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1.0 Introduction

Spectroscopic method of analysis involves the nreasents of the intensity and wavelength
of radiation that is either absorbed or transmitidds provides the basis for sensitive methods
of detection and quantitation. Absorption spectopsc is most frequently used in the
guantitation or estimation of molecules and sonoenat.Emission spectroscopy covers several
techniques that involve the emission of radiatigrelther atoms or molecules, but varies in the
manner in which the emission is induced. This metled analysis involves the use of
equipment, which may be simple and inexpensive, or extremely
complex, with design features involving the lateshnological development.

2.0 Objectives

At the end of this unit, student 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 spsobimy; and
» State the different types of spectroscopy.

3.0 Definition of spectroscopy

Spectroscopy is a technique which concerned wihsthdy of the frequencies involved when
electromagnetic radiation interacts with matter.

3.1 Interaction of radiation and matter

Radiation is a form of energy which could either &lesorbed or transmitted. The interaction of
radiation in spectroscopy involves transition betwehe different energy levels of atoms or
molecules. The other types of interactions sucheflection, refraction and diffraction, are
often related to the bulky properties of materralther than to energy levels of specific atoms
or molecules. Generally, the absorption or emissibrradiation by matter involves the
exchange of energy. Thus, to understand the ptencifpthis exchange, it is necessary to know
the distribution of energy within an atom or moliect’ he internal energy of a molecule is due
to the energy associated with:

+ The electrons
+ Vibrations between atoms
+«+ The rotation of various groups of atoms within decale

The energy levels can be altered by the absormiroemission of radiant energy. This is
because atoms exist only within a limited numbeermérgy levels. A study of the wavelength



or frequency of radiation absorbed or emitted byatom or molecule will give information
about its identity. This technique is known as gafVve spectroscopy.

3.2 Electromagnetic radiation

Radiation is a form of energy which has both magrestd electrical properties, hence called
electromagnetic radiation. The electromagneticatamh covered a long range of radiations
which are described or characterised by either lgageh or frequency.

» Wavelength {) is defined as the distance between the succegsaks which is
measured in the unit nanometers (nm).

» Frequency)of radiation is defined as the number of succegseaks passing a given
point in 1 second.

The relationship between the two parameters is:

1
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> But, the energy (E) is directly proportional to finequency and inversely proportional
to wavelength.

. hc
i.e.E = hv = )

» Where, his a Plank's constant and c is the speed of light
The electromagnetic radiation consists of:

Gamma ray§)in the range o107 3to 10" 1nm
X-rays in the range of 1 to 1@°

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

Infra red region in the range of 0448 to 50um
Microwave in the range of o 10cm

Radiowave in the range @0’ to 10° nm
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This can also be represented as bellow:
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Source: Holme, D.J. and Hazel, P. 1998.

Fig. 1.1: Range of electromagnetic radiation
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3.3 Absorption of radiation

Every molecular specie is capable of absorbing aten characteristic frequencies or
wavelength of electromagnetic radiation. This pssceansfers energy to the molecule or atom
and results in a decrease in the intensity oftkhe&lent radiation. Thus, absorption of radiation
could be:

* Atomic absorption which involves the absorptionetéctromagnetic radiation by free
atomic species. The wavelength that is most styoabgsorbed usually corresponds to
an electronic transition from the ground statehi® lowest excited state known as the
resonance line.

* Molecular absorption which involves the absorptioinradiation by molecules in
solution. This type of absorption usually takescplan ultraviolet and visible region of
the electromagnetic spectrum. Absorption of radrain this region causes transition
of electrons from molecular bonding orbital to thgher energy molecular antibonding
orbital.

3.4 Emission of radiation

When an atom or molecule absorbs electromagnetiatran, it will result in either electronic
or vibrational transition from lower to higher eggievel. Such atom or molecule is said to be
in an excited or unstable state. If the atom oremdle loses all or part of this energy as
radiation, photons of energy will be emitted whadrrespond to the difference between the
energy levels involved. The radiation emitted isspécific frequencies and will show up as a
bright line if dispersed as a spectrum. Just liksogption, emission could also be atomic or
molecular.

Atomic emission is displayed by many elements;ipadrly the metals which after being
excited either thermally or electrically emit a asatinuous lines spectrum due to transition
ending in the ground state.

Molecular emissions are due to electronic tramsitvithin the molecule but are modified or
influenced by bond length. Molecular emissionsratge complex than atomic emissions. The
radiation emitted consists of broad bands of ramhatather than the narrow lines associated
with atomic emission. Also the resulting spectrsmapproximately the mirror image of the
absorption spectrum of the compound.

3.5 Types of spectroscopy

Based on the nature of the radiation that is balvgprbed or emitted, there are different types
of spectroscopy. These could be:

s Ultraviolet/visible spectroscopy
+ Infra-red (I R) spectroscopy



% Nuclear Magnetic Resonance (NMR) spectroscopy
% Mass spectroscopy
% X- ray spectroscopy

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

+«+ Electronic spectroscopy
+«+ Vibrational spectroscopy
+ Rotational spectroscopy

The electronic spectroscopy involves the movemémiaxtrons between their various energy
levels, as a result of absorption or emission ettebmagnetic radiation. The energy required
for electronic transition comes from ultravioletwsible region.

Vibrational spectroscopy is concerned with the ations of molecules when photons of
radiation are absorbed. Molecules can vibrate wdtticular amounts of energy whose values
are determined by a quantum number. The energyedefmt vibration of molecule comes
from the infra red region.

Rotational spectroscopy is concerned with the gnérgt causes the rotation of a molecule.
The energy of the rotational level depends on ttational quantum numbers. The energy
required for the molecular rotation is providedthg micro wave region of the spectrum.

4.0 Conclusion

Spectroscopic method of analysis, is a techniquehwmvolves the measurements of the
intensity of radiation that is either absorbedransmitted.

5.0 Summary
In this unit we have learnt that:

» Spectroscopy is a technique which involves theystfdhe absorption and emission of
radiation by matter.

» Electromagnetic radiation or spectrum covers a lamge of radiations measured in the
unit of frequency or wavelength.

» Absorption spectroscopy measures electromagreafiation that is taken in by atoms
or molecules.

» Emission spectroscopy measures the radiationgtgavén out by atoms or molecules

» Spectroscopy could be electronic, infra-red (obriional) and microwave (or
rotational).

6.0 Tutor Marked Assignment (T M A)

1. What is meant by spectroscopy?

2. Distinguish clearly between absorption and emissgectroscopy

3. Calculate the corresponding energy of a UV-radmtiaving a wavelength of 250nm



7.0 Further reading/ References

1.0 Robert, M.S., Clayton, G.B. and Terence, C.(lI974). Spectrometric ldentification of
Organic Compound<® Edition, Wiley International

2.0 David, J.H. and Hazel, P., (1998halytical BiochemistryThird edition, Longman

3.0 Douglas, A.S. , Donald, M.W., James, F.H. atahl8y, R.C., (2004)Fundamentals of
Analytical ChemistryEight Edition.
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Unit 2: Spectrochemical optical methods
1.0 Introduction

Optical method of analysis involves the measurenoéright intensity. To relate optical
measurement to the amount of a particular substangesample, it is necessary to exploit
the ability of atoms or molecules to absorb or eligit radiation when exposed to a
particular set of conditions. Thus this method oélgsis involves the use of instrument
with varying degrees of sophistication.

2.0 Objectives

At the end of this unit the student should be &tule

» Explain the different types of optical method o&bsis;

* Explain the operational principle of molecular aipgion method of analysis;

» State the basic laws of light absorption;

» Differentiate between colorimetry and spectrophatygy and

* Name the basic components of colorimeter and spa#uttometer and state their
functions.

3.0 Definition

Optical methods are spectroscopic techniques tieabased on the absorption or emission
of ultraviolet, visible and infrared radiation.

3.1 Types of optical methods of analysis

» Colorimetry which involves the measurement of theaaption of light radiation by
a coloured solution.

» Spectrophotometry which measures the absorptidiglaf of a narrow wavelength
band by molecules in solution.

» Atomic absorption analysis which measures the gisor light radiation by a free
atomic specie.

> Flourimetry which involves the estimation of the@amt of fluorescent substance in
a given sample.

» Atomic emission analysis which based on the enmsdight atoms in exited
electronic state.

3.2 Molecular absorption analysis

The absorption of light by a compound in solutiooreases with the concentration of the
compound and this effect is fully exploited in aateetry and spectrophotometry. Coloured
compounds can be estimated directly while other pmumds which give coloured
derivatives with particular chemical reagents dao ae analysed.



The absorption of light radiation by solutions dae elucidated by a combination of the
laws of Beer and Lambert. These two laws relateatisorption to concentration and to the
thickness of the absorbing layer respectively.

3.2.1 Beers law

This law states that the absorption of light isedily proportional to the number of the
absorbing molecules. That is, the transmittanceedses exponentially with the number or
concentration of the absorbing molecules.

Mathematically, Bees law is represented as:

Io Iy
LoglOTocC or Log107= eC

I
Where, LogloT0 is the absorbance(A) ,C isthe concentration and ¢ is a constant

Iy = incident light, | = transmitted light

This law can also be representedAasc C or A = eC

3.2.2 Lamberts law

This law states that same proportion of incidegtitlis absorbed per unit thickness irrespective
of its intensity, and that each successive ungrapbsorbs the same proportion of light falling
on it. For example, if the incident light is 10G8d 50% of it is absorbed per unit layer, the
intensity of light will decrease exponentially afldws: 50%, 25%, 12.5%, 6.25%, etc .

|0 |
Light Intensity

Thickness of solution

Fig 2.1: Light Intensity decreasing while passing through a solution

Thus, according to this |aW,L0g1017° <l or log1017° =kl

Note that: absorbance (A)lz;»'gw%0 =kl

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

The two laws are combined together and called Baerbert’s law:
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A= loglOIT" x Cl or loglOIT" = ecl
where,e is a constant called molar extinction coefficigot molar absorptivity) which is
numerically equal to the absorbance of a molartswiun 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 concentrations associatiahsorbing molecules occur which causes a
tailing off in the absorption of light. Hence, @s#tion of the unknown is carried out in the
concentration range which Beer’s law is obeyed ltsual to plot a standard curve or graph of
absorbance against concentration to determinedheeatration range in which Bezilaw is
obeyed.

Absorbance (A)

Concentration(C)
Fig. 2.2: A graph of Absorbance against Concentration

3.2.3 Limitations of Beers Law

Absorbance

Range in which Beer’s
law is obeyed

Concentration

Fig. 2. 3: Graph showing the limitations of Beer’s Law

Beers law describes the absorption behaviour only flutel solutions, hence it is limited. At
concentrations exceeding 0.01M, the average distarlietween the absorbing ions or
molecules are reduced to a point where each pamiitects the charge distribution, and the
extent of absorption of its neighbours. Since tkierg of interaction depends on concentration,
the occurrence of this phenomenon causes deviafrons the linear relationship between
absorbance and concentration. On the other handerédin concentrations, association of
absorbing molecules is thought to occur, which eaustailing off in the absorption of light.
Hence, Bees law is only obeyed by dilute solutions, but Lamilsdaw holds for all cases.
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3.2.4 Absorbance and transmittance

The absorbance (A) is the measure of the fractidiglat radiation that is absorbed by a given
sample solution, while transmittance (T) is thectien of incident light that is not absorbed
(i.e. transmitted by the solution). Transmittanseoften expressed as a percentage called
percent transmittance.

Percentage transmittance (:'F)Ii x 100

But, absorbance is related to transmittance asvist|

100
A == loglo T

Note that as the absorbance of a solution incretsesransmittance decreases.

3.3 Colorimetry

This method of analysis involves the measuremettt@absorption of visible radiation of light
by a coloured solution. This type of measuremenarsied out by the use of an instrument
called colorimeter. The colorimeter consists of:

» Light source (tungsten lamp)
Monochromator (filter)

Slit

Optical cell or cuvette

Photo electric cell
Galvanometer

VVVVYVY

The instrumental set up is as bellow:
slit
m O
—
—>

Light source Monochromator Optical cell

Detector

Fig. 2.4: Schematic diagram of a simpie Lolorimeter

3.3.1 Mode of operation

White light from a tungsten lamp passes throughordenser lens to give a parallel beam
which falls on the filter that is positioned to e&l radiation of specific wavelength to impinge
on a glass cuvette containing the solution. Asligig is passing through the solution, some
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part of it is absorbed by the sample componentlewthie part that is not absorbed is
transmitted, and detected by a photo electric(deliector). In order to measure the absorbance
of a solution, the meter reading is first adjusted00% transmittance (zero absorbance) with a
blank solution. The sample is then inserted in @lat the blank and the absorbance is read
directly. The concentration corresponding to theoabance of the sample is then obtained
from the standard or calibration graph.

3.4 Spectrophotometry

This method of analysis involves the measuremenh®fabsorption of a narrow wavelength
band of radiation by molecules in solution. Thammsients that are used to study or to measure
the absorption or emission of electromagnetic tawhaas a function of wave length are called
spectrometers or spectrophotometers. The optichledattronic principles employed in these
instruments are basically the same for all theoregof the spectrum.

