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A DEVELOPMENT OF MULTIMEDIA COMPUTER ASSISTED
INSTRUCTION ON CHEMICAL ANALYSIS BY ATOMIC
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The purposes of this Master’s Project were to a development of
multimedia computer assisted instruction on chemical analysis by atomic
absorption spectrometer for graduate students in the petroleum and
petrochemical college, chulalongkorn university . By testing the
efficiency of the computer assisted instruction lesson based on the

criterion 90/ 90

The sample, 33 students, was grouped by stratified sitmples random
sampling method from international graduate students in the petroleum
and petrochemical college, chulalongkorn university.

In the study, there were ten steps as followed:

. choose the lesson which use to development.
collect the data and analyze the lesson 1nto small subject.
indicate the purpose of lesson.
. design the post test and exercise.
write story board.
. design multimedia computer assisted instruction lesson program.
. create multimedia computer assisted instruction lesson program.
. check lesson and media by experts.
. test the efficiency of multimedia computer assisted instruction lesson

program. |
10.analyze the data and present efficiency result measurement.

O 00 N W~

The efficiency result of multimedia computer assisted instruction
on chemical analysis by atomic absorption spectrometer. Based on the
criterion 90 / 90 but this lesson is not on the criterion. It is 80.83 / 82.55
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Basic Principles

1. Which one of the following 1s a characteristic of a particular radiation?
a) frequency
b) velocity of radiation
c) range of radiation
d) interaction with matter

2. Interaction of UV-VIS radiation with matter involves?
a) a proton
b) a neutron
c) an outer electron
d) an inner shell electron

3. Resonance transition of UV-VIS radiation with atoms 18 ?

a) aline spectrum of the transition between the ground state (n=0) and
upper excited state

b) a line spectrum of the transition between the first excited state (n=1)
and any excited state

c) a continuous spectrum of transition between the ground state (n=0)
and excited state

d) a molecular spectrum of transition between the ground and excited
states

4. Why is atomic absorption a very useful spectrochemical analyticaltool?
a) 1t 1s an easy to mstrument to use
b) 1t is not an expensive technique
c) absorption of atoms 1s a unique charactenstic for specific elements
d) all answers to a),b) and ¢) are correct
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Atomization

1. In which phase do atoms exist for atomic absorption?
a) vapor phase
b) hquid phase
c) solid phase
d) any phase

2. What type of atomizer is used most to generate atoms for atomic
absorption?
a) flame
b) plasma
¢) furnace
d) all answers to a),b) and ¢) are correct

3. What type of flame is used to atomize easily 1onizable elements alkal
metal for atomic absorption?
a) air-acetylene
b) air-propane
¢) nitrous oxide-acetylene y
d) air-nitrous oxide

4. How does low temperature affect the formation of atoms in a flame?
a) 1t decreases atom formation

b) it forms compounds of low volatility
c) it decreases the 1onization of atoms

d) all answers to a),b) and ¢) are correct

5. How does high temperature affect the formation of atoms in a flame?
a) 1t increases the 1omization of easily 1onizable atoms
b) it increases the dissociation of compounds of low volatility
c) itincreases atom formation for refractory elements
d) all answers to a),b) and c¢) are correct



6. Which reaction in a flame is desirable?
a) 1onization of atoms
b) formation of molecular species
¢) association/dissociation of atoms and other species
d) none of above

7. How 1s the 1onization of atoms in a flame overcome?
a) change the flame condition
b) add easier 10nizable species than analyte
c) both a) and b) are correct
d) both a) and b) are wrong

Components of the Atomic Absorption System

1. Which type of light 1s required for atomic absorption?
a) hollow cathode lamp
b) continuous hight source
c) discrete line source such as eletrodeless discharge lamp
d) both b) and ¢) are correct

2. Which one of the following 1s a function of the atomizer?
a) remove large droplets
b) nebulization to produce fine droplets of solution
c) conversion of a sample solution into atomic vapor
d) all answers to a),b) and ¢) are correct

3. What 1s the function of a monochromator?
a) to remove argon lines
b) to discriminate between nonresonance lines
¢) to focus analyte resonance line on a detector
d) all answers to a),b) and c) are correct
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Operation

