For practical purposes, the following precautionasinbe observed
when using Fluorimeters:

1. The solvent used must be non-fluorescent and muistainsorb
radiation in the spectral regions used in the paldr assay.

2. Pyrex or quartz cuvettes must be used because eofslight
fluorescence or ordinary glass.
3. Filters should be checked for contribution to blae&dings.
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oo

4.0

Stopcock and other greases give rise to problerdsshauld be
avoided.

pH and temperature must be carefully controlled.

Solutions must be free from gas bubbles, suspesdbds and
turbidity.

Exciting radiant energy sometimes done slowly cleanghe
colour or intensity of fluorescence reading anddeemust be
made rapidly.

Internal standards should be used to detect quegclor

alteration in colour of fluorescence — comparisbowd be made
between an internal and external solution.

CONCLUSION

Fluorimetry is a method of analysis which meastutes intensity of
fluorescence that can be used in estimating theesdration of a
fluorescent substance in solution.

5.0

SUMMARY

In this unit, you have learnt that:

b)
c)

2.(a)

(b)

fluorometry involves the measurement of the intignsof
fluorescence radiation emitted by fluorescent sarirs
fluorimeter is an instrument used to measure tkensity of the
emitted fluorescence radiation from a given sample
fluorometer consists of light source, filters aredeittor
fluorimetric method can be used to analyse a wariet
substances such as thiamine, riboflavin, quinite, e

TUTOR-MARKED ASSIGNMENT

What is meant by each of the following?

Fluorimetry
Fluorescent filter
Quenching

With the aid of a suitable schematic diagrdescribe the mode
of operation of a fluorimeter.

Explain why pyrex or quartz cell must be ugedtead of a
normal glass while measuring the emitted fluorescadiation
from a given sample.
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1.0 INTRODUCTION

Fourier transform spectroscopy is a non disperngugknique which uses
an array of detectors to measure the entire spactati once or
simultaneously. The spectrum is spread into itsviddal component
wavelengths and each small band of wavelengthrecidid onto one
detector. Thus, Fourier analysis is a mathematiegl to decompose a
signal into its component wavelengths that candierchined at once.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain the meaning of interferometry

. describe the instrumental design of an interferemet

. state the application of interferometry

. list the advantages of FTIR in relation to inteoi®@eter device.

3.0 MAIN CONTENT

3.1 Definition of Interferometry

The Fourier transform infrared (FTIR) instruments bt contain any
dispersing device and all wavelengths are deteeied measured
simultaneously. In this case, instead of monochtoma device called
interferometer is used to produce interferenceepadtthat contain the
infrared spectral information. Hence, the technigqie called
interferometry.
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3.2 Interferometer

Interferometer is a non-dispersive device that iobtaspectral
information through constructive and destructiveeiference used in
Fourier Transform Infrared instrument.

An interferometer is the heart of a FTIR spectraphweter. It consists
of a collimated light source, a stationary mirrortlae top, a movable
mirror at the right, a beam splitter and a detecibe light source may
be a laser or sodium arc lamp. The mirrors areigicet polished ultra-
flat glass with a reflecting coating vapour depasion their surface.
The movable mirror is mounted on a very precisedmbearing that
allows it to move along the direction of the ligilgam while remaining
perpendicular to it.

The beam splitter is the key heart to the operatiotine interferometer.
It allows a fraction of the light to pass throudje tmirror and reflect the
other fraction or part. The device works in bothediions, so that light
falling on either side of the beam splitter is @it reflected and
partially transmitted.

3.3 Instrumentation

The instrumental representation of an interferomstehown below:

I Stationary mirror

S
Y
1
. Movable
Beam splitter ]
~ mirror
Source oo
@ g hl ///,, 0 o h M <:[>
i 4
: | Sample
: : position
—_ _I
QDetector
Fig. 5.1: A Schematic Diagram of Interferometer
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As seen in the above diagram, a beam from the $ightce falls on the
splitter which then splits the beam into two pafise two beams travel
in separate paths and converge on the detectortvilthbeams (OS and
OM) converge in the same region of space and fammngerference
pattern. As the movable mirror in the right is mdyvéhe interference
pattern shifts across the detector and modulate®piical signal. The
resulting reference interferogram which is a plobatput light intensity
against the wave number X}/is recorded. This is used as a measure of
the power of the incident beam at all wavelenglfmsabsorbing sample
is then inserted into the beam, and a sample artagfam is recorded.
The two interferograms are then used to compute ahsorption
spectrum of the sample.

Example,

Intensity

Wave number (1/A\) cm™
Fig: 5.2: An Interferogram of the Light Source

3.4 Sample Application

In a Fourier spectrophotometer, the sample in hisalsually placed
between the output of the interferometer and theatier. As the light is
passing through the sample, it then absorbs cewairelengths of the
incident light. Since the sample absorbs certaimeleangths of light, the
interferogram contains the spectrum of the sounceisithe spectrum of
the sample. An interferogram of a reference sar(igknk) containing
only the solvent is first recorded and transformetb a sample
spectrum. The two interferograms are then used dmpate the
absorption spectrum of the sample.