The essential components of a spectrophotometlerdiec

L X4

stable source of radiant energy

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

monochromator to resolve the radiation into itfividual wavelength

cuvette or cell for holding the sample

radiation detector with an associated read ouesygheter or recorder)

*0

R/
°e

>

R/
%

L X4

Below is a schematic diagram of a typical spectobpmeter:

A = i

Sample Detector Meter

Radiation source
Monochromator

cell
Fig. 2.5: Components of a Spectrophotometer

Source: Analytical biochemistry by David J. Holme and Hazel Peck, 1998
3.4.1 Radiation source

The source of ultraviolet radiation is providedtpdrogen and deuterium lamps. These lamps
consist of a pair of electrodes which are enclosed glass tube provided with a quartz
window and filled with hydrogen or deuterium gasl@av pressure. These lamps provide
radiation in the range of 180 — 350nm.

A tungsten filament lamp is the most satisfactayrse of visible and near infrared radiation.
This lamp provides radiation in the region betw86@ and 2500nm. Other sources of radiation
include: xenon lamp , Globar and Nernst glower.
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3.4.2 Monochromator

Monochromator is a device which is used to respbdgchromatic radiation into its individual
wavelength and isolates these wavelengths intayanagrow band. This device produces light
radiation of only particular (single) wavelengtthug, light of single or only one wavelength is
called monochromatic radiation. A monochromatorsists of:

v an entrance slit which admits polychromatic radiafrom the source;

v a collimating device which is either a lens or aroni

v a dispersion device, prism or grating which ressltlee radiation into its individual
components;

v afocusing lens or mirror; and

v an exit slit.

3.4.3 Detectors

A detector is a device which identifies and traredahe transmitted radiation from the sample
into an electrical signal that activates a metareoorder. Example, a photographic film can be
used as a detector. A detector usually indicatesiistence of some physical phenomenon. It
is capable of absorbing the energy of photons amarts it into a measurable quantity.
Photoelectric detectors are used for the detedfoultraviolet and visible radiations. These
detectors are classified as phototubes and photaeleells.

Another detector is photoconductive cell which @nenonly used for the detection of near
infrared radiation. But for middle and far infrareadliation, thermocouple detectors are used.

Generally, the detectors used in spectrophotomiestcuments could be:

» photoelectric or barrier cell.
» photomultiplier tube.

» thermocouple.

* photoconductivity cell.

3.5 Differences between colorimeter and spectrophaneter

Unlike colorimeter, spectrophotometer can discratgneffectively between compounds with
overlapping absorption spectra. The filter systenmfl in colorimeter is replaced by prism or
grating in spectrophotometer. The light passinguph the sample solution is detected by a
photocell in colorimeter, while it is detected byhgbomultiplier tube in most
spectrophotometers. With most spectrophotometemasarements can be done in both
ultraviolet and visible region of the spectrum, @rhis not possible with colorimeters. Thus,
the advantages displayed by spectrophotometerrmpadson with colorimeter are improved
resolution and sensitivity together with greater rsadility. The more elaborate
spectrophotometers have a scanning device whiowslfor the automatic determination of

14



the absorbance of a solution as a continuous fomati wavelength. Spectrophotometers with
direct reading device are also available.

4.0 Conclusion

Spectrochemical optical method of analysis is comex with the measurement of the light
radiation that is either absorbed or emitted byenales in solution. This is achieved by the use
of different types of equipment which may be simpl€omplex.

5.0 Summary
In this unit we have learnt that:

» Optical methods are spectroscopic techniques tratbased on the absorption or
emission of ultraviolet, visible and infrared raba.

» There are different types of optical methods of lgsia such as colorimetry,
spectrophotometry, etc.

« The absorption of light radiation increases withe tborresponding increase in
concentration of the molecules in solution.

» Colorimetry involves the measurement of light apson by coloured solution

» Spectrophotometry is the method which involvesrtteasurement of the absorption of
a narrow wavelength band by molecules in solution.

6.0 Tutor Marked Assignment

1. a. State Beer’s and Lambert’s laws.
b. What is the relationship between absorbancdrandmittance?
2. a. Distinguish clearly between a colorimeter asgpectrophotometer
b. Several spectrophotometers have scales that atteeiieer in absorbance or in

% transmittance. What would be the absorbance ngaati 20% T and 80% T
respectively?

7.0 Further reading/References
1. David, J. H. And Hazel, P. (1998 nalytical biochemistry, third editiom,ongman

2. Robert, M.S., Clayton, G.B. and Terence, C.N7d). Spectrometric ldentification of
Organic Compounds3® Edition, Wiley International.

3. Daniel, C. H., (1982Qualitative Chemical AnalysiQnd Edition.
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Unit 3: Infrared spectroscopy
1.0 Introduction

Infrared spectrophotometry is a branch of spectmegcwhich is concerned with the
measurement of absorption of electromagnetic ratiaby molecules due to their vibrational
ability. It is very important here to note that mt® in a molecule usually vibrate within the
bonds that link them together. The vibrational ggen a molecule is obtained within infrared
region of the electromagnetic spectrum. Thus, wiegr an infrared radiation of a specific
frequency interacts with a molecule, the energgbisorbed leading to an increased vibrational
energy of that bond. This can even lead to chamdieel dipole moment of the bond concerned.
Thus, the infrared instrument (spectrophotometegeasigned to measure the energy absorbed
by the bond in the molecule at different wavelesdtim) or wave number ( ¢hito produce a
chart called infrared spectrum.

2.0 Objectives
By the end of this unit, student should be able to:

» explain the basic principles of infrared spectramyet

describe the different types of molecular vibrasion

describe the instrumental arrangement of infrapettsophotometer; and
interpret the IR spectrum.

YV YV V

3.0 Definition

Infrared spectroscopy is a method which involveg thtudy of the absorption of
electromagnetic radiation in the range of 0.7800uan.

3.1 Basic principles of infrared spectrometry

Every molecule possess kinetic energy (E) whichegponsible for its vibration or rotation.
The total energy (f of a molecule is due to vibrational, rotationadatranslational energy
within the molecule. Thus, the total kinetic ene(By is given by the expression:

E,=E,+E, +E,

Where,
E, is vibrational energy ,E, is rotational energy and E,, is the rotational energy.

A molecule containing n atoms will have 3n modgrdes of freedom of motion. These are
made of 3 rotational, 3 translational and 3n —l§ational motions. Thus, for a non linear poly

atomic molecule, the fundamental mode of vibrat®r8n — 6 while a linear molecule has

3n — 5. With this, it is possible to predict theaally the number of infrared bands that can be
obtained from a given molecule.

Example: Ethylmethylketon€H; — CH, — CO — CH; which is made up of 13 atoms, has 33
theoretical mode of vibration. This is calculatesdoglow:
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InCH; — CH, — CO — CH; ,n=13
Then, 3n-6 =(3x13)-6 =33

But, it is not possible to detect all of these &tions in the IR spectrum because many of these
bands may overlap, others may be symmetrical vdoravhich may not absorb any radiation.
In a complex molecule, stretching and bending aidos possible and these depend on the
bond strength and masses of the corresponding dat@nh&rm such bond.

3.2 Types of molecular vibrations
In an organic molecule there are two major typesioflamental vibrations. These are:

% Stretching of bond
% Bending of bond

V'V\\C//X‘ iVA\ /fx
/\ /o

Symmetrical stretching Asymmetrical stretching

Fig. 3.1: Stretching vibrations

The stretching vibration could either be symmetrarzeasymmetrical. These are represented as
above

But bending vibration is of 4 different types. These:

v Scissoring
v" Rocking
v" Wagging
v" Twisting

These are represented as follows:

N W O S v X
\/ \/ N N

/ / Y / . Y/ N
Scnssormg Rocking Wagging Twisting

Fig. 3.2: Bending vibrations

The energy required to bend a bond is not great and falls within the range of 400-1300cm™. This
region is called the finger print region. Thus, this region is used to establish the identity of the
chemical compounds. The energy required to stretch a bond is a little bit higher. This falls within the
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region of 1300 — 4000cm™. This signal is caused by groups such as OH, NH , C= O, C = C, CHO, etc.
These group frequencies are independent of other parts of the molecule and are used to detect the

functional groups in molecules.

3.3  Group frequencies

Group frequencies are the absorption bands orsidginat occurs at certain frequencies due to
stretching or bending vibration within a molecular example, the bands at 3300tend
1050cm' are characteristics of the OH group in alcoholsoup frequencies can change

depending on the nature of the molecule and thesgstl

Example of some group frequencies are given below:

Vibration type of molge group freqaies (cnt)

C — Hggretch Alkanes, alcohols 2808000

C — Hytreten Aldehydes 2700 — 2900
C — Hretch Alkenes 3010- 3095
O — Hstretch Alcohols, phenols 3200 — 3600
O — Htretch Acids 2500 — 3000
O — Hend Alcohol, phenol 1260 — 1410
N — Hstretch Amines 3300 — 3500
C = Gstretch Alkenes 1620 — 1680
C = Qsretch Aldehyde 1720 - 1740
C = Cstretch Alkynes 2100 — 2140
C = Ngtretch Nitriles 2000 — 2500
C = Gytretch Ketones 1705 - 1725
C = Qutretch Carboxylic acid 1700 - 1725

19



3.4 Instrumentation

The instrument used is called infrared spectropheter. This instrument is basically similar
to those used for the UV/ Visible measurements,dmly differ from the energy or radiation
sources, optical materials and the detection device

[

Spherical Reference cell Pen M/\\Ull‘
'

Recorder

3
=
=
o
’!"5'5'4-"‘?
,111/

Amplifier

/D
7 X Detector

Rotating prism

RM

radiation

Sample cell
Spherical

§

§

X
mirror

\

g7
nnnners

ey
ey

Fig. 3.3: The schematic diagram of infra-red spectrophotometer
Source: Peter R.S. Murray, 1983

3.4.1 Radiation source
The radiation source may be:

* Nernst glower which is a mixture of oxides of zinaam or thorium
» Globar unit which is a small rod of silicon carbide

3.4.2 Monochromator

This may be a prism or grating. The prism monoclatomis usually made of sodium chloride
crystals which disperse electromagnetic radiatietwben 4000 and 650¢m The grating
systems monochromator have a better resolving panedisperse uniformly in all regions of
electromagnetic radiation.

3.4.3 Detector

The detecting device is either a thermocouple bolameter. A thermocouple is made of two

different metals connected together to which twasg&ve galvanometers are attached from the
other end. The | R radiation impinges on the juctof the metals to generate a thermo
electromotive force which enables the currentdavflThe current generated is proportional to
the quantity of the radiation impinged on the metal

3.5 Application

» Used for the identification of the identity or nadentity of two samples. This is
done mainly in the finger print region of the spant.

20



4.0

* It is used for the detection of impurities. Thisaplied only when the impurities
absorb strongly in the region where the main comepobns transparent(i.e. not
absorbing any radiation)

* ldentification of functional groups. I. R. Is veugeful for the identification of some
functional groups such as OH, CO, CHO, C = C,NHi.c.

Conclusion

Infrared spectroscopy is concerned with the absmrpbf electromagnetic radiation by
molecules due to their vibrational ability. The a¢ymf spectrum obtained gives a vital
information on the nature of the functional groppssent in a given compound or sample.

5.0

Summary

In this unit we have learnt that:

6.0

7.0

Infrared spectrum possesses large number of albmonpéaks as compared to that of
UV/ Visible spectrum.

the absorption bands provide a good informationtlan structural arrangement the
molecule.

almost all organic compounds absorb radiation iis tiegion and convert it into
vibrational energy.

the absorption of | R radiation causes the bondiwia molecule to either stretch or
bend.

Tutor Marked Assignment (T M A)

A sophisticated UV/ Visible near IR instrument lzawavelength range of 185 — 3000
nm. What are its wave number and frequency ranges?
At what range of wave numbers do the following fimtal groups give signal?

(i) OH, (ii) CHO, (iii) CO and (iv) NH
Further Reading/ References

1. Robert, M.S., Clayton, G.B. and Terence, C.\N0.7@)). Spectrometric Identification
of Organic Compound3™ Edition, Wiley International.

2. Allen, M.S., Barbara, A.G. and Melvin, L.D. (20 Microscale and Miniscale
Organic Chemistry Laboratory Experiment

3. Peter R.S. Murray (1983rinciples of Organic Chemistry.
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Unit 4

1.0

Flame Spectroscopy

Introduction:

If a solution containing a metallic salt, e.g. sodichloride is aspirated into a flame for

example, acetylene burning in air, a vapour whiohtains atoms of the metal may be

formed. Some of these gaseous metal atoms mayiserireo an energy level which is

sufficiently high to permit the emission of radaati characteristics of the metal, e.g. the

characteristics yellow colour imparted to flames dgmpounds of sodium. This is the

basis of flame photometry. However, a much larganioer of the gaseous metal atoms

will normally remain in an unexcited state or, ither words, in the ground state. These

grounds-state atoms are capable of absorbing tagiaergy of their own specific

resonance wavelength, which in general is the veangh of the radiation that the atoms

would emit if excited from the ground state. Heritéght of the resonance wavelength is

passed through a flame containing the atoms intqueshen part of the light will be

absorbed, and the extent of absorption will be priognal to the number of ground state

atoms present in the flame. This is the underlyprgciple of atomic absorption

spectroscopy (AAS).