1. Which one of the following 1s wrong for the optimization of a lamp for
atomic absorption measurements?
a) the intensity of emitted hight source increases with lamp power
b) a loss of calibration linearity when operating at very high currents
c) operate a hollow cathode lamp at currents as high as possible to get

the highest possible signal intensity
d) the absorbance decreases as the current of a lamp increases due to

line broadening eftfects

2 Which of the following 1s a disadvantage when operating a lamp at low
current? |
a) 1mproved linearity
b) improved sensitivity
c) prolonged life-time of a lamp
d) signal instability and poor precision

3.Why 1s the fuel to oxidant ratio important for optimization?

a) for correct flame temperature
b) to reduce of atom formation in a flame

c) for the formation of molecular species in a flame
d) for a concentration profile of analyte atom formation in a flame

Atomic Absorption for Chemical Analysis

What cause a calibration curve of a plot of absorbance against
concentration to deviate?

a) a spectral band overlap

b) concentrations are too high

C) operating a lamp at very high current

d) all answers to a),b) and c) are correct
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Post Test
1. What range of electromagnetic radiation is used in atomic absorption of
outer most electron ?
a) X-ray
b) ultraviolet
C) microwave
d) near infrared

2. Most absorption transition lines in atomic spectroscopy is ?
a) absorption band of the element
b) any transition lines of the element
c) any absorption lines of the element
d) resonance line of absorption (or emission) of the element

3. What does it make atomic absorption useful for spectrochemical
analysis ?
a) Beer’s Law
b) availability of hollow cathode lamp
c) availability of desirable flame temperature
d) all answers to a),b) and ¢) are cotrect

4. What type of atomizer 1s easy to perform analysis by atomic absorption ?
a) flame
b) plasma
c) furnace
d) all answers to a),b) and c) are correct
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5. When should nitrous oxide/acetylene flame be used ?
a) to a analyze alkali metals
b) when a 10 cm. burner slot 1s used
c) when analyze refractory elements
d) it can be used with all elements which can be analyzed by flame

atomic absorption

6. What 1s an advantage of using a low temperature tlame 7
a) to save fuel
b) to decrease the 1onization of an atom
¢) to decrease atom formation
d) to reduce the formation of compounds of low volatility

7.Which one of the following is underirable for use ina high temperature
flame?
a) Increase 1onization of easily tomzable atoms
b) Increase atom formation for refractory elements
¢) Increase dissociation of compound of low volatility
d) All answers a), b) and ¢) are correct

8. Which one 1s not a function of a monochromator
a) removal of argon lines
b) discrimination of nonresonace lines
c) focus of analyte resonance line to a detector
d) amplify spectral of the analyte before reaching a detector

9. Which one of the following 1s a disadvantage for operating at high
current ?
a) 1mproved sensitivity
b) better signal to noise ratio
¢) prolonged life of a lamp
d) signal instability and poor precision



10. What does it make quantitive analysis of elements possible ?
a) beer’s law
b) absorption is a function of wavelength of element
c) calibration curve
d) all answers a), b) and ¢) are correct
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Multimedia Computer Assisted Instruction on Chemical Analysis by

Storyboard

Atomic Absorption Spectrometer

No Picture

Sound

1 The Petroleum and
Petrochemical College

Music

2 Atomic Absorption
Spectrometer

Atomic Absorption Spectrometer

3 | Objectives

The objectives of this program :
L.”"To understand the nature of
electromagnetic radiation, the

spectroscopy of an atom and its light

absorption
2. To understand the use of atomic
absorption for chemical analysis
3. To understand the components for

atomic absorption measurement
optimization

I 4 | Main Menu

The topics of this program are:

1. Basic Principles

2. Atomization

3. Components of Atomic Absorption
System

4. Operation

5. Atomic Absorption for Chemical
Analysis

J
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| No Picture Sound
5 | The nature of Lets begin with the nature of
electromagnetic electromagnetic radiation. A beam of
radiation (Photon) radiation may be regarded as an
electromagnetic waveform disturbance or

photon of energy and at the same time has
properties of waves extending over a
broad area of space. It travels 1n a vacuum

at the velocity of light, ¢ , and wavelength,
1.