3.5 Advantages of FTIR

The FTIR spectrophotometer is a very sophisticatsttument. It has
advantages of. speed, frequency accuracy, moreiezfti use of
radiation by the interferometer, improved signahdaa built data
handling capabilities.
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These advantages cause the rapid displacemeraditidnal dispersion
instruments.

4.0 CONCLUSION

Interferometry is a technique which uses interfeztam instead of a
monochromator to produce an interference patteat tontains the
infrared spectral information.

5.0 SUMMARY

In this unit, you have learnt that:

. interferometry involves the use of a device caligdrferometer.
. interferometer is the heart of FTIR instrument.
. An interferometer consists of a beam splittertadi@nary mirror

and a movable mirror. Reflection of the light frotme two
mirrors creates an interferogram.

. fourier analysis is a mathematical way to decomg@osignal into
its component wavelengths.

6.0 TUTOR-MARKED ASSIGNMENT

1(a) Explain briefly, the modifications made on Heu Transform
Infrared Spectrometry.

(b) A typical FTIR spectrometer covers a wavelenginge from 3 -
15um. How would you express this in: (1) wave numbed &)
hertz?

2. How would you distinguish an infra red spectréenérom FTIR
spectrometer?

7.0 REFERENCES/FURTHER READING
Daniel, C.H. (1982)Qualitative Chemical Analysi¢2nd ed.).

Douglas, A.S.; Donald, M.U.; James, F.H. & Stanl&€y, (2004).
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1.0 INTRODUCTION

Voltametry encompasses a sophisticated collectidn apalytical
techniques in which the relationship between vatagd current is
observed during electrochemical processes. The rnsajodivision of
voltametry is polarography, a sensitive electrobgial technique that
is especially useful for trace analysis. The secorajor classification
within voltametry is amperometry.

In polarography, the current flowing through thdl c® measured as a
function of the potential of the working electrodiésually, this current
Is proportional to the concentration of the analyiee most sensitive
polarographic procedures have a detection limitr i@ M and a
precision around 5%. Less sensitive polarographethods operating
with ~10° M analyte are capable of a precision of a few terh
percent, though 2.3% is most common.

73



CHM312 INSTRUMENTAL METHODS OF ANALYSIS

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. define polarography

. explain the mode of operation of a simple polarpgra
. describe the shape of a polarogram

. enumerate the applications of polarography.

3.0 MAIN CONTENT
3.1 Definition of Polarography

Polarography is a technique in which the curreotwihg into an
electrolysis cell is measured as a function ofapglied potential.

3.2 Mode of Operation of a Simple Polarograph

Apparatus for a direct-current polarograph expenims shown below.
The mercury pool provides a large area anode il polarisation.

The attached mercury drop is the cathode and dslgtdetachment of
the drops minimizes contamination. The nitrogerpkebe solution free
from oxygen which affects the performance adversdlptassium

chloride electrolyte is used to increase the cotidtyc because of large
negative discharge potential of the potassium ion.

The applied voltage is gradually increased andrér&tion in current is

measured. The potential of the cathode is detednineinserting into
the solution, a standard electrode. Thus:
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Nitrogen
Platinum
Variable voltage

S
st

Saturated solution

4

]
2

of KCI
\/
— Mercury
(P Mercury drop
0
/\/—"\ﬂ'\,_\
— Sintered glass <

Fig: 1.0: A Polarography Apparatus
Source: G.R. Palin.Advances in Analytical MethodBage 207.

3.3 Shape of a Polarogram
A graph of current versus potential in a polarobrapexperiment is

called a polarogram, and for a solution containiogly one
dischargeable species,"Mit has the form shown below:

T

Half wave
I (Diffusion Current)

Potential

Current

1

1

1

1
LoD
1

1

1

1

1

1

1

]

1

1

|

1
A
]

1

1

1

1

1

1

1

]

P

v

Voltage

Fig. 1.1: A Polarogram
Source: Daniel, C. Harris.Quantitative Chemical Analysi&nd
ed.). Page 454
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Theoretically, the current should be zero whenvitlage is insufficient
to produce the discharge potential in the cathbdé,n practice, there
will be some small current. When the discharge m@kof the ion M*
Is reached, the current increases rapidly as thageis increased until
the concentration polarisation becomes so greathlealimiting current
is attained. Any further increase in the appliettage will produce little
or no charge in the current. It has been shown thathalf wave
potential P is independent of the ionic concerdrgtiand for a given
potassium chloride concentration, there is a fixatle of P which
corresponds to a given ionic species. This enaldeslitative
determinations to be carried oug. i known as the limiting diffusion
current which is dependent on the concentrationMJf. Hence,
guantitative determinations can also be possible.

3.4 Applications of Polarography

. The technique is effective in the qualitative idiecation of an
unknown.

. Polarographic technique can be used to study thes raf
chemical reactions that compete with the electredetions.

. It can also be used to determine more than one igpeécies in

solution; but this requires a series of steps @& shme form
which occurs when the discharge potential of eguoéciss is
reached.

. The technique is also effective in the determimatbvery dilute
solutions.

4.0 CONCLUSION

Polarography is a method in which the amount ofenirflowing into
an electrolytic cell is measure as a function efdpplied potential.