2.0

Objectives:

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

3.0

distinguish between flame emission and flame ata@hgorption spectroscopy;

explain the working principles of flame emissionesfpometry and flame atomic
absorption spectrophotometry;

enumerate the applications of flame emission araimdl atomic absorption
spectroscopy; and

mention the interferences in flame emission spewttoy and flame absorption
spectrophotometer.

Definition of Flame Spectroscopy

Flame Emission Spectroscopy is a technique in wiielremission of light by
thermally excited atoms in a flame or furnace isdu® measure the concentration of
atoms, and Flame Atomic Absorption Spectroscoytechnique in which the
absorption of light by free gaseous atoms in flam&irnace is used to measure the

concentration of atoms.
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3.1 Differences between Flame Emission and Flam¢omic Absorption
Spectroscopy.
Flame emission spectroscopy is basically the sameflaane atomic absorption
spectroscopy. The difference is that no light seuscneeded in flame emission. Some
of the atoms in the flame are promoted to excitedtenic states by collision with
other atoms. The excited atoms emit their charstieradiation as they return to their
ground state. In flame emission spectroscopy, thisson intensity at a characteristic
wavelength of an element is nearly proportionatht® concentration of the element in
the sample. For both absorption and emission, atdndiaves are usually used to
establish the relation between signal and concemra

3.2  Working Principle of Flame Emission Spectrometly (FES)

The solution is introduced into the flame as a 8peay. The solvent evaporates leaving
the dehydrated salt. The salt is dissociated irde fiaseous atoms in the ground state.
A certain fraction of these atoms can absorb en&rayyg the flame and be raised to an
excited electronic state. The excited levels hawhat lifetime and drop back to the
ground state, emitting photons of characteristigelength. These can be detected with
conventional monochromator-detector set up. Thensity of emission is directly
proportional to the concentration of the analytsatution being aspirated. A schematic

diagram of a flame emission spectrometer is giveowa:

________ Monochromator | Detector ] Amplifier [
of Filter

Burner

Fig 4.1: A schematic diagram of a flame emission spectrometer

Source: Modern Methods of Chemical Analysis, 2" Edition by R, L, Pecsok et al — Page 244

3.3  Working Principle of Flame Atomic Absorption Spectrophotometry (FAAS)

The sample solution is aspirated into a flame d&me emission spectrometry and the sample
element is converted to atomic vapour. The flanea ttontains atoms of that element. Some
are thermally excited by the flame, but must reniaitihe ground state. These ground state

atoms can absorb radiation of a particular waveletitat is produced by a special source
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made from that element. The wavelength of radiagien off by the sources is the same as

those absorbed by the atoms in the flame. The ptisorfollows Beer’s Law, that is, the

absorbance is directly proportional to the patlyllenn the flame and to the concentration of

atomic vapour in the flame. A schematic diagrarflaszhe atomic absorption

spectrophotometer is given below:

3.4

Chopper Flame
Hollow PP
Cathode ® J Monochromator Detector Meter
lamp

Source

(dc supply) [T
Sample

Fig 4.2: A schematic diagram of flame atomic absorption spectrophotometer
Source: Modern Methods of Chemical Analysis, 2™ Edition, R, L, Pecsok et al — Page 244

Interference:

By interference, we mean any effect that changesitinal when analyte concentration
remains unchanged. In the measurement of atomaratiien or emission signals, interference
is widespread and easy to overlook. If you areasl@nough to discern that interference is
occurring, it may be corrected by counteractingstierce of interference.

3.4.1 Types of interference:

Spectral: refers to the overlap of analyte signal with sigrdue to other elements or
molecules in the sample or with signals due to amfurnace.

The best means of dealing with overlap betweers lofalifferent elements in the sample
Is to choose another wavelength for analysis.

Chemical: is caused by any component of the sample thaiedses the extent of
atomization of analyte. E.g. $0and PQ* hinder the atomization of &4 perhaps by
forming non volatile salts. This can be solved Ogiag releasing agents which are
chemicals to a sample to decrease chemical inéerde;r eg EDTA and 8 —
hydroxyquinoline protect Gafrom the above interference.

lonization: In this, the ionization of analyte atoms decredbke concentration of neutral

analyte atoms in the flame, which results in therel@se of the desired atomic signal.
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This is solved by adding an ionization suppress@ sample so as to decreases the extent

of ionization of analyte.

3.5  Application of the Techniques (FES and FAAS).

» They are used in many laboratories particularlywdver trace metal analyses are
required.

* Environmental samples are analyzed for heavy-metaisamination.

* Pharmaceutical samples are analyzed for metal itggiusing the atomic
spectrometric techniques.

* The techniques are used in the steel industrytteriaiéne minor components as well as
major ones.

* The techniques are used in the measurement ofraaghd potassium in serum and
urine in diagnostic clinical analysis.

3.6  Sensitivity and Detection Limit in Atomic Absorption Analysis

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

Sensitivity is defined as that concentration oeement in aqueous solution which absorbs
1% of the incident radiation passing through a @lotiatoms being determined.

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

While detection limit is the concentration of aeraent in solution which gives a signal
equal to twice the standard deviation of the sexfaseasurements near blank level or the
background signal.

Note that both the sensitivity and detection liwaty significantly with flame temperature
and spectral bandwidth. For example, the sensitofimercury is 2.2 mg/l, while the
detection limit is 0.16 mg/l. Hence, it is necegdarspecify the flame type to be used in
any determination.

4.0 Conclusion

It is therefore clear that both flame emission #iache absorption techniques are based on
the measurement of either emitted or absorbedtradito estimate the amount of alkali
metals (example sodium, potassium) and trace elesngery. lead, iron, copper etc)

respectively.
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5.0 Summary

In this unit, it has been learnt that:

= Flame emission is concerned with the measuremeheaémitted radiation by
thermally excited atoms.

= Flame absorption techniques involves the measureafi¢ne absorbed radiation by
free atomic species.

= The instrument used in flame emission is callech8ahotometer while that of flame
absorption is called atomic absorption spectropnetoy.

= In flame emission, the emitted radiation is projoil to the concentration of the
atoms in solution.

= Also, the amount of absorbed radiation is propogldo the number of the absorbing
atomic species.

6.0 Tutor Marked Assignment (TMA)
1. (a) Compare and contrast between flame emissiofilame absorption
spectroscopy.

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

2. (a) Outline major types of interferences encoumténeatomic absorption analysis
and describe how such problems can be overcome.

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

7.0 Further Readings/References
1. Metcalfe, E. (1987Atomic Spectroscopy and Emission Spectrosctgiyn Wiley, UK

2. Douglas, A. S., Donald, M.W., James, F.H. areh8ly, R.C., (2004)f-undamentals
of Analytical Chemistry8™ edition

3. Christian, G.D. and O'Reilly, J.E., (1986)strumental Analysi2"® Edition.
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Unit 5 X-Ray Spectroscopy

1.0

Introduction:

X-rays are electromagnetic radiation ranging in @ength from about 0.1 — 25 A. The shorter

the

wavelength of the x-ray, the greater the enarglits penetration power. Both light and x-

rays are produced by electronic transition. Thg difference is that light 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 measureofahe absorption of x-rays when it
interacts with matter.

2.0

3.0

3.1

Objectives:

By 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 detectorst an
» explain the working principle involved in x-ray spescopy.

Definition

X-ray spectroscopy is a technique which involvesgtudy of the interaction between
x-ray radiation with matter.

Sources of X- rays:

There are three common sources of X-rays for aigalypurposes:

. Electron bombardment of a metal target.

. Irradiation of a target (sample) with primaryabeof high energy x-rays to produce a

secondary beam of fluorescent x-rays.

. Exposure of a sample to a radioactive sourcelwipenerates X-rays. The X-ray emission

spectra produced from these sources may be consmodiscontinuous, or a combination
of both.

Characteristic line spectra are produced by artrelebeam. These are obtained when a
fast moving electron excites an atom to a higherggnlevel, then x-ray emission follows
when an outer electron falls onto the vacancy énlélver energy, inner shell, giving rise
to 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 sufficient enough to Knoat k electrons. After a short time the
excited ion returns to the ground state, produaifigorescence spectrum similar to the
emission spectrum. Unlike the line emission spewgtteere the lines appear as spikes
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superimposed on the continuous background, fluerescspectra produce only the line
spectrum without the continuous background. Hehowdscence spectra show a much
greater signal — background level and are prefdmednalytical work.

3.2 X-ray Emission Spectrometers:

This is a device or instrument used to measure/acaly the emission of the x-ray
radiation by a sample. This instrument consists of

1. Source of x-ray radiation called x-ray coolinge,
2. Specimen chamber

3. Collimator made of a parallel fine tube

4. Crystal analyzer

5. Auxiliary collimator

6. Detector

Crystal

X-ray tube Specimen Collimator Auxiliary Detector

analyzer .
v collimator

Fig. 5.1: Block diagram of X-ray emission spectrometer

In this instrument, the fluorescence spectrum s/eaiently generated with high energy x-
rays from a Coolidge tube, even though the samplé&ldoe made the target in an x-ray
tube. No suitable transparent materials are availal the fabrication of lenses, therefore
x-rays are collimated by passage through a sefigi#®or a collection of long narrow
tubes. Likewise no prisms are available to disp&rsays, but fortunately crystals of many
salts are able to disperse X-rays by diffractiod s@rves as excellent monochromators.
Such crystals are: Topaz, LiF, NaCl, ammoniumdibgénphosphate (ADP), ethylene
diamine d-tartrate, etc. The large single crystalgzer (monochromator) is usually rotated
on its axis to obtain the spectrum.

3.3 X-ray Detector
Three types of detectors are used to measure tiresity of an x-ray beam.

1. The simplest detector is a photographic filnplate which will darken when exposed to
x-rays. The developed film is then scanned witleasttometer to record the spectrum.

2. Gas ionization detectors, such as ionizatiomdiea, proportional counters and Geiger
tubes used to measure radioactivity, are suitabl&-fays.

3. Some crystals fluoresce in the ultraviolet @ibde region when exposed to x-rays.
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These crystals may be incorporated in a scintifatiounter that also utilizes a
photomultiplier tube to measure the intensity & tluorescence.

3.4  Non dispersive X — ray Spectrometers

These are compact, relatively inexpensive and peréormance comparable to crystal
monochromator instruments, except for somewhatgraesolution of closely spaced lines.

X —ray
Source
Pulse
Detector Height
Analyser
Window
Window

Sample
Inlet Holder Outlet

Fig. 5.2: Non-dispersive x-ray spectrometer

3.4.1 Applications:

All types of solids are easily handled. If necegstite sample may be placed in a thin walled
cell or deposited as a film under cellophane. Mheents above calcium (Z = 20) are readily
detected, those between sodium (Z = 11) and calaiitimdifficulty, and the lighter elements
not at all. X-ray emission spectroscopy is widedgd for the analysis of steels and other alloys
and for the determination of heavy elements in wigaamples (e.g. lead and bromine in
aviation fuels). It is highly specific with limitsf detectability as low as a few parts per million.

3.5 X —Ray Absorption

The absorption of X-rays is similar to the absanptf other electromagnetic energy in the
ultraviolet, visible or infrared regions. The omignificant difference is the energy involved.
Like the emission process, the absorption prodssscancerned with the innermost electron.
This process identifies the element regardlestsarvironment. Absorption of the X-ray
photon is most probable.

If the energy of the incident photon just equatséhergy required to eject the electron.
That is, the electron leaves with essentially Zémetic energy. For example, the
absorption spectrum of lead consists of a few bpmsaks with sharp discontinuities
called absorption edges. Each absorption edgespmnels to the energy required to eject
a K or L electron. The wavelength of an absorpg&dge is slightly less than that of the
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corresponding emission line, because the energyregfjto eject electron completely
from the atom is greater than the energy assocwitidan outer electron (already in the

atom) falling into 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 — raged is usually written as
2.303 log (/1) = px

where } is the incident intensity and | is the intensiignsmitted through a sample
thickness of x cm. The proportionality constants called the linear absorption
coefficient.

The broad absorption bands as seen above, le#lus itterference among neighbouring
heavy elements. For the most part, X-ray absorptiethods are limited to samples
containing a single heavy element in an organicimég.g. lead in gasoline or chlorine in
chloro compounds).

3.5 Application of X — ray Fluorescence Analysis

X-ray fluorescence analysis has the advantagettisahon-destructive. It can be used for
the analysis of works of art, valuable coins anérigic materials. Several elements can be
determined in a few minutes, on only a tiny amaafrihaterial. The major disadvantages

are
(i) elements lighter than sodium cannot be deteechireadily,

(i) lower concentrations are not so readily detesdi
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4.0

5.0

6.0

7.0

(i) the instruments are relatively costly and

(iv) the technique deals primarily with the surfadgéhe sample whereas the composition

of the outermost layer of a material may diffemfirthat of the internal layer.
Conclusion:

X-ray spectroscopy is a method which deals withstudy of the interaction between

x-ray radiation with matter. The technique is veital for the analysis of steel and alloys
as well as for the determination of heavy metakeottration in different samples.