6 | Graphic of photon and | When a photon passes a particular of
| Textof v,E,handc | space the electric field in that region

oscillates with a  frequency (V).
| Wavelength and frequency are related to
the energy of the photon, E, by Planck’s
constant (h). Only frequency is truly
characteristic ‘of a particular radiation. |
When the light of a particular wavelength
enters matter its velocity decreases owing
to interactions between the electric vector
and ‘the bound electrons of the medium,
but 1ts frequency remains constant. For
example, for photons in the ultraviolet to
visible region, the velocity of radiation, in
air, 1S within 0.1 percent of the velocity in
a vacuum.
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7 | Graphic of lines
I | spectrum

The interaction of matter and radiation takes
place throughout the entire electromagnetic
spectrum. The chemical and physical effects
of various types of radiation are quite
different, and these differences can be

understood 1 terms of the differing
frequencies or energies of the photon.

8 | Graphic of only the
radiation 1n uv-vis
range

Radiation 1n the ultraviolet to visible range
will be emphasized 1n this lecture. The
interaction of the uv-vis radiation with matter
causes a change 1n the transition energies
involving the electron energy of atoms or
molecules. These changes in electromagnetic

energy mvolve the most loosely held or so-
called outer electrons.

9 | Potential Energy
Diagram

This diagram shows the atomic energy levels
and electronic transitions of Li developed by
Grotrian. The diagram permits the
representation of spectral terms and
transitions. The vertical axis represents an
energy and the energy levels, or terms, are
shown as horizontal lines. Absorption
spectral lines result from transitions from
lower-energy levels to higher levels and vice
versa for emission spectral lines. The vertical
distance representing a transition is a measure
of the energy of that transition.
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A Change of transition energy between the

transition or AE 1s large which result in
absorption (or emission) line which shorter
wavelength and narrow spacing give the
spectrum at longer wavelength. And
transitions ivolving the ground state give

spectral lines called resonance lines (AR).
The resonance lines are often the most

' sensitive and important for spectrochemical

analysis_

11

This figure shows
Grotrain energy
diagram of lithium and
sodium

The electron energy, or the potential
energy, of ‘an atom depends on its electronic
configuration and the transition of outer
electrons between fixed energy levels to
absorb radiation at discrete energies.

For example, the electronic configuration
of Sodium (Na). Sodium has 11 electrons and
its electronic configuration is 1s° 2s* 2p°
3s'.The filling of all electrons in each
suborbital (of each principal quantum

| number) 1s as follows: 2 electrons occupies
| the subshell s-orbital 1n the first principal

| quantum number , n=1. Electrons then start

filling the next energy level having the
second principal quantum number, n=2,
which consists the maximum of the 2

| electron 1n the s-orbital and another 6
' electrons in p-orbitals. Finally, the last

electron adds to the s-orbital of the outer
principal quantum number, n=3. Another
example 1s L1. Its electronic configuration is
1s* 2s'. Lithium has an outer principal
quantum number n of 2, and the outer
electron 1s in the s-orbital. Both sodium and
lithium have one outer electron is an
s-orbital, but at different energy levels,
Theretfore, these two outer electrons give
different absorption transitions energies.
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(or emut) at their own specific (resonance)

| wavelengths. Absorption (emission) line

width 1s generally narrower than a tenth of a

: No Picture
12 | Text of “Wavelengths | Absorption (or emission) spectrum is
of lines” characteristic of atoms which absorbs
l | nanometer.
I 13 | Text of “Atomic

Absorption Process”

The absorption process 1nvolves the transition
of atoms from lower to higher states. When
radiation passes through an atomic vapor,
most atoms are already 1n the ground state.
Atomic vapor at ground state partially
absorbs radiation at a specific wavelength
precisely at the emission (resonance) lines.
The transitions of absorption energy
correspond precisely to the energies required
to raise the atom from lower to a higher state.

Text of “Peniodic
Table”

There are seventy elements in the periodic
table that can be determined by atomic
absorption from which their resonance lines
are found 1in the ultraviolet to visible region.