5.0 SUMMARY

In this unit, you have learnt that:

. Polarographic method measures the amount of cufl@ning
through an electrolytic cell

. The amount of current is directly proportional tdet
concentration of the analyte

. A plot of current against the electrical potentfoduces a
polarogram

. Polarographic method is used in qualitative idesdtfon of
compounds and to study the kinetic parameters mesthemical
reactions.
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6.0 TUTOR-MARKED ASSIGNMENT

1(a) Define the term polarography

(b)  With the aid of a diagram, describe the mofleogeration of
typical polarographic equipment.

2(a) State the application of polarography in giieal research

(b)  Give an illustration of a polarogram and expldne meanings of
(1) halfway potential, (2) diffusion current.

7.0 REFERENCES/FURTHER READING

Bard, A.J. & Faulkner, L.R. (1980Electrochemical MethodsNew
York: Wiley, UK.

Koryata, J. (1993)lons, Electrodes and Membrar{gnd ed.). USA:
Wiley-Liss Inc.
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1.0 INTRODUCTION

Coulometry is an electro-analytical method of as@lyFaraday’s laws
of electrolysis form the basis of quantitative @uaétric analysis. You
should recall that according to this law: The weigli substance
liberated during electrolysis is directly proporn#& to the quantity of
electricity passed. Also the weight of substandssrdted by the same
guantity of electricity is in direct proportion tbeir equivalent weights.
Coulometric methods are performed by measuring gbantity of
electrical charge required to convert a samplenaflyge quantitatively
to a different oxidation state.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. define coulometry

. describe the different types of coulometric analysi
. itemise the steps involved in coulometric titraon
. carry out some coulometric calculations.
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3.0 MAIN CONTENT

3.1 Definition of Coulometry

Coulometry is an electrolytic method of analysistths based on
measuring the number of electrons used in a chénaiaation.

3.2 A Typical Example of Coulometric Process

In coulometry, cyclohexene may be titrated with ®hich is generated
by electrolytic oxidation of Bromide (Br

.e. 2Br—Br,+2¢

Br
o )~
Br

Cyclohexene 1,2 — dibromo-
cyclohexane

Then;

In the above reactions, enough of bromine is geeérm react with all
of the cyclohexene. Thus, the number of moles eftedbns liberated is
twice that of By and hence, twice the moles of cyclohexene.

In coulometry, the reaction between, Bind cyclohexene is carried out
using a coulometric apparatus. During the processmugh By is
generated by the platinum electrode positionedhat left side. The
generated Brthen reacts with cyclohexene. If all of the cyaréne has
been reacted, the concentration of Br the solution suddenly rises
which indicates the end of the reaction.

The rise in concentration of Bis detected by measuring the electric
current that is applied in the process. Thus, allswo#tage is applied
between the two electrodes but this is not enowugleléctrolyze the
solute. When the concentration of,Bsuddenly increases, a current
flows as a result of the reaction taking place athtcathode and anode.
Thus, the sudden increase in current is taken asetid point of
cyclohexene titration.

3.3 Types of Coulometry

There are two common types of coulometric methodsnely:
Controlled potential and constant current.
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3.3.1 Constant Current Coulometry

In this type of analysis, a constant current isiagpvhenever the power
is connected to the electrodes. This method isedattoulometric
titration. If the current is known, the time readrfor complete reaction
IS measured in order to count the coulombs.

Le. q=It (D)

The power supply is built to automatically measuhe time of
operation. When the current is multiplied by thaditaken, the number
of coulombs used in the titration is obtained.

3.3.2 Controlled Potential Coulometry (Potentiostdt)

In this method, the potential of the working eled& is kept at constant
level in such a way that only the analyte is resgaa for conducting
charge across the electrode and solution interflice.charge required
to transform the analyte into product is determitgdrecording and
integrating the current against time curve durimgelectrolytic process.

le. g=[ rdt (2)

In this case the current is initially high and dmges exponentially as
the concentration of the analyte sample decreadmss, the current
decreases with time. Also the power supply contansircuit that

automatically integrates equation (1) to calculdke number of

coulombs applied.

Controlled potential coulometry is more selectivert the constant
current. As the current decays or decreases expalign the
equivalence point is never reached. But the egemnad point can be
obtained by setting the current decay to an amyitvalue. Example, the
current will be 1% of its initial value when 99% tble analyte sample is
consumed. On the other hand, the current will B800when 99.9% of
the analyte has been used up.

3.4 A Typical Example of Coulometric Calculations

Assuming that a 2000 ¢mof solution containing 0.7113 mg of
cyclohexene/crhis to be titrated against bromine. If the couloenés
operated at a constant current of 5.820mA, whatldvine the time
required for complete titration?

(Molar mass of cyclohexene = 82.146; 1F = 96485C)
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In this case, the quantity of cyclohexene is caliad as follows:

2000 mi =0.7113 f1rl
= - MM — 17.318 mol = 0.0173 m mol
22.146mg fmmol

Since 82.146 is the molecular weight of cyclohexand each mole of
cyclohexene requires one mole obBrhich in turn requires two moles
of electrons to flow through the circuit.

