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Instrumental Analysis

Fundamentals of Spectrophotometry



Objectives

 Fundamentals of Spectrophotometry

o Properties of light

0 Regions of the electromagnetic spectrum
0 Absorption of light

 What happens when molecules absorb light?
o Electronic energy states

o Vibrational and rotational energy states
® Beer’s Law

® Limitations and Deviations from Beer’s Law.
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Mixtures solutions
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Light waves can be characterized By: 73
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Wavelength (D) Greek lambda);

Distance from one wave peak

to the next.
Units: m, cm, um, nm or A

— ="~ Frequenc {0) Greek nu):
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Number of waves per cm.
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Wave Calculation

The wavelength of a laser pointer is reported
to be 663 nm. What is the frequency of this
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light? o
T A

A =663 nmx
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A
10°m

nm

3.00x10°m/s

6.63x107"'m

=6.63x10"'m

=4.52%x10"s™



Calculate the wavelength of light, in nm,

of light with a frequency of 3.52 x 1014
s-1.
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> Electromagnetic radiation consists of discrete packets of

energy, which we call[photonsls 524 =7 d&

> Photons are the particles of light or the quanta of light.
> Each photon carries the energy, E (Joule).
E =g~ Fall

where h is thq Planck’s constant (=6.626x10-34 J.s)

> The all characteristics of light can be related as follows:
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E=hv=h—=hcv focV
A £ ot -
@ The greater the energy, the higher the frequency and A
wavenumber and the/shorter)the wavelength deyw
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| The particle nature can explain phenomena like\ absorption and
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Planck’s Equation: The relationship
between frequency [ of light and energy E,

A E=hi
—h = Planck’s constant = 6.6 x 10-27 cm2.g.
s-1=6.6 X 10-34 joule.sec
—_—

In vacuum, velocity of light = c = ] = 3 X
1010cm/s which gives, [] = ¢/L]

~ @ ~—

E = h(c/lJ) = hcll (where, T = 1/0] =
wavenumber)
— Energy directly proportional to wavenumber




Calculate the energy (in joules) of a photon
with a wavelength of 700.0 nm

107 m

A =700.0 nmx =7.00x10""m ’\
nm
~ 3.00x10°m/s

v = —— =4.29%10"s™
7.00x10"" ' m

E =(6.63x107*J-5)(4.29%x10"s™)

E=284x10"J J
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Regions of electromagnetic radiation
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Regions of electromagnetic radiation
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Absorption of light

A molecule that absorbs light photons will M&%‘Eﬁw&y
The molecule will be promoted to an excited state. M

will cause rotation of is high enough t0 romote
Vibvalien of compoundéIR energy is g

<B M‘L- /Nis energy promotes electrons into higher orbitals.
Short-A UV and X-rays can ionize molecules or even break
T i Excited states
>
0
~
(0}
=
w
AE (molecule) = E (photon) gl
\ )
absorbed light is quantized GfOUﬂd state > cstu:
Absorption  Emission e e
Most excited mole: relax again to the ground state emitting
the excess energy in the form of heat.
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5 Ultraviolet-Visible Spectrophotome!
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(o) = + Whena molecule absorbs light having sufficient energy (e.g. UV-Vis
Q \,\a\ ; \_a\,‘« < radiation) to cause an electronic transitions, (additional vibration
and rotation transitions also occur)
. Molecule can absorb one photon of just the right energy to cause
the following simultaneous changes:
E,
v vibrational levels
Vi
3 f2 i
E E, oV, rotational levels Band
N [ Spectrum
E Pure electronic —1 5
transition A
R
Vv
G 2 AE = hy
Y| E Vi
— -fz
0 Th V, N

electronic leVelsspectrum .



1. Atransition from the ground electronic state E, to the E, excited
electronic state

2. Achange in the vibrational eneray from the ground vibrational state
of E, to an excited vibrational state of E,

3. A transition from one rotational state of E, to a different rotational

state of E,
4. All the above transitions are quantized which means that they
required certain exact amount of energy
nak Naae,

5. Thus, total energy absorbed = Eg .+ E,p + E o |
(Y]
AEalac 22> AEvlb >> AErot - S
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velaled vtk

~Naves .

As a result, a large numbers of photons
of certain wavelengths are absorbed by
a molecule. These individual
wavelengths are too numerous and too
close to each other and a spectrum of
broad bands of absorbed wavelengths

are obtained

1 I
4000  S00 600 ' 7(')0
Wavelength (nm)
Spectrum (a graph that shows
how absorbance varies with

01 u a[ (‘\'l |"r( vi wavelength) 1




Transmittance and Absorbance T=0.7,%T=70%, A=0.155
: %

anitl LS 106 photons 0.7x106 photons

Light eaelendih Po P Light Computer, meter, or
source Seieclol ] Aol detector chart to display results
M (monochromator) B

500 nm
<— D —>

There are two quantities that relate the change in the intensity or radiant
power of EMR before, PO , and after, P, interaction with matter.