15

L

Question for Basic
Principle

1. Which one of the following is a
characteristic of a particular radiation?
a) frequency
b) velocity of radiation
c) range of radiation
d) interaction with matter
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16

17

(Question tor Basic
Principle

l

2. Interaction of uv-vis radiation with matter
involves?
a) a proton
b) a neutron
c) an outer electron
d) an iner shell electron

Question for Basic
Principle

3. Resonance transition of uv-vis radiation
with atoms 1s ?

a) a line spectrum of the transition
between the ground state (n=0) and
upper excited state

b) a line spectrum of the transition
between the first excited state (n=1)
and any excited state

C) a continuous spectrum of transitions
between the ground state (n=0) and
excited state

d) a molecular spectrum of transitions
between the ground and excited states

'18

|

Question for Basic
Principle

4. Why 1s atomic absorption a very useful
spectrochemical analyticaltool?
a) it 1s an easy to mstrument to use
b) it 1s not an expensive technigue
c) absorption of atoms is a unique
characteristic for specific elements
d) all answers to a),b) and ¢) are correct
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19 | Text of “Atomization | Generation of atomic vapor 1s necessary in
(Atom Generation)” the atomic absorption process. It can be done

by using high temperature flame, furnace,
spark, plasma, or electrical arc and spark.

| Most atomic absorption measurements are

| made by flame atomization of samples in

| solution. So, the flame technique will be

' emphasized in this presentation.

20 | Graphic of atomization | Flame temperature has a strong influence on
process the atomization process. This is because
hotter flames are required to vaporize certain

salts and decompose some compounds.

used 1n atomic i absorption. One: an air-propane flame, two:
absorption” an air-acetylene flame, and three: a nitrous
oxtde acetylene flame. Flame temperatures of

various oxidants and fuels used are in the
range of 1800 -3000" C.

22 | Graphic of air-propane | The air-propane flame gives temperatures of
flame around 1800 C. It is used to atomize easy- |
| atormzable elements such as the alkali metals.

l L —
21 | Text of “Type of tflame | Three types of flame are used in flame atomic

| — —
23 Graphic of air- | The air-acetylene flame yields temperatures I
|

acetylene flame of around 2300 C. More than 30 elements
l can be atomized at this temperature.
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24 | Graphic of Nitrous The nitrous oxide-acetylene flame gives the

oxide-acetylene flame | highest temperatures of around 3000° C. It is
| required to atomize refractory elements and
decompose oxides of elements such as
aluminium, silicon, and titanium.

25 | Text “Influence of Different types of flame influence the flame
Flame of Different temperature and thus atomization. Different
Oxidant to Fuel Ratio | oxidant to fuel ratio has an influence as well.

26 | Text of “Ditferent High fuel or, “fuel rich”, means a condition at
Oxidant to Fuel Ratio” | which the flame is chemically reducing.

Low tuel, or a “lean flame” means oxidizing

25 | Textof condition. Changing the flame oxidant ratio
an has ettect on the fuel rich or lean flame,
size of flame, and the location where the atom
1s formed in the flame.

Next, lets consider the atomization of samples
26 | Graphic of conversion | in a flame
of sample solution to | Samples for atomization are mostly prepared
atomic vapor 1n aqueous solution, which contains tonic
species of salts such as M™, X', H', where M*
1s the analyte specie in the form of a salt MX.

277 | Graphic of atomization | Conversion processes of a sample solution to
processes generate atomic vapor consists of 4 steps:

1) Nebulization 2)Evaporation
3)Vaporization and 4)Atomization
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28 | Text of “Atomization | “Nebulization” is a process in which a fine

processes’”’ mist of a sample solution is generated. It
takes place 1n the nebulizer 1nside a spray
chamber. Whilst being transported inside the
spray chamber, to the flame, the fine mst
mixes with oxidant and fuel gases. Droplet
sizes of aerosol are reduced by impact with
the “spoiler” inside the chamber, collision
with each other, and also by solvent
evaporation. Sohid salts (MX5)) may also be
| obtained during the transport process.
| Aerosols also form large droplets on collision
' and go to drain. The mixture of solid salts
| then enter the flame region where the sample
undergoes evaporation of solvent,
vapornzation(MX ) and finally atomization

(M(y). The production of neutral free atoms
finally forms.

| 29 | Graphic of atomization | Atomic vapor of analyte and other species

processes step diagram | which occur in a flame can undergo gas phase
reactions and are in equilibria. Most analyte
free atoms at ground state is required for
atomic absorption. Other products formed by
reactions of gaseous species in a flame such
as the formation of molecular compounds,
oxides or 1onized atoms will reduce the
number of analyte free atoms. These
unwanted products must be eliminated by
controlling the temperature of the flame.