Therefore, for 0.01732 mmol of hexane to react38463 mmol of
electrons must flow.

Moles of &= "rf

- _ meles of e xF
' P

__ 03463 x107% %964 85 C /mol
5.820 x1073C /=

= 574.102 s/mol

3.5 Current Efficiency Requirements

In all coulometric methods 100% current efficiensyequired. That is
each Faraday of electricity must bring about a ¢bahthange in the
analyte equivalent to one mole of electron. Notat thO0% current
efficiency can be obtained without direct parti¢ipa of the analyte in
electron transfer at an electrode.

For example, chloride ion (@l may be easily determined using
controlled potential coulometry or coulometricdtions with silver ion
(Ag") at a silver anode. The silver ion then reacts whloride ion to
form a precipitate or deposit of silver chloridehel quantity of
electricity required to complete the silver chl@ritbrmation serves as
analytical variable.

In this case, 100% current efficiency is realisedause the number of
moles of electrons is essentially equal to the remtf¥ moles of
chloride ion in the sample, even though these amsot react directly
at the electrode surface.

3.6 Instrumentation

The equipment required for a coulometric titratmnsists of a source
of constant current, a titration cell, a switchtimmer and a device for
monitoring current. When the switch is moved toipas 1, the timer
starts and initiates a current in the titrationl.cé/hen the switch is
moved to position 2, the electrolysis and the tiarer stopped. With the
switch in this position, the current continues te thrawn from the
source and passes through a dummy resistiah& has about the same
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electrical resistance as the cell. This arrangene@sures continuous
operation of the source, which aids in maintairangpnstant current.

Constant Current Source

1
Switch

Curren Titration
t e
ao'.zz ln nnnnnn — ce"
Ro

Fig. 2.1:  Conceptual Diagram of a Coulometric
Titration Anparafi

Source: Skoog; et al, (2004). Analytical Chemistry.

But the instrument used for controlled potentiallometry consists of
an electrolytic cell, a potentiostat and a devioe determining the
charge consumed by the analyte sample.

Two types of cells are used. The first consistsaoplatinum gauze
working electrode, a platinum wire counter electraghd a saturated
calomel reference electrode. The counter electibdeparated from the
analyte solution by a salt bridge, which contalms $ame electrolyte as
the solution being analysed. This bridge is neettedorevent the
reaction products formed at the counter electrddas diffusing into
the analyte solution and interfering.

The second cell is made of mercury cathode. Thisugsful for
separating easily reduced elements as a prelimisgy in analysis.
This electrode is also useful in the coulometritedmination of several
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metallic cations that form metals that are solublanercury. In this
application, there is only little evolution of,Hgas even at high applied
potentials.

3.7 Advantages of Coulometric Titration over the
Conventional Titrations

Coulometric titration has a lot of advantages cwarormal volumetric

titration. Among the advantages is the eliminatminthe problems

associated with the preparation, standardisatiahséomrage of standard
solutions. This advantage is particularly significavith reagents that
are not stable such as chlorine, bromine, etc. Werohdvantage is that
coulometric method excels when small amounts olyémés to be used

in the titration. But with conventional titrationt is inaccurate and
inconvenient to use very dilute solutions and swallimes.

In coulometric procedure, a single constant currgmirce provides
reagents for precipitation, complex formation, ameutralisation or
redox titrations. But this is not possible in notnaalumetric titration.
Finally coulometric titrations are more versatitedanore accurate than
the conventional volumetric process.

3.8 Application of Coulometric Methods

Coulometric methods have been used to determineraeglements in
inorganic compounds and synthesize organic commound

But generally, coulometric titration is applied in:

. Neutralisation titration

. Precipitation and complex formation reactions egulometric
titration with EDTA are carried out by reduction thfe ammine
mercury (II) EDTA chelate at mercury cathode.

. Oxidation — reduction (redox) titration — coulomettitrations
have been applied for many redox titrations

4.0 CONCLUSION

Coulometry is a method of analysis which is basedmeasuring the
number of electrons used in chemical reactions.
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5.0 SUMMARY

In this unit, you have learnt that:

. coulometry comprises a series of analytical teamsqgin which
the quantity of electricity needed to carry outh@mical reaction
is used to measure the quantity of analyte present

. coulometric titrations are carried out at a contstamrent

. controlled potential coulometry is operated at tamispotential
and is more selective than coulometric titration

. measuring the electrons consumed in the reactiachgeved by

electronic configuration of the current versus ticoeve.
6.0TUTOR-MARKED ASSIGNMENT

1(a) Differentiate between controlled — potent@ulometry and
constant — current coulometry.

(b)  Why is it necessary to isolate the workingcelede from the
counter electrode in a controlled — potential cmétric analysis?

2. In a certain coulometric experiment, 5.32 mAoirent is passed
for 964s for complete reaction of a 5.00 ml of quid of
unknown cyclohexene solution.

(@) How many moles of electrons passed througlceh@
(b)  How many moles of cyclohexene reacted?

