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Introduction

Spectroscopy

The wuse of absorption, emission, or
scattering of electromagnetic radiation by
atoms, molecules or ions to study the

quantity, quality or physical processes of
them.



Spectroscopy

Interaction with radiation causes redirection
of radiation or transitions between energy
levels of atoms or molecules.
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Interaction
with light

(' Redirection )

( Scattering )

C Transitions )
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Absorption

When light absorbed, the structure of a molecule or
atom is excited to a higher energy level.
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Excited molecule or atom decay
to a lower energy level by !
emitting radiation. _
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Scattering

Redirection of light due to its interaction with matter

Due to vibrations in Due to vibrations in
photons of transparent molecules or optical
solids photons in solids



Electromagnetic Radiation

Light is electromagnetic radiation (EMR)
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Light as a wave phenomenon

Light as a stream of photons

/EMR N )

. - - EMR

ol;zﬁ;i?::: sinusoidal is made up of packets of energy
-Travel through a vacuum callcle‘d pho;ons °; quanta

. -a photon depends upon

«Has a wavelength J the frequency of radiation
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QUANTUM MECHANICS

Electromagnetic radiation

* Properties of waves:
= Wavelength (lambda-\)
* Frequency (v)

* Speed (equal to speed of light)
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Properties of Waves

Wavelength
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Amplitude Direction of wave
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Wauwvelength (M) is the distance between identical points on
successlve waves.

Amplitude is the vertical distance from the midline of a

wave to the peak or trough.
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Properties of Waves

< Wavelength ,-G\“

Frequency (v) is the number of waves that pass
through a particular point in 1 second (Hz = 1 cycle/s).

The speed (c¢) of the wave = L x v
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Maxwell (1873), proposed that visible light consists of
electromagnetic waves.

Magnetic field component

/

Electric field component

/

Electromagnetic
radiation is the emission
and transmission of
energy in the form of
electromagnetic waves.

Speed of light (¢) in vacuum = 3.00 x 108 m/s
= 3.00 x10°cm/s

All electromagnetic radiation
C=Axv -



A photon has a frequency of 6.0 x 104 Hz.
Convert this frequency into wavelength (nm).
Does this frequency fall in the visible region?

AXV=c N |Iﬁ‘? 1::}“ llr_:”
A=clv
A=3.00x 108 m/s / 6.0 x 104 Hz

A=5.0x103m |
A=5.0x 1012 nm T T

108 10 10°

Radio waves

FM radio. AM
VHE TV radio
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Energy (light) is emitted or absorbed in
discrete units (quantum).

E=hXv =hcd¢/A

Planck’s constant (h)
h=6.63 x 10-34 Jes

¢ = speed of light =2.998 x 103 m s-!
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When copper is bombarded with high-energy electrons,

X rays are emitted. Calculate the energy (in joules)
associated with the photons if the wavelength of the
X rays is 0.154 nm.

E=hxv E=hxc/A

E =6.63 x 1034 (Jes) x 3.00 x 10 8 (m/s) /
0.154 x 10° (m)

E=129x10-15J
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Electromagnetic Spectrum

N

A continuum of all electromagnetic waves arranged according
to frequency and wavelength.

10-° 10! 10 103 10° 107 107 10!! 1013
Wavelength (nm) 1 1 1 L 1 1 1 I

10°" 108 1o'e 1o+ 102 1o 10% 10° 104
Frequency (Hz) 1 1 1 I I 1 1 | |

o
Gamma X rays Ultra- E‘ Infrared Microwave Radio waves

rays violet =

I'vpe of radiation | 1 1 I I 1 1 1 |

Sun lamps Heat Microwave ovens.
lamps police radar,
satellite stations telephonsgs
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VHE TV radio
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The Electromagnetic Spectrum
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§pectral bands of incoming solar energy and atmospheric effects

Band Hz Wavelength (nm) Type of transition
Gamma | ;020 1024 <1pm Nuclear
ray
X-Ray 1017-1020 1 nm -1 pm Inner electron
Ultraviol 1015-1017 400 nm-1 nm Outer electron
et, UV