Summary

In this unit, we have learnt that

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

There are three main sources of x-rays for analyiarposes.

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

Three types of detectors are used to measuretémsity of an x-ray beam namely
photographic film, gas ionization detectors and s@nystals which fluoresce.

X-ray emission is used for the analysis of steel a@ioys as well for determining the
concentration of heavy metals

Tutor Marked Assignment
1.(a) Distinguish clearly between x-ray emissiod amay absorption processes

(b) Calculate the frequency in hertz and enenggtules of an x-ray photon with a
wavelength of 2.35A

2.(a) How would you differentiate between an x-aagl other types of electromagnetic
radiations

(b) Briefly explain the basic application of x-ragectroscopic analysis.
Further Reading/Reference

1.0 Christian, G.D. and O'Reilly, J.E. (19865trument Analysi" Edition Boston,
Allyn and Bacon

2.0 Douglas, A.S., Donald, M.W., Holler, F.J., &tdnley, R.C. (200undamentals
of Analytical Chemistry
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Unit 1 X — RAY DIFFRACTION METHOD
1.0 Introduction

X — rays are electromagnetic radiation with fainigh penetration power or energy. The rays
have the normal properties of waves most espectally can be diffracted.

Diffraction process usually occurs whenever a waeets a barrier with one or more openings
of about the same size as the corresponding waytbledsually, the atoms or ions in crystals
are arranged in such a way that they are sepafiatedone another by a particular distance.
Such distances are in the right range to causeays-to be diffracted. Thus, the layers of
atoms in a crystal act as a diffraction gratingdaays.

2.0 Objectives
By the end of this unit, students should be alile 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; and

» list the application of x-ray diffraction analysis.

3.0 Definition

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

Note: Diffraction is more pronounced when the opgnior aperture, or the barrier is
similar in size to or smaller than the wavelendtkthe incoming wave.

3.1 Basic Concept of X-ray Diffraction

X-rays are electromagnetic waves in which the wawvgths are comparable in size to the
spacing between the atoms in crystals. When themeesvpass through crystals, they
diffract (i.e. spread out or bend) and form integfece patterns. These patterns can be
analysed to gain information about geometric stmgcand properties of the crystals.

The main reason why atoms are able to produceadifém patterns is due to the number of
electrons they contain. The electric field of xgagteracts with the electron cloud around
the atom. Thus, the result of many of these intemas produces the diffraction pattern.
Large atoms have many electrons. As a result, pinegtuce the strongest patterns. Small
atoms, such as hydrogen, have little effect onyxsecause of the few number of electrons.
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3.2

3.3

Types of X-ray Diffraction Experiments

The first x-ray diffraction experiments were perfd by bombarding Zinc Sulphide
with high energy electrons. Then the X-rays wersspd through a single crystal as
shown below:

X-rays 2 :\ : 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 by a crystal
Source: Advanced Chemistry: Physical and Industrial By Philip Mathews, Pg. 170

The second experiment involves the use of a powldsubstance which is known as
Powder Method. In this experiment, crystals of si@mp be analysed are ground to a
fine powder and then placed in a tube made of gldssh has little effect on x-rays.
The sample is surrounded by a cylindrical shegihaftographic paper. The x-rays are
allowed to penetrate through a small hole in thendgr and passed into the sample,
where the diffraction occurs. A piece of lead whighsorbs any x-rays that pass
through the sample is placed opposite the entraolee

absorber

Powdered

crystals
Fig. 1.2: Diffraction by powdered crystals
Source: Advanced Chemistry: Physical and Industrial By Philip Mathews, Pg. 170

As can be seen, the powdered crystals are at titeec@ he reflections of the x-rays
produce curved lines on the photographic paper.

Note: the above diagram represents only one sptapie in a crystal. The separation
between the planes is shown as an angle to themingox-rays. The angle is
represented a8. Diffractions from crystals with their sets of p&s at angl® will be
arranged in form of a cone. This is because theognaphic film is in the shape of a
cylinder; the reflections from the crystals prodacsget of curved patterns on the film.

The Effect of X-ray Diffraction on the Arrangement of Atoms

Generally, the extent of diffraction depends on ttaure and arrangement of the
individual atoms within a crystal. Thus, the gredt® number of electrons in an atom,
the stronger the diffraction or reflection. If thr¢ensities of the individual spots on X-
ray photograph can be compared accurately, thesnpibssible to relate them with the
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3.4

3.5

4.0

nature of the electron cloud around the atoms. &wmurate measurement of the
intensities, an instrument called diffractometerused. Thus, the intensities of the
various reflections are measured directly by eteutr means rather than by
photographs. When the results are computerizeditrete density maps can be
produced.

Bragg's Equation

Bragg’s proposed that the formation of diffractipatterns could be explained by
assuming that the X-rays were reflected from th@oua planes of atoms in a crystal.
According to Braggs’s explanation, it is possilecbnsider that both diffraction and
reflection are equivalent to one another. Thus, wiveo rays are diffracted in two
different planes, the difference in the distanewdtled by these rays is 2d 8ir5o, for
constructive interference, we have:

M = 2d sir®
where 1A is referring to the path difference in crystalss a whole numbed is a
wavelength. If n = 1, reflection is said to beffiosder. If n = 2 it is a order
reflection and so on.

Example: When X-rays of wavelength 1.54x i0cm passed through Sodium
Chloride, an intense cone is formedat 15.87. If this is taken as first order reflection
then

1.54 x 16°cm= 2 d sin (15.8%

-8
Od=22X1%" _982 x 10°8cm
2 sin 15.87

Note: d is referring to the spacing between thagda
Applications

X-ray diffraction can be used to discover the dtites of crystals. The diffraction
patterns of X-ray can also be used to determinatra@gement of electrons around the
atoms. This provides good evidence about the shafpeslecules.

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

X-ray diffraction is thus a method which involvéetspreading and bending of the rays
as they pass through a small opening or barridis method is useful in determining
the arrangement of atoms in a molecule.
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5.0 Summary

e X-ray diffraction is a method of determining atonaicd molecular structures by
measuring patterns of scattered X-rays after thags phrough a crystalline
substance.

* The diffraction pattern can be measured using singjstal or a powder.
» X-rays are diffracted from the layers of atoms ams in a crystal according to
Bragg's equation xi= 2d sirb.

* The intensity of the spots on an x-ray diffractipimotographs depends on the
electron densities of the atoms or ions.

6.0  Tutor marked Assignment

1. (a) What is meant by X-ray diffraction?
(b) The X-ray powder pattern of Sodium Chloridesb@ cone 06 = 15.38 using x-
rays of wavelength 1.65 x £&m. What would be the spacing between the planes?

2. (a) Describe briefly the basic concept of x-gi#ffraction.
(b) With the aid of a diagram, explain how an x-iadiffracted by a crystalline
substance.

7.0  Further Reading/Reference

Philip, M. (2003)Advanced Chemistry, Physicahd Industrial. Cambridge University Press.
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Unit 2 Nuclear Magnetic Resonance (NMR) Spectrospy
1.0 Introduction:

Nuclear magnetic resonance (NMR) spectroscopicniqok is based on the magnetic
properties of certain atomic nuclei. Magnetic prtips are only exhibited by molecules that
have either atoms with odd mass number or an uneuarber of electrons. The nucleus of
atoms with odd mass number has both spin and magoeiperties. A spinning positively

charged nucleus possesses a magnetic moment whidapiable of interacting with an

externally applied field.

2.0  Objectives

By the end of this unit, you should be able to:
» explain the meaning and basic concept of NMR spsctipy;
» describe the source and pattern of NMR spectra;
» explain the operation of NMR spectrometer; and
» describe instrumental arrangement of NMR spectremet

3.0 Definition
Nuclear magnetic resonance (NMR) spectroscopy techanique that is based on
guantization of the spin angular momentum of theleus.

3.1  Basic Principle of NMR

In order to produce an NMR spectrum, the nucleustrhave a net spin. For a nucleus to have
spin, it must contain an odd mass number. Thudehsech asH, °C, °F and®*'P are suitable,
whereas atoms with even mass number,fikeand'®0 are not suitable for NMR. Hydrogen is
the most important element that displays NMR progerthen followed by Carbon. Hence,
NMR studies enable the detection of the positiohthese atoms within a molecule. This is
possible because the magnetic properties of vaatasic nuclei differ and therefore tend to
determine their energy absorption in a magnetik fieshen irradiated with electromagnetic
radiation in the radio frequency region.

3.2  The Source of NMR Spectra

Atomic nuclei possess charge. Some isotopes sutH hehave like a tiny spinning magnet.
This is because they possess both electric chargengechanical spin. A spinning charge
generates a magnetic field. The nuclei of certaitopes of atoms have spin quantum number

() which ist % Therefore, they can have either of two spin sta{tc% or —% corresponding to
the magnetic moment.

In the presence of an external field, the protom lcave two orientations, either aligned with
the field called parallel orientation or againse theld called antiparallel orientation. The
parallel orientation occurs at lower energy statdevantiparallel at higher energy. In addition
to this, the proton will also precess around this @t applied magnetic field. The spinning
frequency of the proton doesn’t change but preoaasifrequency is directly proportional to
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the strength of the external field {HHFor example, a proton exposed to an externahnetay
force of 14000 gauss will precess about 60 miltiores per second so that V = 60 MHz

/ Precessional orbit

h /
, /
: /

/
/

4 Spinning orbit

Proton precessing in a magnetic field,

AN

Ho = strength of the magnetic field

Fig. 2.1: Proton precessing in a magnetic field Hy

Ho

When the precessing proton is irradiated with arbefradio frequency, the low energy nuclei
may absorb this energy and move to a higher enstgie. This is possible only if the
precessing frequency is equal to the frequencyhefradio frequency radiation i.e. if the two
are in resonance. Hence, the term is called nuolegnetic resonance.

3.3  NMR Spectrum

In NMR experiments, a solution of substance unadegstigation is placed in a strong magnetic
field. Then the solution is irradiated with radi@duency energy of appropriate frequencies.
The energy absorbed by the protons is recorded® spectrum.

3.4  Pattern of the Spectrum

The environment of each nucleus in a molecule fieréint depending on the orbital and
bonding electrons. Also the absorption of energythy nucleus is in accordance with its
environment. This enables the hydrogens in a magtodip (- CH) to be differentiated from
those in the methylene group (- gHand hydroxyl group (- OH).

Example, consider the different environments ofilgdrogen atoms in the ethanol molecule,
CH3;CH,OH. The frequency at which absorption occurs fer gdrogen atoms in the — @H
groups is different from those in the — £gtoups which in turn differs from those in the HO
group. As a result the NMR spectrum of ethanol shttwee absorption peaks, caused by the
hydrogen in each of these three groups.
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-CHs

-CH,

When it is highly resolved it will be:
-CHs

A

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

3.5 The NMR Spectrometer
The basic components of an NMR spectrometer af@law/s:

e Strong magnet

* Radio frequency oscillator

* Radio frequency receiver

* Recorder with calibrator and integrator.
e Sample holder

* Temperature control
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R.F.
Transmitter R.F. Receiver

Detector Recorder

Resonance —

(Field) swee / \n
Transmitter Coil Spinhing Sample

Fig. 2.3: Schematic diagram of an NMR Spectrometer
Source: Spectrometric Identification of Organic Compounds, Robert M.S., et al (1974)

3.6  Operational Procedure

For a non viscous liquid about 0.5 ml is used, Hdr solid samples 10 — 50 mg/0.5 ml

solvent is used. The sample solution is filterecetnove any particles. About 0.5 ml is put into

a glass sample tube with internal diameter of aldotm. Few drops of the internal standard
added. The sample is placed in the sample holdetedinfor some minutes for the temperature
to equilibrate. The tube is spun at 30 — 60 rp® 3jectrum is recorded, and then followed by
integration of the peaks.

3.7  Application of NMR

The main use of this technique is in the deternonadf the structure of organic compounds
based on the absorptions of the hydrogen nucla.téthnique is also vital in the study of
reaction rates and mechanisms.

4.0 Conclusion
Nuclear magnetic resonance is mainly used to ddiedtydrogen atoms in a molecule.

In a magnetic field, the proton in the nucleus a€he hydrogen atom changes its spin state
when it absorbs the required amount of energy. ffeguency of the radiation absorbed
depends on the chemical environment of the proton.

5.0 Summary

In this unit , we have learnt that:
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* Nuclear magnetic resonance spectroscopic technigudased on the magnetic

properties of certain atomic nuclei which are eibib by molecules containing atoms
with odd mass numbers.