7.0 REFERENCES/FURTHER READING
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Koryata, J. (1993)lons, Electrodes and Membrand2nd ed.). USA:
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Koryata, J.; Dvorak & L. Kavan (199@principles of Electrochemistry
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1.0 INTRODUCTION

Conductimetry analysis involves the applicationetéctrolytic cell to
measure the conductance of a given solution. Thivased on the
electrical properties of ions present in the solutio be analysed. When
a current is passed through a solution containggptive and positive
ions, such ions move towards the electrodes caytyia current into the
solution. Positively charged ions migrate towartle tcathode and
negative ions towards the anode. But, the ratehathwthe ions move is
influenced by a lot of factors such as the degffethe solvation of the
ions, temperature and viscosity of the medium. &ithe movement of
lons is responsible for the conduction of eledlyithrough the solution,
the extent of flow of current is dependent on thenher of ions per unit
volume of solution (concentration), the ionic cleargnd the rate of
migration towards the electrodes. Also, the exteht conduction
depends on the potential difference across thdisnlu

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. define conductimetric analysis
. explain the principle of conductimetric analysis
. list the basic applications of conductimetric asay
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3.0 MAIN CONTENT

3.1 Definition of Conductimetry

Conductimetry is an electrolytic technique thauged to measure the
conductance of sample solution based on the atatproperties of the
constituent ions.

3.2 Basic Concepts of Conductance Analysis

The current passing between the two electrodearrsed by the ions in

the solution and is related to the number of iores@nt. This is as a
result of both the molar concentration of the coommband its extent of
lonisation. The anions donate electrons to the anekile the cations
accepts electron from the cathode. It is this femef electrons that
determines the amount of current flowing and thetrdoution of each

ionic specie is determined by its ionic mobility.

The current flowing through a conductor is defilgdOhm’s law which
states that the electric current flowing througlkcaductor is directly
proportional to the applied voltage and inversetgportional to the
resistance of the conductor.

i.e. Current (I) =el=ee (V)

FRegistance(R]

But in terms of conductance (C),
I=CxV

3.2.1 Specific and Molar Conductance
The specific conductance (K) of a given solutiondisfined as the
conductance per centimetre of a solution that hasss-sectional area

of 1 cnf, and is measured in S &nfor in non Sl unit of2*cm™).

The molar conductance\] is the specific conductance of a solution
corrected for the concentration of ions in the gsotu

That is, Molar Conductance = Conductance x Volume of sofutighich
contains 1 gram mole.

NOTE: The value of conductance decreases as theeotation of the

solution decreases, but the value for molar corathegt increases. This
is due to increased dissociation of moleculeslit@lisolutions.
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3.3 Conductimetric Measurements

The basic instrument used for conductimetric messents is called
conductivity meter. This instrument has a basicarmgement of a
Wheatstone bridge. In this case, the conductanselafion is measured
using an alternating current rather than a direet. dhis is to prevent
the accumulation of charges at the electrodes wiighld change the
composition of the solution at the electrodes arttcbduce substantial
errors in the measurement.

The basic circuit diagram of the instrument is gibelow:

Cell

R:

o o]

Fig 3.1: A Wheatstone Bridge

With fixed resistance, Rand R, the variable resistance,Rs adjusted
until current just flows through the galvanometddnder these
conditions,

Ri X Ry = Reel X Ry

This gives a value for resistance of the cell whielm be converted to
conductance by calculating the reciprocal.

The electrodes conductivity cells are usually matiglatinum coated
with platinum black with a known area. Despite thmmany cells the
distance between the electrodes is adjustableinbaby experiment it
must be held constant and for many calculationspifeeise value is
required. The cells must be thermostatically cdletdo because any
changes in temperature will cause significanceatiten of conductivity
values.
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3.4 Experimental Precautions

. Solvent purity

The presence of ions in the water used in condugctiweasurement can
lead to serious errors particularly in the analgdia very dilute solution

where the measured conductance may be of nearlyatine magnitude
as the conductance of the dissolved impurities.sThu conductivity

measurement de-ionised water has a specific comaceiconductivity)

of 5.5 x 10° Q'cm*

. Titrant Volume

During conductimetric titrations, the concentrasoof the conducting
species should not change significantly; otherweseors will be
introduced into the measurements. Hence, the ctnaciem of the
titrant should be about 10 times that of the sofuin the conductivity
cell so that the increase in volume at, and beytrmend point will be
small.

. Temperature

The specific conductance of most ions usually iases by about 2% for
each degree rise in temperature. It is thereforg meportant to control
the temperature accurately in such measurements.efample, for
titrations and other routine analysis, the tempeeatnay be controlled
for + 0.28C which ensure a precision of + 0.5%. But, for othe
purposes, such as the determination of dissociatimmstants, more
accurate temperature control is required.

. Extraneous ions

The presence of large concentrations of extranemssin solution to be
analysed is usually not required. This is becausg ehange in
conductance is being masked by such ions. Thisdrepparticularly if
the limiting equivalent conductance of the foreigms is similar to
those of the ions to be analysed. Such problem beapvercome by
using high precision conductivity meters or bridges

3.5 Applications
Conductimetry is a very useful phenomenon for teémination of

various physical constants, such as dissociationsaftubility constants.
But its major application is for monitoring titratis.
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. Solubility determination

Conductimetry is applied in the determination oflubdities of
sparingly soluble salts. It involves the measurdnaérihe conductivity
(k) for the saturated solution and then followedthwy calculation of the

concentration (C) from the equationy = ~0%%% where A is the

equivalent conductance or specific conductance ofnf solution
containing 1 gram-equivalent of solute (molar castdaoce)

. Dissociation constant

This is determined by calculating the degree ofabgtion from the
equivalent conductance of the analyte.