Visible | 4-7.5x1014 | 750 nm —400 nm | Outer electron
. near- 1x104-4x10% | 2.5 m — 750 nm O.uter. electron molecular
infrared vibrations
};frared, 1013-1014 25m-25m Molecular vibrations
microwav 3x1011-1013 1 mm-25 m M?lec!llar rotations, electron
es spin flips
radio < 3x101 >1 mm Nuclear spin flips

waves
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Absorption and Emission of Electromagnetic radiations

The structure of the atoms and molecules cause
some wavelength to be absorbed and some to be
reflected

Atoms at room temperature are usually in their
lowest electronic energy state known as the
ground state
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Electrons atoms can move fromone / " 2w
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energy

2. There are vacant higher energy levels
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Energy Transition

E:O = Eelectronic + Erotational + Evibrational

3 Vibrational
S, : Energy States
A +hv — A* .
(i
ne S
Only the absorption of radiationin ' 'ZJ0 bt

the visible and ultra-violet region of
the electromagnetic spectrum can
cause EelectroniC°

Eelectronic —

| | I

Unstable vibrational
Relaxes within 10-6-10-%s /
A*> A+hv (Hoy/and EMR) s io0r— }EHQ?EE.“EE?LE
o .

Ground State
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Excited state atoms obtained by
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) Absorption spectrum
v
A
A
A plot of the amount of

radiation absorbed by a
sample versus the
wavelength of the
radiation

Transmission spectrum

Or
%T

A

a continuous spectrum except
that it is upside down relative
to the absorption spectrum.

110.0
99%T —=

— 550 Transmission Spectrum of Photo-BCE,
’ cured under N, on Si0, Passivated Glass

0.0
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Emission A E,
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Absorption Emission AN DY

E

A

Excited atoms generated by the use of
thermal or electrical energy return to the
ground state because the ground state is
the lowest energy state

Emission spectrum EEad : ? T T R TR T TS
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Emission

advantage of emission spectra

& give quantitative results

& can be used for the identification of
elements based on the peak wavelength
which is unique for each element.
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_ e Measurement of
atomic atoms in the UV-
spectroscopy visible region

” * Measurement of
UV-visible molecules in the UV-

spectrophotometry RV oISNe=Y:Te}s
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(a) Na vapor

1 [ | [ I

588 589 590
(b) Benzene vapor

Absorbance
-

{c) Benzene in hexane

(d) Biphenyl in hexane

I | I

220 260 300 340

Wavelength, nm

2007 Thomson Higher Education
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Atomic spectroscopy

UV-VIS spectrophotometry

Atoms must be in free gas
phase in the ground state.

Absorption spectrum formed 1s
a line spectrum. .

Sources of radiation
spectral line sources.

arc

Highly limited, only elements
(metals) can be analysed.

Wavelengths of measurements
are known and can be simply
looked up 1n books.

Samples are usually in solution

Absorption spectrum formed 1s
a continuous spectrum.

Sources of radiation emit all
the wavelengths in the given
region

Large numbers of molecules
and complex 1ons can be
analysed.

Need to sometimes scan the
absorption spectral in order
to obtain wavelength for
maximum absorption.

U=




How compounds absorb ultraviolet (UV) or visible light?

We can describe how the light 1s absorbed by either the
transmittance or the absorbance:

T=I/I, %T=Tx100 -')

A=-logT =-logl/l

I, 1s the incident radiant power or intensity
I is the radient intensity that remains
b is the path length
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THE BEER-LAMBERT LAW

» For a light absorbing medium, the light intensity falls
exponentially with sample depth.

> T = transmittance.

cuvette

I, |
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20

Sample depth
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THE BEER-LAMBERT LAW

» For a light absorbing medium, the light intensity falls
exponentially with increasing sample concentration.

L(i)

light intensity (l)

(i)

@ (i) Sample concentration



THE BEER-LAMBERT LAW
A=¢g,cb A=-log,, T

» The negative logarithm of 77is called the absorbance (A)
and this is directly proportional to sample depth (called
pathlength, /) and sample concentration (¢).

» The equation is called the Beer-Lambert law.

f0 + 18 -
A 14 4 s
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concentration (M) concentration (M)

The Beer-Lambert law is more useful because the relationship
between absorbance and concentration is linear.