* In the presence of external magnetic field, thegra@an either be aligned with the field
(parallel orientation) or against the field (andirallel orientation).
« NMR enables the detection of positions of atom&wwia molecule

6.0  Tutor Marked Assignment (TMA)

1. Explain the basic principle behind NMR spectroscopy

2. With the aid of a good schematic diagram, desdiilgeinstrumental arrangement of
NMR spectrometer.

7.0 Further Reading/References

1. Abraham R.J., Fischer J.P. and Loftus, P. (198&pduction to NMR Spectroscqpy
John wiley, UK

2. Robert, M.S., Clayton, G.B., and Terence, C(#9,74). Spectrometric Identification of
Organic Compound®™ edition Wiley International.

3. Willard, H.H., Merritt, L.L., Dean, J.A. and 3et F.A. (1988).Instrumental Method of
Analysis, 7" Edition.

44



Unit 3 Fluorescence Spectroscopy

1.0
2.0
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
4.0
5.0
6.0
7.0

Introduction

Objectives

Definition

Basic Concept of Molecular Fluorescence
Relationship between Excitation and Fluorese&mectra
Fluorescence and Structure

Effects of Temperature and Solvent
Effect of Concentration

Instrumentation

Applications of Fluorescence Methods
Conclusion

Summary

Tutor Marked Assignment

Further reading/Reference

45

45
45
45
45
46
47
47
48
49
49
50
50
50
50



Unit 3 Fluorescence Spectroscopy
1.0 Introduction

Fluorescence is a photoluminescence phenomenohighwatoms or molecules are excited by
absorption of electromagnetic radiation. The extciégdoms then return to the ground state,
while giving up their excess energy as photons. ©he¢he most interesting features of
molecular fluorescence is its inherent sensitiwtyich is an advantage over the conventional
absorption spectroscopy. The fluorescence metrsmilads a larger linear concentration range
than those encountered in absorption spectrosédpgrescence methods are much less widely
applicable than the absorption methods becaudeedirhited number of molecules that show
appreciable fluorescence.

2.0  Objectives
By the end of this unit, students should be alle to

» explain the meaning of molecular fluorescence spscopy;

» highlight the basic concept of molecular fluoresmen

» distinguish between excitation spectra and flueese spectra;

» relate fluorescence with the molecular structure;

» describe the effect of temperature and solventumrdscence; and
» illustrate the basic arrangement of fluorescenstument.

3.0 Definition

Fluorescence is a radiation produced by an atomadecule that has been excited by photons
to a singlet and excited state.

3.1 Basic Concept of Molecular Fluorescence

When a fluorescent substance absorbs a photonaoituiqu of light, one of its orbital electrons
is raised to a remote orbit and consequently edsvtite molecule to a transient high energy
excited state. As the elevated electron drops badks original orbit, the photon activated
molecule regains its original low energy groundestay emitting part of the absorbed energy
as specific light wavelengths. Such an emissiarailed fluorescence if the emitted light has a
longer wavelength than the absorbed light andnitsson commences almost immediately on
exposure to the exciting short wavelengths andssteihin 10° sec of termination of the
source exposure.

The energy level diagram of fluorescence radiatashown below:
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E

-« Fluorescence emission

=N
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Eo

Fig. 3.1: Energy level diagram of fluorescence emission

Where E is the ground state, while Bnd E are the corresponding excited states.
3.2 Relationship between Excitation and FluorescercSpectra

The excitation spectra or absorption spectrum ama&iely appear as a mirror image of

fluorescence spectrum. This is because the enefigyethces between vibrational states are
about the same for both ground and excited states.effect is demonstrated by the spectra of
anthracene, as fluorescent substance.

Excitation Wavelength, nm

300 350 400
T I
Fo
2
3
£ (a)
Fy
2
3
C
@ (b)
e
3
3
g
300 350 400

Emission Wavelength, nm
Fig. 3.2: (a) Excitation spectra, (b) Emission spectra
There are many exceptions for this mirror image,rahost especially when the excited and
ground states have different molecular geometriesvioen different fluorescence bands
originate from different parts of the body.
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3.3 Fluorescence and Structure

Under normal condition, compounds containing ar@enahgs of benzene give the most
intense and most useful molecular fluorescence stoms Certain aliphatic and alicyclic

carbonyl compounds as well as the highly conjugdimable bond compounds also fluoresce,
but these are very few as compared to those ofatroming structure.

Most of the unsubstituted aromatic hydrocarbonsréiace in solution and the efficiency

increases with the number of rings and their degfemndensation. The simplest heterocyclic
molecules such as pyridine, furan, thiophene andl@ydo not exhibit or possess molecular
fluorescence properties. But fused ring compourtdsctsires containing these rings often

fluorescence. Also substitution on an aromatic dagses the wavelength of absorption to shift
as well as corresponding changes in the fluoregceeaks. Structural rigidity also increases
the ability of a compound to fluoresce

Additionally, substitution affects the fluorescereféciency.

Examples of fluorescent compounds include:

N Xy
= _—
Quinoline Isoquinoline
—
\

Indole

Fig. 3.3: Typical aromatic compounds that fluoresce

3.4  Effects of Temperature and Solvent

Generally, quantum efficiency of fluorescence dases with increase in temperature. This is
because the increased frequency of collision atatdel temperatures increases the probability
of collisional relaxation. Also a decrease in salvéscosity leads to similar effect.
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3.5 Effect of Concentration

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

ie F=K(b-1 1)

Where } is the power of the incident beam on the soluéind | is the power of the transmitted
radiation, while K is a constant.

Thus, to relate F to the concentration (C) of therescent substance, Beer’s law is applied as
follows:

— 10—£bc

wheree is the molar absorptivity of the fluorescing malkrandebc is the absorbance (A)
Generally, Fo. C or
F=KC

Thus, a plot of the emitted fluorescence intenagginst the concentration of the solution gives
a linear graph. This is because for dilute solyt®eer’s law is obeyed.

—>
Fluorescent Intensity

Conceﬁr’ation
Fig. 3.3: A graph of emitted fluorescence intensity against the concentration of solution
Note: At high concentration, the relationship ig loear. This effect is as a result of primary
absorption in which the incident beam is absorbedtsongly that fluorescence is no longer
proportional to concentration. At very high concahbns, F reaches a maximum and may
even begin to decrease with increasing concentrdiecause of secondary absorption. This
process occurs due to absorption of the emitteidtiad by other analyte molecules.
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3.6 Instrumentation

Different types of fluorescence instruments aralalgke. The optical diagram of the typical
instrument for fluorescence measurement is showawbe

Excitation monochromator

. ;B h Excitation monochromator
T M <
Source

sample [ | _] @ ______________

cell

Transducer

Readout
device

Fig. 3.4: A typical Fluorescence Spectrometer
Source: Fundamentals of Analytical Chemistry by Skoog et al (2004).

The source of radiation is a mercury lamp. The siwisis measured at right angle to the
mercury arc lamp source. Fluorescence radiati@migted in all direction and the 90 degrees
geometry avoids the detector viewing the sourcee Tihstrument uses two grating
monochromators which allow the scanning of ex@taspectra and emission spectra (emission
wavelength scanned at a fixed excitation wavelendthalso synchronizes the two spectra
together.

3.7  Applications of Fluorescence Methods

Fluorescence methods are used to study chemicdibeiguand kinetics in the same way as
absorption spectrophotometry is used. It is oftessfble to study chemical reactions at lower
concentrations due to higher sensitivity of flueesce technique. Fluorescent probes or tags
can be attached covalently to specific site in mdkes such as proteins for easy detection and
monitoring. These tags can also be used to proudi@mation about energy transfer
processes.

Also, quantitative fluorescence methods have bemreldped for the analysis of inorganic,
organic and biochemical molecules. The inorganioriscence methods could be done
directly or indirectly. The direct methods are lthsm the reaction of the analyte with a
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complexing agent to form a fluorescent complex,lavtihe indirect method depends on the
decrease in fluorescence as a result of interaofitime analyte with a fluorescent agent.

With respect to organic and biochemical applicatjofiluorescence method is used to
determine amino acids, proteins, coenzymes, vitgminucleic acids, alkaloid, flavonoids,
steroids and many other metabolite. Also, fluoraseds widely used as a detection technique
for liquid chromatographic methods, for fluoro-arsadé methods and electrophoresis.

4.0 Conclusion

From what we have learnt, it is clear that fluoegse is a radiation produced by an atom
or a molecule that has been excited by photons singlet state and the fluorescent
compounds contain multiple conjugated bond systen@omatic rings. The technique is

very important for both qualitative and quantitatanalysis.

5.0 Summary

In this unit, we have learnt that:

* Molecular fluorescence involves the emission ofatin as excited electrons return to
the ground state.

» The wavelengths of the radiations emitted are wiffefrom those absorbed and useful
in the identification of a molecule.

* The intensity of the emitted radiation can be usedjuantitative method while the
wavelength of maximum emission can be used quiaktst

* Fluorescent compounds contain multiple conjugateddbsystems or aromatic rings
with associated delocalized electrons.

* Most molecules that fluoresce have rigid planarctrres.
6.0  Tutor Marked Assignment

1. (a) How would you distinguish between excitatéo fluorescence spectra?
(b) Why do some absorbing compounds fluorescéevatihers do not?

2. (a) Explain why molecular fluorescence usuatigurs at a longer wavelength than the
exciting radiation?
(b) Describe the components of a fluorometer aat svhy the instrument is double-
beam in design.

7.0  Further reading/Reference

1. Willard, H.H., Merrit, L.L., Dean, J.A. and SettF.A. (1988)instrumental Method of
Analysis, 1" Edition Wadsworth Publishing, CO., USA

2. Douglas, A.S., Donald, M.W.,James, F.H., andl8ta R.H. (2004) Fundamentals of
Analytical Chemistry8™ Edition.
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Unit 4 Fluorimetry
1.0 Introduction:

Molecules of some substances under certain conditabsorb radiant energy and after an
interval of 10" or 10° seconds, the excited electrons return to a lowergy level, and the

energy being emitted as visible light. This radiatiis termed fluorescence. Under the
conditions of biological and biochemical analysiss energy has a greater wavelength that is

lower energy than the exciting radiation. In fluoetry, there is absorption and emission.
2.0 Objectives:
By the end of this unit, the student should be &dile

» describe a Fluorimeter;

» explain the mode of operation of the instrument;

» explain quenching and sensitivity of the instrument
» state the application of a Fluorimeter; and

* enumerate the various precautionary measuresabderved when using Fluorimeters.
3.0 Definition:
An instrument that is designed to measure the sittenf fluorescence is called Fluorimeter.
3.1 Mode of Operation of the Instrument

In photoelectric Fluorimeters, a beam of ultravidight (< 400nm) of regulated uniform
intensity from a mercury vapour lamp passes thraugaphragm to fall on either an incident
wavelength selector or an exciter filter. This éiiltor selector transmits only such UV
wavelengths which are close to the absorption maminof the fluorescent substance to be
estimated, and cuts off all other wavelength inclgdthose above 400nm. The UV
wavelengths emerging from this selector or filtee ocused by a lens system to the test
solution in a transparent cuvettes or sample @&lé fluorescent solute in the solution emits
long wavelengths of visible fluorescent light orsatbing UV rays. To avoid unabsorbed and
undeflected UV rays being transmitted through thietson, long wavelength fluorescent rays,
emerging from the sample cell at only an anglentogath of the exciting beam, are made to
pass through an emitted wavelength selector orr@ebdilter. This filter cuts off any UV ray
which might have been deflected from the samplé eeld transmits only the specific long
wavelengths of fluorescent rays to a lens systeime $ystem focuses the fluorescent
wavelengths to a photo cell which consequently ggae a current in direct proportion to the
intensity of fluorescence. This current pulse ighired and measured.
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A schematic diagram of a fluorometer is shown below
Filter

— |—» Sample
UV Source

Filter 2

\0/ Detector

Fig. 4.1 A Simple Fluorimeter design
Source: Analytical Chemistry, Sixth Edition by Gary D. Christian

3.2  Quenching:

When there is a reduction in the intensity of feswent due to the specific effects of
constituents of the solution itself quenching oscufor example, phosphate buffers quench
fluorescence. When the fluorescent substance ponsgble for the absorption of fluorescence,
it is known as self-quenching. Quenching can alsadused by the transfer of energy by the
collision of the excited molecules of the fluorasicenaterial with molecules of solvents or

solute.

3.3  Sensitivity:

For very low concentration of substances, the seitgi of fluorescence is proportional to
concentration, provided the exciting energy remainastant. At higher concentrations of
solutions, this linear relationship tends to bermged.

Fluorescence is sensitive to such variables asesi\pH, temperature, impurities and the
presence of ions such as CNB Br, CI, which have all marked quenching effect, e.g. Cl
guenches the fluorescence of quinine.

Nevertheless, with more sensitive equipment, fluetric procedures can be more sensitive
than spectrophotometric methods by an order of ftadm of at least o 10.

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

Thiamine, vit 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-phthdéddyde.
Magnesium by reacting with 8-hydroxyquinoline amtpsuric acid.

S e o
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3.5

4.0

5.0

6.0

7. Amphetamines by reacting with formaldehyde andyhestetone.

Precautions for usage:

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

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

2. Pyrex or quartz cuvettes must be used because eofslthht fluorescence or
ordinary glass.

3. Filters should be checked for contribution to blae&dings.

4. Stopcock and other greases give rise to problemslaould be avoided.

5. pH and temperature must be carefully controlled.