For a weak acid HA,

le.
_[HT][AT]  APc
€ [HA] 1-—a
Wherea is the degree of dissociation given by:

C
a =':i—d where A® is the equivalent
conductance before dissociation whitd is equivalent conductance
after full dissociation.

. Precipitation titrations

In these titrations, the conductance of a soluigomeasured as function
of the volume of a titrant. The shape of the titnatcurve depends on
the conductance of the ion in the cef) @nd that of the ion in the titrant
(i). If ic is greater thanithe conductance decreases at first, then
increases after the endpoint as the concentratfothe titrant ion
increases. The end point is the intersection ofwleelines.

. Acid-base titration

As an acid is titrated with an alkali, the ioniamgosition of the mixture
changes and this is reflected in the conductivithe solution.

In conductimetric titration, the conductivity cae Iplotted against the

volume of the alkali that is being used. This givese to different
titration curves as shown below:
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Conductivity

Conductivity
/
1

’ * ) Vol. of alkali
Strong acid and weak base

Conductivity
1
'
<€------
\\
Conductivity

Val, of alkali
Strong acid ang strong base

v

Vol. of alkali

Vol. of alkali A weak acid and a strong base
A weak acid and weak base

Note: The end point is where the two lines intergach other.

4.0

CONCLUSION

From what you have learnt, it is clear that conihuetric analysis
involves the application of electrolytic process toeasure the
conductance of a given solution.

5.0

SUMMARY

In this unit, you have learnt that:

90

conductimetry is an electrolytic technique thaised to measure
the conductance of a sample solution based on riekgct
properties of the constituent ions.

the electric current flowing through a conductor dsectly
proportional to the applied voltage and inverseiyportional to
the resistance of the conductor.

specific conductance of a given substance, is dhelwctance per
cm of a solution that has a cross-sectional areacof and is
measured in Scihor S.I. unit ofQ™* cmit,

the basic instrument used for conductivity measergns called
a conductivity meter which has a basic arrangemanta
Wheatstone bridge.

conductimetry is very useful in determining variopbysical
constant such as dissociation constant and sdiulsiinstant. It
is also very useful in titrimetric analysis.
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6.0 TUTOR-MARKED ASSIGNMENT

1(a) Explain the basic concept of conductimetnalgsis.
(b)  With the aid of a good diagram, describe thsidastrumental
design of a conductivity meter.

2. lllustrate the different titration curves ob&ble from
conductimetric titration and indicate the end powoft each
titration.

7.0 REFERENCES/FURTHER READING
Daniel, C.H. (1982)Qualitative Chemical Analysi¢2nd ed.).

David, J.H. & Hazel, P. (1998)Analytical Biochemistry (3rd ed.).
Longman Group Limited.
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1.0 INTRODUCTION

Polarimetry is the method of analysis which is ldage the ability of a
given compound in solution to rotate a plane poé&tilight to a certain
direction.

An ordinary light beam consists of waves oscillgtim random
directions. Each of the vibrational directions danresolved into two

mutually perpendicular directions. But the actuékational direction is
the vector sum of the two components.

Vertical Vibrational

componen‘ _______ :direction
1
Horizontal !
componeggt |
1

If the ordinary light is collimated and passed tlgb a crystal which
allows only one vibrational orientation to be tramised, the transmitted
light is said to be plane polarised. Many naturafstals produce
polarised light, but it is most conveniently ob&dnwith commercially
available polaroid materials.
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain what a polarimeter is

. draw a schematic diagram of a polarimeter

. explain the mode of operation of a polarimeter
. enumerate the uses of a polarimeter.

3.0 MAIN CONTENT

3.1 Definition of Polarimetry

An instrument used in measuring the optical rotatid a substance in
solution is called a polarimeter and the phenomemorknown as
polarimetry.

3.2 Basic Principle of Polarimetry

Some compounds in solution have the power of majathe plane
polarised light to a certain direction. Such comuisl are said to be
optically active and, in the case of organic compu®) are found to
have one or more asymmetric carbon atoms withinniloéecule. An

asymmetric carbon atom is one with four differerdups attached to it.
The degree or direction of the rotation is eitherthe right (called
dextrorotatory, +) or to the left (called laevototy, -).

The extent of the degree of rotation of the plamtansed light is
dependent on the:-

. nature of the compound

. nature of the solvent

. depth of the solution through which the light passe
. concentration of the solution

. temperature

. wavelength of the light used.