THE BEER-LAMBERT LAW

A plot of A versus c is called a Beer-Lambert plot.

M is called the molar absorp A=¢g A Cb ent and has units of dm?® mol-
1 Cm"‘1

b is the path length of the cuvette in which the sample is contained
(in cm)

In the UV-VIS region, the maximum value of !I| observed is ~10> dm?3
mol-!' cm-!, which is found in many natural pigments (e.g.chlorophyll)
and in sunscreens.

0.5
"1 e,.,~45,000

0.3

0.2

Absorbance

0.1 1

200 250 300 350 400
Wavelength/nm
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THE BEER-LAMBERT LAW

Parsol 340 (10 M in MEOH)
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HIGHLY ‘CONJUGATED’
MOLECULES ARE COLOURED

Y=o
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Limitations of the Beer Lambert Law

1. At ¢, the linear relationship between
A and c does not hold good.

2. Absorbtivity depends on the refractive index
of the medium which is a function of concentration.
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Non-linearity of Beer-Lambert’ s law Beer’ s

law is linear in most cases, except:

& at high concentrations

& if there is scattering of light due to
particulates in the sample

@ift
@ift

ne sample fluoresces or phosphoresces
ne radiation is not monochromatic

& if t]

nere is stray light
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Concentration Effects

High concentration results in non-linearity because:

& Strong electrostatic interactions between molecules
@Might cause changes in refractive index

@Ina s?;stem in chemical equilibrium, equilibrium may
shift at high concentrations

T

Concentration .



Instrumentation

(5)
(1) : ) =
(2) (3) Sample ) Umﬂ
» | Wavelength | | > Detec o >
selector
S o ® o
OUree Optical Filters Photo tubes _
Monochromators PMT’ s Signal processor
Interferometers Silicon photodiodes  and readout
Continious
Or Sample holder

Discontinuous cuvette
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Source

¢

‘ Continuous sources ‘

1

Produce spectra over broad
band

Tungsten Lamp

y

Discontinuous (discrete)

sources

Produce only specific
wavelengths

nitifig

AsherScie

A Hollow cathode lamp




Sample Holder

Receptacle for Sample.
Material
 Quartz, Fused Silica (Using over 190nm)
- Glass (Using Over Visible Region)

Cylindrical
s o g
Open-top Sroppered Swoppered
normal sith lid morrmial SEmimicro
w

Tall micro Minimum height Sampling Demountable 45
micro | JE=1tY



1.

CLASS PROBLEMS

In a UV-VIS study of commercial alcoholic drinks, it was
found that an alcopop sample had an absorbance of 0.21 at
its ® .. (630 nm) in a 1 cm cuvette. Given that the molar
absorption coefficient of the dye is 50,000 dm? mol"! cm',

what is the dye concentration and what colour is the dye
likely to be?
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A=¢,cb

A= 021 b=1ecm M =50,000dm3 mollcm? \eiengt, mm

390

455
4932

0.21
50,000 dm? mol! carTx 1 cor™

c= 4.2x10°% mol dm-3

577
597

—_—
F80

® .. (630 nm) is Red
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Color Wavelength (nm) | Frequency (THz)
Red 780 - 622 384 - 482
Orange 622 - 597 482 - 503
Yellow 597 - 577 503 - 520
Green 577 - 492 520 - 610
Blue 492 - 455 610 - 659
Violet 455 - 390 659 - 769
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Quantitative Analysis

A<l1
—IfA>1:
* Dilute the sample
* Use a narrower cuvette

— (cuvettes are usually 1 mm, 1 cm or 10 cm)

Plot the data (A v C) to produce a calibration ‘curve’
Obtain equation of straight line (y=mx) from line of ‘best fit’
Use equation to calculate the concentration of the unknown(s)



Quant

itative Analysis

MNIWI VUl Ive ‘ 1IN ulllw,

Calibration curve showing absorbance as
a function of metal concentration

1.2

1 |y =0.9982x
0.8 R? = 0.9996
0.6 -

0.4 0.6 0.8 1

Concentration (mg L")

1.2