6. Solutions must be free from gas bubbles, suspesalats and turbidity.

7. Exciting radiant energy sometimes done slowly clearitpe colour or intensity of
fluorescence reading and hence must be made rapidly

8. Internal standards should be used to detect quamabn alteration in colour of
fluorescence — comparison should be made betweemtamal and external
solution.

Conclusion

Fluorimetry is a method of analysis which measuhesintensity of fluorescence that
can be used in estimating the concentration ai@dscent substance in solution.

Summary

In this unit we learned that:

Fluorometry involves the measurement of the intgnsf fluorescence radiation
emitted by fluorescent substance.

Fluorimeter is an instrument used to measure thensity of the emitted
fluorescence radiation from a given sample.

Fluorometer consists of light source, filters ardedtor.

Fluorimetric method can be used to analyse a varét substances such as
thiamine, riboflavin, quinine, etc.

Tutor marked Assignment (TMA)

What is meant by each of the following:

Fluorimetry
Fluorescent filter.
Quenching

(a) With the aid of a suitable schematic diagraescdbe the mode of operation of a
fluorimeter.
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(b) Explain why pyrex or quartz cell must be usadteéad of a normal glass while
measuring the emitted fluorescent radiation frogivan sample.

7.0  Further Reading/References

1. Harris, D.A. and Bashford, C.L. (198%pectroscopy and Spectrofluorimetry — A
Practical ApproachIRL Press, UK

2. Christian, G.D. and O'Reilly, J.E., (198&)strumental Analysis,"? Edition. Boston,
Allyn and Bacon.
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Unit 5: Fourier Transform Spectroscopy
1.0 Introduction:

Fourier transform spectroscopy is a non disper&ehnique which uses an array of detectors
to measure the entire spectrum at once or simudtehe The spectrum is spread into its
individual component wavelengths and each smaldbainwavelength is directed onto one
detector. Thus, Fourier analysis is a mathematway to decompose a signal into its
component wavelengths that can be determined & onc

2.0  Objectives:
By the end of this unit, you should be able to:

» explain the meaning of interferometry;

» Describe the instrumental design of an interfer@emet

» State the application of interferometry; and

» List the advantages of FTIR in relation to inteof@eter device.

3.0 Definition:

The Fourier transform infrared (FTIR) instrumentsrabt contain any dispersing device and all
wavelengths are detected and measured simultayeous! this case, instead of
monochromator, a device called interferometer isdu® produce interference patterns that
contain the infrared spectral information. Henbe, technique is called interferometry.

3.1 Interferometer:

Interferometer is a non-dispersive device thatiabtapectral information through constructive
and destructive interference used in Fourier Tansfinfrared instrument.

An interferometer is the heart of a FTIR spectrdphweter. It consists of a collimated light
source, a stationary mirror at the top, a movabieomat the right, a beam splitter and a
detector. The light source may be a laser or sodamenlamp. The mirrors are precision
polished ultra-flat glass with a reflecting coatingpour deposited on their surface. The
movable mirror is mounted on a very precise linasaring that allows it to move along the
direction of the light beam while remaining perpienthr to it.

The beam splitter is the key heart to the operatiotie interferometer. It allows a fraction of
the light to pass through the mirror and reflea tther fraction or part. The device works in
both directions, so that light falling on eithedesiof the beam spilitter is partially reflected and
partially transmitted.
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3.2 Instrumentation:

The instrumental representation of an interferomistshown below:

I Stationary mirror

S
Y
1
. Movable
Beam splitter ]
~ mirror
Source o
7 7
7
O —> =~ —> < <>
o M
s
R4
Vs
/:/,
4
: | Sample
| .
: | position

QDetector

Fig. 5.1 A schematic diagram of interferometer

As seen in the above diagram, a beam from the #ghbtce falls on the splitter which then
splits the beam into two parts. The two beams traveeparate paths and converge on the
detector. The two beams (OS and OM) converge insdme region of space and form an
interference pattern. As the movable mirror intiight is moved, the interference pattern shifts
across the detector and modulates the optical Isigie resulting reference interferogram
which is a plot of output light intensity againsetwave number (4] is recorded. This is used
as a measure of the power of the incident bearth wbaelengths. An absorbing sample is then
inserted into the beam, and a sample interferogeanecorded. The two interferograms are
then used to compute the absorption spectrum cfahmle.

Example,

Intensity

Wave number (1/A\) cm™

Fig: 5.2 an interferogram of the light source
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3.3  Sample Application

In a Fourier spectrophotometer, the sample in lasekually placed between the output of the
interferometer and the detector. As the light isgpag through the sample, it then absorbs
certain wavelengths of the incident light. Since slhmple absorbs certain wavelengths of light,
the interferogram contains the spectrum of the ouninus the spectrum of the sample. An
interferogram of a reference sample (blank) comgironly the solvent is first recorded and

transformed into a sample spectrum. The two integiems are then used to compute the
absorption spectrum of the sample.

3.4  Advantages of FTIR

The FTIR spectrophotometer is a very sophisticatsttument. It has advantages of : Speed,
frequency accuracy, more efficient use of radiatignthe interferometer, improved signal, a
built data handling capabilities.

These advantages cause the rapid displacememtditidnal dispersion instruments.
4.0 Conclusion

Interferometry is a technique which uses interfetaminstead of a monochromator to produce
an interference pattern that contains the infraspagttral information.

5.0 Summary

In this unit, we have learnt that:

Interferometry involves the use of a device callgdrferometer.

Interferometer is the heart of FTIR instrument.

An interferometer consists of a beam splittetasi@nary mirror and a movable mirror.
Reflection of the light from the two mirrors cresi@n interferogram.

Fourier analysis is a mathematical way to decommossgnal into its component
wavelengths.

6.0  Tutor Marked Assignment

1. (a) Explain briefly, the modifications made on FeuiTransform Infra-Red
Spectrometry.
(b) A typical FTIR spectrometer covers a wavelengthige from 3 - 13m. How
would you express this in: (i) wave number andh@jtz?

2. How would you distinguish an infra red spectrométem FTIR spectrometer.

7.0 Further Reading/References
1. Daniel, C.H. (1982Qualitative chemical Analysi€™ Edition

2. Douglas, A.S., Donald, M.U., James, F.H. anci8ta .C. (2004) Fundamentals of
Analytical Chemistry8" Edition
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Unit 1 Polarography

1.0 Introduction

Voltametry encompasses a sophisticated collectibramalytical techniques in which the
relationship between voltage and current is obskedigring electrochemical processes. The
major subdivision of voltametry is polarographygemsitive electro-analytical technique that is
especially useful for trace analysis. The secongomelassification within voltametry is

amperometry.

In polarography, the current flowing through thd emeasured as a function of the potential
of the working electrode. Usually, this currentpsoportional to the concentration of the
analyte. The most sensitive polarographic procexihexe a detection limit near 11 and a
precision around 5%. Less sensitive polarograplithods operating with ~FM analyte are
capable of a precision of a few tenths of peradatigh 2.3% is most common.

2.0 Objectives
By 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; and

* enumerate the applications of polarography.

3.0 Definition

Polarography is a technique in which the curremiviihg into an electrolysis cell is measured

as a function of the applied potential.
3.1 Mode of Operation of a Simple Polarograph

Apparatus for a direct-current polarograph expenimie shown below. The mercury pool

provides a large area anode with little polarizatibhe attached mercury drop is the cathode
and the steady detachment of the drops minimizesaotnation. The nitrogen keeps the
solution free from oxygen which affects the perfanoe adversely. Potassium chloride
electrolyte is used to increase the conductivitydose of large negative discharge potential of

the potassium ion.

The applied voltage is gradually increased and aeation in current is measured. The
potential of the cathode is determined by inseriimg the solution, a standard electrode. Thus:
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Fig: 1.0 A Polarography Apparatus

Source: Advances in Analytical Methods by G.R. Palin, Page 207

3.2  Shape of a Polarogram

A graph of current versus potential in a polarogragxperiment is called a polarogram, and
for a solution containing only one dischargeablecggs, M, it has the form shown below:

Current

4

A

T

) I (Diffusion Current)
Potential l

Half wave

P

v

Voltage
Fig. 1.1 A Polarogram

Source: Quantitative Chemical Analysis 2" Edition by Daniel C. Harris, Page 454

Theoretically, the current should be zero when \tb#tiage is insufficient to produce the

discharge potential in the cathode, but in practicere will be some small current. When the
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discharge potential of the ion"Mis reached, the current increases rapidly as tiage is
increased until the concentration polarization lbee® so great that the limiting current is
attained. Any further increase in the applied \gstavill produce little or no charge in the
current. It has been shown that the half wave patef is independent of the ionic
concentration, and for a given potassium chloridecentration, there is a fixed value of P
which corresponds to a given ionic species. Thigbks qualitative determinations to be
carried out. 3 is known as the limiting diffusion current whicls idependent on the
concentration of M. Hence, quantitative determinations can also Issipte.

3.3  Applications of Polarography

* The technique is effective in the qualitative idigcdtion of an unknown.

» Polarographic technique can be used to study ttes raf chemical reactions that
compete with the electrode reactions.

* It can also be used to determine more than one ispecies in solution; but this
requires a series of steps of the same form whichirs when the discharge potential of
each species is reached.

* The technique is also effective in the determimatibvery dilute solutions.
4.0 Conclusion

Polarography is a method in which the amount ofenurflowing into an electrolytic cell is

measure as a function of the applied potential.
5.0 Summary
In this unit, we have learnt that:-

= Polarographic method measures the amount of cufieming through an electrolytic
cell.

= The amount of current is directly proportional lbe toncentration of the analyte.

= A plot of current against the electrical potengiedduces a polarogram.

= Polarographic method is used in qualitative idé&dtfon of compounds and to study

the kinetic parameters of some chemical reactions.
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6.0  Tutor Marked Assignment (TMA)
1. (a) Define the term polarography.

(b) With the aid of a diagram, describe the modepsration of typical polarographic

equipment.
2. (a) State the application of polarography inlieal research.

(b) Give an illustration of a polarogram and expldie meanings of (i) halfway

potential, (ii) diffusion current.

7.0 Further Reading/References
1. Koryata J. (1993pns, Electrodes and Membran® EditonWiley-Liss Inc., USA

2. AJ. Bard & L.R. Faulkner (198(lectrochemical Method&New York, Wiley, UK
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Unit 2: Coulometry
1.0 Introduction

Coulometry is an electro-analytical method of asslyFaraday’s laws of electrolysis form the
basis of quantitative coulometric analysis. Youlsdtiaecall that according to this law: The
weight of substance liberated during electrolysidirectly proportional to the quantity of
electricity passed. Also the weight of substantesdted by the same quantity of electricity is
in direct proportion to their equivalent weightauometric methods are performed by
measuring the quantity of electrical charge reqluiceconvert a sample of analyte

guantitatively to a different oxidation state.
2.0  Objectives
By the end of this unit, the students should be il

» define coulometry;
» describe the different types of coulometric analysi
* itemise the steps involved in coulometric titraipand

» Carry out some coulometric calculations.
3.0 Definition

Coulometry is an electrolytic method of analysiattis based on measuring the number of

electrons used in a chemical reaction.
3.1 A Typical Example of Coulometric Process

In coulometry, cyclohexene may be titrated with Bhich is generated by electrolytic

oxidation of Bromide (B}.

i.e. 2BfF—Br,+2¢

Br
o )~
Br

Cyclohexene 1,2 — dibromo-
cyclohexane

Then;

In the above reactions, enough of bromine is geeéita react with all of the cyclohexene.
Thus, the number of moles of electrons liberatddiise that of B and hence, twice the moles

of cyclohexene.
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In coulometry, the reaction betweeryBnd cyclohexene is carried out using a coulometric
apparatus. During the process, enoughi8generated by the platinum electrode positicated
the left side. The generated,Bnen reacts with cyclohexene. If all of the cy@réine has been
reacted, the concentration of,Bn the solution suddenly rises which indicatesehd of the

reaction.

The rise in concentration of Bis detected by measuring the electric currentighapplied in

the process. Thus, a small voltage is applied batviee two electrodes but this is not enough
to electrolyze the solute. When the concentratidBresuddenly increases, a current flows as a
result of the reaction taking place in both cathade anode. Thus, the sudden increase in

current is taken as the end point of cyclohexemnatitn.

3.2  Types of Coulometry

There are two common types of coulometric meth@asely: Controlled potential and
Constant current.

3.2.1 Constant Current Coulometry

In this type of analysis, a constant current idiadpvhenever the power is connected to the
electrodes. This method is called coulometrictitra If the current is known, the time
required for complete reaction is measured in otaleount the coulombs.

i.e. g=1 (1)

The power supply is built to automatically meadhestime of operation. When the current is

multiplied by the time taken, the number of coul@wised in the titration is obtained.
3.2.2 Controlled Potential Coulometry (Potentiostat)

In this method, the potential of the working elede is kept at constant level in such a way
that only the analyte is responsible for conductihgrge across the electrode and solution
interface. The charge required to transform théyémato product is determined by recording

and integrating the current against time curverdpthe electrolytic process.
ie. q=[ Idt ()

In this case the current is initially high and dsges exponentially as the concentration of
the analyte sample decreases. Thus, the currerdgades with time. Also the power supply
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contains a circuit that automatically integratesamn (1) to calculate the number of

coulombs applied.