73

[ No |

Picture

Sound |

30

Text of “Formation of
compound of low
volatility”

volatile compounds and thus reduce the

| the presence of sulfates or phosphates

When the flame temperature 1s low. The
presence of some anions can form low

number of analyte free atoms. For example,

decrease the atomic absorption of calcium 1n
the air-acetylene flame. Similarly, cations
can also form heat-stable compounds. An
example 1s the decrease in atomic absorption
of calcium in the presence ot aluminium.

31

Graphic of anion
compound

The presence of compounds of low volatility
can often be eliminated by the use of higher

flame temperatures. |
Alternatively, the addition of releasing agent |
to release analyte atoms can be used. An
example 1s the addition of strontium to

prevent phosphate formation in the
determination of calcium.

32

Text of “Association /
Dissociation
equilibrium”

Atomic vapor can under go association and
dissociation equilibria reactions with oxygen
hydroxide and hydride species in a flame to
form metal oxides and hydroxides. These
spectes can produce molecular absorption (or
emission) bands. Higher temperatures of
nitrous oxide-acetylene flame can be used to
reduce these molecular species.
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33

Text of “lonization 1n
flames”

Higher temperature flames can also cause
1onization of atoms which are important, and
there are a lot of free electrons existing in the
equilibrium. As a consequence, a number of
atomic population at ground state are
reduced.

34

Graphic of conversion
of the atoms

Elimination of ionization 1s frequently done
by the addition of easily 10n1zable elements
(suppressing agent) to provide relatively high
electron concentration in order to shift the
reaction equilibria in a flame. This increases
the number of analyte atoms.

An example of an 1onization suppressor is
potassium

35

36

Summary

In summary, atomization consists of the
introduction of sample solution, emission of a
fine aerosol by nebulization, evaporation of
solvent, vaporation of solid salt, and
atomization of the vaporized salt. Finally,
free analyte atoms are obtain. Other processes
taking place besides the main processes, such
as association/dissociation or ionzation, will
reduce the number of free analyte atoms.
Thus, these side reaction processes must be
eliminated 1n order to obtian maximum
analyte atoms.

Questions for
Atomization

1. In which phase do atoms exist for atomic
absorption?
a) vapor phase
b) liquud phase
c) solid phase
d) any phase
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37

Questions for
Atomization

| 2. What type of atomizer 1s used most to

generate atoms for atomic absorption?
a) ftlame

b) plasma

¢) furnace

d) all answers to a),b) and c) are correct

Questions for
Atomization

3. What type of flame 1s used to atomize
casily 1oni1zable elements alkali metal for
atomic absorption?

a) air-acetylene

b) air-propane

¢c) nitrous oxide-acetylene
d) air-nitrous oxide

39

| Questions for
Atomization

4. How does low temperature affect the
formation of atoms 1n a flame?
a) 1t decreases atom formation
b) 1t forms compounds of low volatility
c) 1t decreases the 1onization of atoms
d) all answers to a),b) and c¢) are correct

40

Questions for
Atomization

5. How does high temperature affect the

formation of atoms 1n a flame?

a) 1t increases the 10nization of easily
ionizable atoms

b) it increases the dissociation of
compounds of low volatility

c) 1t increases atom formation for
refractory elements

d) all answers to a),b) and c) are correct
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41 | Questions for 6. Which reaction in a tlame 1s desirable?
Atomization a) 1onization of atoms
b) formation of molecular species
c) association/dissociation of atoms and
other species
d) none of above
42 | Questions for 7. How 1s the 10n1zation of atoms in a flame
Atomization overcome?
a) change the flame condition
b) add easier tonizable species than
analyte
c) both a) and b) are correct
d) both a) and b) are wrong
43 | Text of “Components
of atomic absorption Components of atomic absorption system
system’” |
44 | Text of “Components | The essential components of an atomic
of atomic absorption absorption spectrometer include:
spectrometer” I. The light source
2. The atomizer
3. The Monochromator
) 4. The detector
45 | Show diagram In general, the operation 1s started with

radiation from the source being directed
through the atomized sample where selective
absorption occurs. The transmitted portion
then enters the monochromator. Here, the
analytical resonance line 1s isolated from
radiation of other wavelengths and sent to the
detector. Let’s learn the function of each
component. First we will begin with the light