The wavelength of the light normally used is th&atsodium D line
(589.3 nm), and the temperature is kept consta@Daif 25C within
the instrument.
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3.3 Mode of Operation of a Polarimeter

Before operation, the analyser prism of the polaten is rotated to
make both halves of the field of view equally btigthe circular scale
reading for this position of the analyser prismnisted as its zero
position. The polarimeter tube is then filled withe experimental
solution, the jacket around the tube is filled wittater at a given
temperature and the solution is allowed to stanthentube for some
time to attain that temperature. On passing the atimmatic light
again through the polarimeter, the two halves effiald of view now
look unequally illuminated due to the rotation bktplane polarised
light by the solution in the tube. The analysesipriis rotated until both
halves look equally bright again. The differencetie circular scale
reading between the final position of the analysesm and its zero
position recorded initially, gives the angle ofain of the polarised
light.

3.4 Instrumentation

Optical rotation is usually measured by a polarener polariscope and
the phenomenon is calld@olarimetry. The polarimeter consists of a
long hollow barrel carrying at its opposite enddixad polariser Nicol
prism and a rotating analyser Nicol prism respetyiv A hollow
polarimeter tube, encircled by a jacket, can beqdanside the barrel
between the two prisms. This tube of a given lenigtiintended for
carrying the solution under investigation while fheket around it may
be filled with water at a given temperature. Betwége polariser prism
and the polarimeter tube, a quartz plate is locédedbscuring half the
field of view. Beyond the analyser prism are sidathe telescopic
eyepiece lenses. That end of the polarimeter baraelies a fixed
circular scale graduated in degrees radian, th@igo®f the analyser
prism may be read on this scale. A schematic dmagrea polarimeter is
given below:
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Polariser Nicol Analyser Nicol
‘ ‘ Polarimeter ‘ . ‘
e tube for o
. ---> -->
Light ---» -
G ---> --> G

Condensing lens

I I |
Quartz Plate Telescope lenses

Fig 3.4: A Polarimeter

Source: Taylor, C.E.D.; et alA Guide to the Choice of Optical Equipment
and Reagents for Immunoflourescence Technigage 165.

There are three essential parts:

 The polariser (a lens and nicol prism assembly dtanse the
incident light)

* The polarimeter tube (a thick-walled glass tubéwaitscrew on both
ends incorporating optical glass windows) which taors the
solution under examination.

* The analyser (a nicol prism, and eye piece assefoblgrossing the
plane of the emergent polarised light) which itefllwith a degree
scale and pointer.

3.5 Uses of Polarimeter

Below are some of the uses of the instrument:

. From the angle of rotation “a” of the polarisedhligietermined
by the polarimeter, the length, of the solution column in the

polarimeter tube and the concentration C of theutswl, the
specific rotatiorn of the solute may be calculated by the formula

given below:
5 _ a
[=]5 IxC
. An optically active substance may be identifiegisolution of a
known concentration by measuring its optical rotati
. From the optical rotation of a mixed solution ofotwubstances

having known specific rotations (e.g. sucrose andage), their
respective concentrations in that solution candtenated.

. If o is already known for the solute, its concentratidonn the
solution can be calculated using the estimatedeanfjrotation,
a, and the lengtH, of the solution column.
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4.0 CONCLUSION

Polarimetry is a method which is used to deterntiveeoptical rotation
of a given compound based on the ability to rotatglane polarised
light to a certain direction.

5.0 SUMMARY

In this unit, you have learnt that:

polarimetry is a method of analysis which is basedhe ability
of a given optically active compound to rotate angl polarised

light

. the degree of rotation could be either to the r{@htor to the left
(L)

. sodium lamp is normally used to provide a specifavelength
(589.3 nm) for optical rotation

. optically active compounds contain one or more asginc

carbon or chiral centre.

6.0 TUTOR-MARKED ASSIGNMENT

1(a) Distinguish between dextrorotatory and laetadory
(b)  With the aid of a schematic diagram, descthme instrumental
arrangement of a polarimeter and state the funciieach part.

2 A solution of 3 — phosphoglycerate (0.25 gicin water has an
observed rotation of — 2.9 a 1 dm tube at 2@. What would
be the specific rotation of the compound? State tdrethe
compound is L or D and give your reason.

7.0 REFERENCES/FURTHER READING
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Hill Higher Education.
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1.0 INTRODUCTION

In addition to absorption and emission, there ati@ero interaction
phenomena which are useful for both identificatiand structural
studies. Hence, refraction is one of these importaon-absorptive
processes. When radiation passes from one mediuandther, it is
partially reflected and partially transmitted. Ttransmitted radiation
retains its characteristic frequencies in the neediom, but both the
velocity and direction of propagation may changéisTcan be
illustrated by allowing a radiation to pass from tai glass medium. To
explain this behaviour, a ‘wave front’ perpendicuia the direction of
propagation of the ray is considered. Thus, ifrénestrikes the surface
of glass at an angle of incidenag),(then one side of the wave front
reaches the interface and enters the glass bdierether. Therefore,
while one side of the wave front is travelling ilagp, the other side is
travelling in air.
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Incident ray

Air

Surface

Glass

Refracted
ray

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain the meaning of both refractive index arfdactometry

. describe the basic concept of refractometry

. calculate the exact refractive index of a substdracged on the
given data

. explain the procedure for practical determinatidnrefractive
index.

3.0 MAIN CONTENT

3.1 Definition of Refractometer

Refractometry is a method which measures the refeaindex of a
substance.