Controlled potential coulometry is more selectivart the constant current. As the current
decays or decreases exponentially, the equivaleoio¢ is never reached. But the
equivalence point can be obtained by setting tmeentidecay to an arbitrary value.
Example, the current will be 1% of its initial valwhen 99% of the analyte sample is
consumed. On the other hand, the current will k&0xhen 99.9% of the analyte has been

used up.

3.3 A Typical example of Coulometric Calculations

Assuming that a 2000 chof solution containing 0.7113 mg of cyclohexenelesrto be
titrated against bromine. If the coulometer is aped at a constant current of 5.820mA,
what would be the time required for complete titna®?

(Molar mass of cyclohexene = 82.146; 1F = 96485C)

In this case, the quantity of cyclohexene is caliad as follows:

2000 ml x0.7113 mg/ml
82.146mg /mmol

= 17.318 mol = 0.0173 m mol

Since 82.146 is the molecular weight of cyclohexene

and each mole of cyclohexene requires one molepfaich in turn requires two moles of
electrons to flow through the circuit.

O for 0.01732 mmol of hexane to react, 0.03463 moh@lectrons must flow.

It
F

Moles of é=

t = moles of e” XF
st = ]

_0.03463x1073 x96485 C/mol

b= 5.820 x1073C/s = 574.102 s/mol

3.4  Current Efficiency requirements

In all coulometric methods 100% current efficieigyequired. That is each Faraday of
electricity must bring about a chemical changehmdnalyte equivalent to one mole of
electron. Note that 100% current efficiency carobtined without direct participation of
the analyte in electron transfer at an electrode.

For example, Chloride ion (§Imay be easily determined using controlled po&tnti
coulometry or coulometric titrations with silvemigAg’) at a silver anode. The silver ion
then reacts with chloride ion to form a precipitateleposit of silver chloride. The quantity
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of electricity required to complete the silver aide formation serves as analytical variable.
In this case, 100% current efficiency is realizedduse the number of moles of electrons is
essentially equal to the number of moles of chrah in the sample, even though these
ions do not react directly at the electrode sutface

35 Instrumentation

The equipment required for a coulometric titratocmmsists of a source of constant current, a
titration cell, a switch, a timer and a device fimonitoring current. When the switch is

moved to position 1, the timer starts and initiatesirrent in the titration cell. When the
switch is moved to position 2, the electrolysis #meltimer are stopped. With the switch in
this position, the current continues to be dravamfthe source and passes through a dummy
resistor R that has about the same electrical resistandeeasetl. This arrangement ensures
continuous operation of the source, which aids anmaining a constant current.

Constant Current Source

1
Switch
Current =—te | Titration
Meter — cell
Rp

Source: Analytical Chemistry by
Skoog et al, 2004

Fig. 2.1 Conceptual diagram of a coulometric titration apparatus.

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

Two types of cells are used. The first consista pfatinum gauze working electrode, a
platinum wire counter electrode and a saturateoheal reference electrode. The counter
electrode is separated from the analyte solutioa bglt bridge, which contains the same
electrolyte as the solution being analyzed. Thidda is needed to prevent the reaction
products formed at the counter electrodes fronusiifig into the analyte solution and
interfering.

The second cell is made of mercury cathode. Thiseful for separating easily reduced
elements as a preliminary step in analysis. Thastedde is also useful in the coulometric
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determination of several metallic cations that fonetals that are soluble in mercury. In this
application, there is only little evolution okldas even at high applied potentials.

3.6  Advantages of Coulometric Titration Over the Caventional Titrations

Coulometric titration has a lot of advantages @/aormal volumetric titration. Among the
advantages is the elimination of the problems aatmtwith the preparation,
standardization and storage of standard solutibims. advantage is particularly significant
with reagents that are not stable such as chldbirmenine, etc. Another advantage is that
coulometric method excels when small amounts ofytaés to be used in the titration. But
with conventional titration, it is inaccurate amg¢@nvenient to use very dilute solutions and
small volumes.

In coulometric procedure, a single constant cursentce provides reagents for
precipitation, complex formation, and neutralizatar redox titrations. But this is not
possible in normal volumetric titration. Finallyidometric titrations are more versatile and
more accurate than the conventional volumetric ggec

3.7  Application

Coulometric methods have been used to determiregaexements in inorganic
compounds and synthesize organic compounds.

But generally, coulometric titration is applied in:

* Neutralization titration

* Precipitation and complex formation reactions @glametric titration with EDTA are
carried out by reduction of the ammine mercuryEIDTA chelate at mercury cathode.

» Oxidation — reduction (redox) titration — coulometitrations have been applied for
many redox titrations

4.0 Conclusion

Coulometry is a method of analysis which is basedeasuring the number of electrons
used in chemical reactions.

5.0 Summary
In this unit, we have learnt that:

» Coulometry comprises a series of analytical tealmsgn which the quantity of
electricity needed to carry out a chemical reacisoumsed to measure the quantity of
analyte present.

» Coulometric titrations are carried out at a constamrent.

» Controlled potential coulometry is operated at tamispotential and is more selective
than coulometric titration.
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* Measuring the electrons consumed in the reactiachgeved by electronic
configuration of the current versus time curve.

6.0  Tutor Marked Assignment

1. (a) Differentiate between controlled — potentialloonetry and constant — current
coulometry.
(b) Why is it necessary to isolate the working &teae from the counter electrode in
a controlled — potential coulometric analysis?

2. In a certain coulometric experiment, 5.32 mA ofreat is passed for 964s for
complete reaction of a 5.00 ml of a liquid of ukmoeyclohexene solution
(a) How many moles of electrons passed througleeh@
(b) How many moles of cyclohexene reacted?

7.0  Further Reading/References.

1. Koryata J. (1993pns, Electrodes and Membrané®® Edition, Willey — Liss Inc.,
USA

2. Koryata J., Dvorak and L. Kavan (19%G)nciples of Electrochemistrylohn Wiley,
UK

3. Eggins, B.R. (199&8iosensorsJohn Wiley, UK
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Unit 3 Conductimetry
1.0 Introduction

Conductimetry analysis involves the applicatiorelaictrolytic cell to measure the
conductance of a given solution. This is basecheretectrical properties of ions present in
the solution to be analyzed. When a current isgzhwough a solution containing
negative and positive ions, such ions move towHre®lectrodes carrying the current into
the solution. Positively charged ions migrate talgahe cathode and negative ions towards
the anode. But, the rate at which the ions mowaflisenced by a lot of factors such as the
degree of the solvation of the ions, temperatutkvascosity of the medium. Since the
movement of ions is responsible for the conductibelectricity through the solution, the
extent of flow of current is dependent on the nundfeons per unit volume of solution
(concentration), the ionic charge and the rate igfation towards the electrodes. Also, the
extent of conduction depends on the potential diffee across the solution.

2.0 Objectives
By the end of this unit, students should be alile to

» define conductimetric analysis;
» explain the principle of conductimetric analysisga
» list the basic applications of conductimetric asay

3.0 Definition

Conductimetry is an electrolytic technique thaised to measure the conductance of
sample solution based on the electrical propedii¢ise constituent ions.

3.1 Basic Concepts of Conductance Analysis

The current passing between the two electrodeariged by the ions in the solution and is
related to the number of ions present. This is@&salt of both the molar concentration of
the compound and its extent of ionization. The asidonate electrons to the anode while
the cations accepts electron from the cathods.this transfer of electrons that determines
the amount of current flowing and the contributajreach ionic specie is determined by its
ionic mobility.

The current flowing through a conductor is defitlgdOhm’s law which states that the
electric current flowing through a conductor isedity proportional to the applied voltage
and inversely proportional to the resistance ofcreductor.

. _ Voltage (V)
i.e. Current (1) pm——

But in terms of conductance (C),

I=CXV
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3.1.1 Specific and Molar Conductance

The specific conductance (K) of a given solutiode$ined as the conductance per
centimeter of a solution that has a cross-sectiares of 1 cf) and is measured in SEm
(or in non SI unit o cm™).

The molar conductancéd\ is the specific conductance of a solution cogéedor the
concentration of ions in the solution.

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

NOTE: The value of conductance decreases as tlemcwation of the solution decreases,
but the value for molar conductance will increadds is due to increased dissociation of
molecules in dilute solutions.

3.2 Conductimetric Measurements

The basic instrument used for conductimetric mesments is called conductivity meter.
This instrument has a basic arrangement of a Wioeat$ridge. In this case, the
conductance of solution is measured using an altiexgncurrent rather than a direct one.
This is to prevent the accumulation of charges@atelectrodes which would change the
composition of the solution at the electrodes aidbduce substantial errors in the
measurement.

The basic circuit diagram of the instrument is gibelow:

Cell

R:

Fig 3.1 : A Wheatstone

L o o

With fixed resistance, Rand R, the variable resistance, s adjusted until current just
flows through the galvanometer. Under these caoruti

RiXR/ = Rei X R

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

The electrodes conductivity cells are usually mafdglatinum coated with platinum black
with a known area. Despite that in many cells tistadce between the electrodes is
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3.3

3.4

adjustable, but in any experiment it must be helustant and for many calculations the
precise value is required. The cells must be thetatically controlled because any
changes in temperature will cause significanceaiten of conductivity values.

Experimental Precautions

Solvent purity

The presence of ions in the water used in condtictiveasurement can lead to serious
errors particularly in the analysis of a very ddlgolution where the measured
conductance may be of nearly the same magnitutteeaonductance of the dissolved
impurities. Thus, in conductivity measurement deized water has a specific
conductance (conductivity) of 5.5 x {@*cm*

Titrant Volume

During conductimetric titrations, the concentratai the conducting species should
not change significantly; otherwise errors willibroduced into the measurements.
Hence, the concentration of the titrants shouldlib@ut 10 times that of the solution in
the conductivity cell so that the increase in vaduan, and beyond, the end point will be
small.

Temperature

The specific conductance of most ions usually iases by about 2% for each degree
rise in temperature. It is therefore very import@ntontrol the temperature accurately
in such measurements. For example, for titratiowsaher routine analysis, the
temperature may be controlled for + #@5wvhich ensure a precision of + 0.5%. But,
for other purposes, such as the determinationssiodiation constants, more accurate
temperature control is required.

Extraneous ions

The presence of large concentrations of extranemssin solution to be analyzed is
usually not required. This is because any changemauctance is being masked by
such ions. This happens particularly if the lingtiequivalent conductance of the
foreign ions is similar to those of the ions toamalyzed. Such problem may be
overcome by using high precision conductivity metar bridges.

Applications

Conductimetry is a very useful phenomenon for thieignination of various physical
constants, such as dissociation and solubility teorts. But its major application is for
monitoring titrations.

Solubility determination
Conductimetry is applied in the determination diibdities of sparingly soluble salts.

It involves the measurement of the conductivityf(k)the saturated solution and then
1000K

C

followed by the calculation of the concentratior) {@m the equation\ =
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whereA is the equivalent conductance or specific condwetaf 1 cm solution
containing 1 gram-equivalent of solute (molar castdaoce)
» Dissociation constant
This is determined by calculating the degree ddatgtion from the equivalent
conductance of the analyte.
For a weak acid HA,
i.e.
[H*][A] a’C

Ke = [HA] ~ 1-a«a

wherea is the degree of dissociation given by:

AC . .
@ =g whereA® is the equivalent conductance before

dissociation while\" is equivalent conductance after full dissociation.

* Precipitation titrations
In these titrations, the conductance of a solusameasured as function of the volume

of a titrant. The shape of the titration curve dejseon the conductance of the ion in the
cell (ic) and that of the ion in the titranf)(ilf ic is greater than,ithe conductance
decreases at first, then increases after the emidaeithe concentration of the titrant ion
increases. The end point is the intersection ofwlelines.

» Acid-base titration
As an acid is titrated with an alkali, the ionicygoosition of the mixture changes and
this is reflected in the conductivity of the sodurti
In conductimetric titration, the conductivity caa plotted against the volume of the
alkali that is being used. This gives rise to d#f# titration curves as below:

I

R —
~

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

Conductivity

Conductivity

Vol. of alkali
Strong acid and strong base

Conductivity
Conductivity

1

i

1
v

<4------

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

A weak acid and weak base

Fig: 3.2
Note: the end point is where the two lines intersach other.
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4.0

5.0

6.0

7.0

Conclusion

From what we have learnt, it is clear that condnetric analysis involves the application
of electrolytic process to measure the conductaneegiven solution.

Summary

In this unit, we have learnt that:

Conductimetry is an electrolytic technique thatsed to measure the conductance
of a sample solution based on electrical propedigbe constituent ions.