1. Transmittance, T, is simply defined as ‘““the fraction of light

that reaches a detector after passing through a sample”
Ly ?

(Rua‘i)’?? f/\'?
T — @2 o 0<T<d

The percent transmittance, %T, is s1mply 100 T

OA)T=£X100 0<%T<100

P -

unif-| 25
2. (Absorbance) defined as: P P
_ \Da‘v—\j-_» V\ol [ ] E [ ] =
A= 1 1lonoc T Pureenf~ A =T 1lno Al=lno ( ) P




%(‘)A{'alyurpose of chemical analysis

Absorbance is directly proportional to:

concentration, ¢, of absorbing species in the sample (A /[ ¢)

path length of light, b, through the sample (Al !/ | b)

—\ p \’\/\"C\d\ﬂ(
LCMQ N\ e
Beer’s law A= O/ co
Z‘//o\ .

y ,
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The previous equation is the heart of spectrophotometry as applied to analytical

chemistry, it is called Beer-Lambert law or simply Beer’s law

O, caliblofion Y=mx<z}
@ beds Jaw A = Molo/ obsolWion % by ¢



1- Concentration of the analyte is given in unit mol/L (M)
2-The path length, b, in cm

3-L1, is called the molar absorptivity or molar absorption coefficient

“Absorbance of 1 M solution measured in a cell of 1 cm path length”

A 1 1 - 1 -
@= - =Lmol !em™' {Mlem 9
bec mol
L S
S\ZE Y (e

[] , is characteristic for each substance at a particular wavelength, 1.




A= |be¢

certain [ | )a T=10-A =10- [ /bc

<‘ (8)

3 constant b %

= £05 ¢

E One analyte £

o

2 STope = [ /b c

< g

- \

Vo o(\k
—_— T ——

~ .
W oncentration

Transmittance decreases

Beer’s law is a relation between . .
exponentially as concentration

absorbance and concentration which is a ;
increases

straight line passes by origin at constant
pathlength, b, and at certain wavelength
L1,

Solution with T = 50%

\»

Beer’s law is obeyed for PO =100%

o
monochromatic light 0% 25% 12.5

not zero
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Beer-Lambert’s law proves a direct correlation between the absorbance (A)

of a molecule to the concentration (c¢) and the path length (b).

=~ A
Derivation of Beer Lambert Law.> i‘) ;{i -J ez

This relationship is a linear for the most part. However, under certain circumstances the B

relationship gives a non-linear relationship.

v &)
These deviations from the Beer Lambert law can be classified into three categories:

-

@eal Deviations - These are fundamental deviations due to the limitations
oL l, / [ IV PSR

LY

of the law itself. /\{;JI
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- M
@nstrument Deviations - These are deviations which occur due to how the absorbance
measurements are made.\D M°n°df\(cv\'\afar
9l

X

(themical Deviations- These are deviations observed due to specif:( \,1—‘0-0' (e W A%

chemical species of the sample which is being analyzed.
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1- Real Deviation

Beer law and Lambert law is capable of describing absorption behavior of solutions

containing relatively low amounts of solutes dissolved in it (<0.01 M or 10 mM).

When the concentration of the analyte in the solution is high (>0.01 M or 10 mM),

the analyte begins to behave differently due to interactions with the solvent and other

solute molecules and at times even due to ﬁydrogen bonding interactig& \

[It is also possible that the concentration is so high, that the molecules create a screen

for other molecules thereby shadowing them from the incident light.



2- Chemical Deviations

Chemical deviations occur due to chemical oH

-
o

L

O

phenomenon involving the analyte molecules due to

association, dissociation and interaction with the

|\
-

(o) \_,\:\V_/
(@]
I

solvent to produce a product with different absorption
Yellow

characteristics. ) | Acid Form

For example, phenol red undergoes a resonance

transformation when moving from the form

(yellow) to the basic forn@ Due to this resonance,

the electron distribution of the bonds of molecule

7
Absorbance \

changes with the pH of the solvent in which it is

dissolved. -

Wavelength (nm)



3- Instrumental Deviations

A] Due to Polychromatic Radiation

Beer-Lambert law is strictly followed when a monochromatic source of radiation exists.

In practice, however, it is common to use a polychromatic source of radiation with

continuous distribution of wavelengths along with a monochromators to create a

o o '\ .
monochromatic beam from this source. WA;J' o AP ¥

.Wl—gw = mehy

B] Due to Presence of Stray Radiation

Stray radiation or scattered radiation is defined as radiation from the instrument

that is outside the selected wavelength band selected. Usually, this radiation is due

to reflection and scattering by the surfaces of lenses, mirrors, gratings, filters and
windows. If the analyte absorbs at the wavelength of the stray radiation, a
deviation from Beer-Lambert law is observed similar to the deviation due to

polychromatic radiation.
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C] Due to Mismatched Cells or Cuvettes

If the cells holding the analyte and the blank solutions are having different

path-lengths, or unequal optical characteristics, it is obvious that there would

be a deviation observed in Beer-Lambert law.
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Absorbance

Concentration

Deviations from Beer’s Law