The refractive index measures the angle at whiagh&ray will be bent
when passing from one medium to another.

3.2 Basic Concept of Refraction

Refraction is the change in the direction of praiem of light waves as
they cross the interface between two media of diffedensities. When
a ray of light passes from air into a dense medjsuch as liquid), it is
bent or refracted towards the normal. The ratiohef sine of the angle
of incidence to the sine of that of refraction amstant and characteristic
of that medium. This constant ratio (n) is called tefractive index. The
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refractive index, n, for a liquid or an isotropiolid is defined as the
ratio of the phase velocity of light in vacuum bat in another medium.

n= Vair — Sin Bgir
Vmedium Sin Bmedium

Refractive index of a given substance is practicdétermined by the
use of refractometer, which operates on the conmfeibte critical angle.
This is the angle of incidence{.qiun) for which the angle of refraction
(@) is exactly 98, The determination of refractive index involvedyon
the determination of the two angles. These anglay be measured
quite accurately and thus, n may be determined Witin degree of
precision.

3.3 How to Calculate the Exact Refractive Index

The refractive index is an important physical pryeof inorganic
liquids. The refractive index for many organic lidg can be found in
chemical reference books such Bke Handbook of Chemistry and
Physics The literature values are referenced to the B i sodium
lamp (589.3 nm) at 2C. Thus, a correction factor must be applied if the
refractive index (ny9 is measured at temperatures, t, other thd6.20
This correction factor is:

nY = n,,.+ 0.00045 (¢t— 20)

Where 1, is the observed refractive index from the refremter, 1%
Is the correct determined refractive index.

Example: A student measures the refractive indeanobrganic liquid.
The value obtained at 48 is 1.2821. What is the corrected refractive
index?
Usingnz® = n,,. + 0.00045 (t — 20)
On2? = 1.2821 + 0.00045 (18 — 20)

= 1.2821 + (0.00045 x -2)
= 1.2812

3.4 How to Operate a Refractometer

The following procedures are used for determinimg refractive index
of a sample wittAbbe Refractometer.

1. Check the sodium arc to see that it is operatioggny

2. Check the temperature reading by the thermometachad to
the prism housing
3. Rotate the illuminating prism downwards and awaynfryou.

Wipe both the prism surfaces gently with a freskalswf cotton
wool dampened with acetone. When the prism susfare
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cleaned and dried, rotate the illuminating prisnwapls and

towards you to restore the closed position

Introduce a few drops of the sample into the ec&drole

Rotate the prism until the boundary between ligitt dark fields

appears in the field of view. Adjust if necessdhg light source

or the mirror to obtain the best illumination

6. Also rotate if necessary, the prisms to eliminate ¢olour fringe
and sharpen the boundary

7. Make any necessary fine adjustments to bring thentary
between light and dark fields into coincidence withe
intersection of the cross-hairs. Then turn the lénap illuminates
the scale and note the value of the refractivexradehe sample

8. Clean the prism surfaces with a fresh swab of oott@ol
moistened with acetone and close the prism wheanaad dry.

ok

Application

Refractometer is essentially an analytical instmimesed to determine
the composition of binary mixtures or to determitie purity of
compounds. Its most common industrial applicat®mni the food and
confectionery industry where it is used for theedetination of the
concentration of sugar in syrup. In addition tosterefractometry can
be used to estimate molecular weights, molecuimssand shapes, and
to calculate properties such as reflectivity anticap dispersion.

3.5 Measuring the Refractive Index of a Substance

The sample of the unknown is obtained and recostedrdingly. Put
about four drops of the liquid sample between thateg of the
refractometer. Measure and record the refractiekexnof the liquid.
Record the room temperature. If the temperaturéemiffrom 26C,
apply a correction factor to the refractive ind&ecord the corrected
refractive index. Then identify the unknown liquny comparing the
refractive index with the standard.

The refractive indices of some organic liquids sttewn below:

Organic liquid Refractive index (5
Acetonitrite 1.3442
Hexane 1.3751
1-propanol 1.3850
1-Butanol 1.3993
Cyclohexane 1.4266
Toluene 1.4961
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4.0 CONCLUSION

Refractometry is a method of analysis which is Hasedetermining the
refractive index of a substance. The method isaldkiin ascertaining
the purity of a substance.

5.0 SUMMARY

In this unit, you have learnt that:

. refractometry is a technique which measures thactve index
of a substance.

. refractive index determines the angle at which ghtliray is
bending when passing from one medium to another

. a correction factor gf°= 0.00045 (t-20) is used to obtain the exact
refractive index of a substance.

. the technique is applied in food and confectioneustry to
determine the concentration of sugar in syrup dreotallied
products.

6.0 TUTOR-MARKED ASSIGNMENT

1(a) What is meant by refraction and refractivabexf?

(b) A student measures the refractive index osogpected to be of
plant origin. The value obtained is 1.3871 al®@5Calculate the
exact refractive index of the oil.

2(a) How does the impurity affect the refractimdex of a substance?

(b) If two samples of organic liquids give the samalue of
refractive index, are the liquids similar? Explain.

7.0 REFERENCE/FURTHER READING
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