The electric current flowing through a conductodireectly proportional to the
applied voltage and inversely proportional to tgistance of the conductor.
Specific conductance of a given substance, isahductance per cm of a solution
that has a cross-sectional area of 1amd is measured in Sénor S.I. unit ofQ™
cm™,
The basic instrument used for conductivity measerdns called a conductivity
meter which has a basic arrangement of a Wheatbtioige.

Conductimetry is very useful in determining varigalg/sical constant such as
dissociation constant and solubility constants laliso very useful in titrimetric
analysis.

Tutor Marked Assignment

1. (a) Explain the basic concept of conductimetnalysis.

(b)With the aid of a good diagram, describelthsic instrumental design of a

conductivity meter.

2. lllustrate the different titration curves oloi@ble from condutimetric titration and
indicate the end point of each titration.

Further reading/References

1. Douglas, A.S., Donald, M.W., James, F.H. anai8ta R.C. (2004)Fundamentals

of Analytical Chemistry8™ Edition.

2. David, J.H. and Hazel, P. (1998nalytical Biochemistry3® Edition, Longman.

3. Daniel, C.H., (1982)Qualitative Chemical AnalysiQnd Edition.
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Unit 4 Polarimetry
1.0 Introduction

Polarimetry is the method of analysis which is lbase the ability of a given compound in

solution to rotate a plane polarized light to daierdirection.

An ordinary light beam consists of waves oscillgtin random directions. Each of the
vibrational directions can be resolved into two wality perpendicular directions. But the

actual vibrational direction is the vector sumioé two components

Vertical Vibrational

componen‘ _______ direction
1
1
Horizontal :
componegat !
Ml

|

If the ordinary light is collimated and passed tigb a crystal which allows only one
vibrational orientation to be transmitted, the snauitted light is said to be plane polarized.
Many natural crystals produce polarized light, ibig most conveniently obtained with

commercially available Polaroid materials.

2.0  Objectives
By 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; and
* enumerate the uses of a polarimeter.

3.0 Definition

An instrument used in measuring the optical rotatiba substance in solution is called a
polarimeter and the phenomenon, polarimetry.

3.1  Basic Principle of Polarimetry

Some compounds in solution have the power of rajatie plane polarized light to a certain
direction. Such compounds are said to be optieaitive and, in the case of organic
compounds, are found to have one or more asymnuoatriion atoms within the molecule. An
asymmetric carbon atom is one with four differertups attached to it. The degree or
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direction of the rotation is either to the righaifed dextrorotatory, +) or to the left (called
laevorotatory, -).

The extent of the degree of rotation of the plaolanzed 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; and

» wavelength of the light used.

The wavelength of the light normally used is thiasadium D line (589.3 nm), and the
temperature is kept constant at 20 df@%ithin the instrument.

3.2 Mode of Operation of a Polarimeter

Before operation, the analyzer prism of the polatanis rotated to make both halves of the
field of view equally bright; the circular scaleaceng for this position of the analyzer prism is
noted as its zero position. The polarimeter tutibes filled with the experimental solution, the
jacket around the tube is filled with water at aegi temperature and the solution is allowed to
stand in the tube for some time to attain that enajpire. On passing the monochromatic light
again through the polarimeter, the two halves @& fleld of view now look unequally

illuminated due to the rotation of the plane pdaed light by the solution in the tube. The
analyzer prism is rotated until both halves lookiadty bright again. The difference in the

circular scale reading between the final positibrih@ analyzer prism and its zero position

recorded initially, gives the angle of rotationtleé polarized light.
3.3 Instrumentation

Optical rotation is usually measured by a polaranetr polariscope and the phenomenon is
called Polarimetry. The polarimeter consists of a long hollow barm@irging at its opposite
ends, a fixed polarizer Nicol prism and a rotatamglyzer Nicol prism respectively. A hollow
polarimeter tube, encircled by a jacket, can begqulanside the barrel between the two prisms.
This tube of a given length is intended for cargythe solution under investigation while the
jacket around it may be filled with water at a givemperature. Between the polarizer prism
and the polarimeter tube, a quartz plate is loctaedbscuring half the field of view. Beyond
the analyzer prism are situated the telescopic iegeplenses. That end of the polarimeter
barrel carries a fixed circular scale graduatediegrees radian, the position of the analyzer

prism may be read on this scale. A schematic dmagriaa polarimeter is given below:
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Polarizer Nicol Analyzer Nicol

‘ Polarimeter tube ‘

for solution
e -->
) R -->
Light ----» . . -
- p -->

Condensing lens

I I I
Quartz Plate Telescope lenses

Fig: 3.4 A Polarimeter

Source: A guide to the choice of Optical Equipment and Reagents for
Immunoflourescence Technique by Taylor, C.E.D. et al, Page 165.

There are three essential parts:

3.4

The polarizer (a lens and nicol prism assemblydlanze the incident light)

The polarimeter tube (a thick-walled glass tubédnwitscrew on both ends incorporating
optical glass windows) which contains the solutioiler examination.

The analyzer (a nicol prism, and eye piece assefablyrossing the plane of the
emergent polarized light) which is filled with agitee scale and pointer.

Uses of Polarimeter

Below are some of the uses of the instrument:

4.0

From the angle of rotation “a” of the polarizedhligietermined by the polarimeter, the
length,l, of the solution column in the polarimeter tube émel concentration C of the
solution, the specific rotatiom of the solute may be calculated by the formulaegiv
below:
5 _ @&

[x]5 = I % C
An optically active substance may be identifiechisolution of a known concentration
by measuring its optical rotation.
From the optical rotation of a mixed solution ofbtsubstances having known specific
rotations (e.g. sucrose and glucose), their res@econcentrations in that solution can
be estimated.
If o is already known for the solute, its concentrat@im the solution can be calculated
using the estimated angle of rotatianand the lengtH, of the solution column.

Conclusion

Polarimetry is a method which is used to deterntiweeoptical rotation of a given compound
based on the ability to rotate a plane polarizghitlio a certain direction.
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5.0 Summary
In this unit, we have learnt that:

= Polarimetry is a method of analysis which is basedhe ability of a given optically
active compound to rotate a plane polarized light.

= The degree of rotation could be either to the r{@)tor to the left (L)

= Sodium lamp is normally used to provide a speeifwelength (589.3 nm) for optical
rotation.

= Optically active compounds contain one or more asginc carbon or chiral centre.

6.0  Tutor Marked Assignment (TMA)
1. (a). Distinguish between dextrorotatory and taetatory

(b). With the aid of a schematic diagram, desctiifgeinstrumental arrangement of a

polarimeter and state the function of each part.

2. (a) A solution of 3 — phosphoglycerate (0.25mjdn water has an observed rotation of
—2.16 in a 1 dm tube at 2G. What would be the specific rotation of the coumd?
State whether the compound is L or D and give yeason.

7.0 Further Reading

1. Philip, M. (2003). Advanced Chemistry Physical and Industridf’ Edition,
Cambridge

2. Allen, M.S., Barbara, A.G. and Melvin, L.D. (20 Microscale and Miniscale
Organic Chemistry Laboratory ExperimenkécGraw-Hill Higher Education.
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Unit 5 Refractometry
1.0 Introduction

In addition to absorption and emission, there #ineranteraction phenomena which are
useful for both identification and structural sesliHence, refraction is one of these
important non-absorptive processes. When radigig®mses from one medium to another,
it is partially reflected and partially transmittélche transmitted radiation retains its
characteristic frequencies in the new medium, boti the velocity and direction of
propagation may change. This can be illustratedlloyving a radiation to pass from air to
glass medium. To explain this behavior, a ‘wavefrperpendicular to the direction of
propagation of the ray is considered. Thus if thegtrikes the surface of glass at an angle
of incidence @), then one side of the wave front reaches thefatde and enters the glass
before the other. Therefore, while one side ofwhge front is travelling in glass, the
other side is still travelling in air.

Incident ray .

Fig. 3.4

2.0  Objectives Refracted

By the end of this unit, students should be a[gre to

* explain the meaning of both refractive index arfdactometry;

» describe the basic concept of refractometry;

» calculate the exact refractive index of a substdrased on the given data; and
» explain the procedure for practical determinatibrefractive index.

3.0 Definition
Refractometry is a method which measures the tefeaimdex of a substance.

The refractive index measures the angle at whiggharay will be bent when passing
from one medium to another.
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3.1

3.2

Basic Concept of Refraction

Refraction is the change in the direction of pragisn of light waves as they cross the
interface between two media of differing densitM#en a ray of light passes from air
into a dense medium (such as liquid), it is berretracted towards the normal. The ratio
of the sine of the angle of incidence to the sihihat of refraction is constant and
characteristic of that medium. This constant ratias called the refractive index. The
refractive index, n, for a liquid or an isotropmlid is defined as the ratio of the phase
velocity of light in vacuum to that in another mah.

Vair Sin @qir

n= = —
Vmedium Sin Dmedium

Refractive index of a given substance is pracyadditermined by the use of

refractometer, which operates on the concept ottitieal angle. This is the angle of
incidence @nedium for which the angle of refractionpy) is exactly 98, The determination

of refractive index involves only the determinatwirthe two angles. These angles may be
measured quite accurately and thus n may be detedmwvith high degree of precision.

How to Calculate the Exact Refractive Index

The refractive index is an important physical pmpef inorganic liquids. The refractive
index for many organic liquids can be found in cieahreference books such &ise
Handbook of Chemistry and Physid$e literature values are referenced to the B dih
sodium lamp (589.3 nm) at 4D. Thus, a correction factor must be applied if the
refractive index (R is measured at temperatures, t, other thd6.20

This correction factor is :
n2® = ngps + 0.00045 (t — 20)

where Rpsis the observed refractive index from the refractter, ﬁOD is the correct
determined refractive index.

Example: A student measures the refractive indeanadrganic liquid. The value obtained
at 18C is 1.2821. What is the corrected refractive iftlex

Usingn3® = n,,s + 0.00045 (t — 20)
Dn%o = 1.2821 4 0.00045 (18 — 20)
= 1.2821 + (0.00045 x -2)

=1.2812
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3.3

3.4

How to Operate a Refractometer

The following procedures are used for determiniregrefractive index of a sample with
Abbe Refractometer:

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

2. Check the temperature reading by the thermometeetetd to the prism
housing.

3. Rotate the illuminating prism downwards and awayfryou. Wipe both the
prism surfaces gently with a fresh swab of cott@ohMdampened with acetone.
When the prism surfaces are cleaned and driedertita illuminating prism
upwards and towards you to restore the closediposit

4. Introduce a few drops of the sample into the ecedrole.

5. Rotate the prism until the boundary between ligitt dark fields appears in the
field of view. Adjust if necessary, the light soerar the mirror to obtain the
best illumination.

6.  Also rotate if necessary, the prisms to eliminhgedolour fringe and sharpen
the boundary.

7. Make any necessary fine adjustments to bring thedary between light and
dark fields into coincidence with the intersectarthe cross-hairs. Then turn
the lamp that illuminates the scale and note tihaevaf the refractive index of
the sample.

8. Clean the prism surfaces with a fresh swab of aottool moistened with
acetone and close the prism when clean and dry.

Application: Refractometer is essentially an analytical insent used to determine
the composition of binary mixtures or to determiine purity of compounds. Its most
common industrial application is in the food andfeationery industry where it is used
for the determination of the concentration of sugasyrup. In addition to these,
refractometry can be used to estimate moleculaght®i molecular sizes and shapes,
and to calculate properties such as reflectivity aptical dispersion.

Measuring the Refractive Index of a Substance

The sample of the unknown is obtained and recoagedrdingly. Put about four drops of
the liquid sample between the plates of the refraeter. Measure and record the
refractive index of the liquid. Record the room parature. If the temperature differs from
20°C, apply a correction factor to the refractive indRecord the corrected refractive
index. Then identify the unknown liquid by comparithe refractive index with the
standard.
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The refractive indices of some organic liquids sttewn below:

Organic liquid Refractive index ")
Acetonitrite 1.3442
Hexane 1.3751
1-propanol 1.3850
1-Butanol 1.3993
Cyclohexane 1.4266
Toluene 1.4961

4.0 Conclusion

Refractometry is a method of analysis which is basedetermining the refractive index
of a substance. The method is valuable in ascertathe purity of a substance.

5.0 Summary
In this unit, we have learnt that:

* Refractometry is a technique which measures thhaa®fe index of a substance.

* Refractive index determines the angle at whiclglatlray is bending when passing
from one medium to another

« A correction factor g?°= 0.00045 (t-20) is used to obtain the exact réifradndex
of a substance.

» The technique is applied in food and confectionedystry to determine the
concentration of sugar in syrup or other allieddorats.

6.0  Tutor Marked Assignment (TMA)

1. (a) What is meant by refraction and refractive ke
(b) A student measures the refractive index ofibsuspected to be of plant
origin. The value obtained is 1.3871 a@5Calculate the exact refractive index
of the oil.
2. (a) How does the impurity affect the refractivder of a substance?
(b) If two samples of organic liquids give the savakie of refractive index, are
the liquids similar? Explain.

7.0  Further reading/References

1. A.M. Schoftstall, B.A. Gaddis & M.L. Druelingé2000) —Microscale and
Miniscale Organic Chemistry laboratory Experiment.
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