SOUICe.,
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Most line sources used for atomic absorption
are hollow-cathode lamps. A lamp consists of
an anode and hollow cathode sitting 1nside a
sealed glass envelope with a transparent
window. The cathode 1s made of, or contains,

Text “ Typical voltage

200 volts with currents
2-25 ma.

No I Picture |
46 | Text of “Light source
for atomic absorption™
the analyte element.
| 47 | Picture of lamp

Inside the lamp 1s filled with neon or argon at
low pressure, about 5 torr, to minimize line
broadening effects. LLamps are typically
operated at voltages of around 200 volts, with
currents 1n the range of 2-25 mA.

| 48

Graphic of lamp
diagram

When power 1s applied to the lamp, a glow
discharge starts the sputtering process. Inert
cas atoms are 1onized and then accelerated to
collide with the cathode surface which causes
ejection of analyte atoms.

Graphic of atoms

The ejected analyte atoms collide with
energetic gas atoms which become excited.
The excited atoms then emit light which 1s
the characteristic spectrum of the analyte
element.

50

Graphic of atomic
spectrum

The atomic emission spectrum from a typical
line source contains many lines of different
intensities. Those lines come from excited
analyte atoms and filled gas atoms.
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51 | Graphic of resonance
line

The emission of resonance lines of analyte

are most used in atomic absorption, especially
the most sensitive ones, which gives largest

absorption. Other lines are not requured and
must be rejected.

52 | Text of “Line widths,
Temperature, and
pressure

Emission lines from the lamp should be
narrow. Thus, 1t is necessary to operate with
internal temperatures and pressures much
lower than those in the flame atomazer.

53 | Text of “Atomizer”

Let’s consider the next component, the
atomizer. A function of the atomizer is to

54 : Graphic of premix

| burner system

55 | Text

convert the sample into an atomic vapor. |

An atomizer system for the introduction of
sample solutions consists of :

1. The nebulizer
2. The spray chamber

3. The burner
The figure shows a cutaway view of an
atomizer system.

A sample solution is drawn at a flow rate of 1
- 5 mL/min to produce a fine mist by flow of
oxidant gas through the system to produce a
reduced pressure 1n the venturi section. A fine
mist 18 produced by dispersion of gas flow
into the solution at the capillary outlet.

56 | Text of “The spray
chamber”

Large drop sizes are turther reduced on
umpact with a glass bead or battles which are
placed in the spray path. Thus, increased
numbers of desirable droplets travel to a
tlame. The remaining large drops fall under

gravity condense and go to drain.
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57 | Textof “The burner” | The fine mist travels to the flame through a
burner slot. In operation, the upward tlow
| velocity must be greater than the downward
burning velocity to prevent flashbacks and
explosions occurring inside the burner. Thus, I

the dimension of the burner slot must be
small with a long path length. An optimum
path length 1s required to give highest
sensitivity. A typical slot dimension 1s 100
mm long and 0.5 mm wide for air-acetylene
flame and 50 mm slot for nitrous oxide-
acetylene flame.

58 | Graphic of Next, let’s discuss a monochromator, a major |
| monochromator component of the system. A function of the
diagram monochromator 1s to ftilter the resonance line

of analyte from other lines.

Since atomic lines are extremely sharp and
often close together, the monochromator
should give precise and accurate wavelength
separation. A wavelength of a tenth of a
nanometer 1s desirable.

59 { Graphic of Radiation, focused on the entrance slit, is
monochromator retlected by a spherical mirror, M1, to give a
diagram collimated beam. This beam then passes to

the grating, where it 1s dispersed at angles
according to wavelength.

When the grating 1s rotated to the
proper angle, the resonance line, in green, 1s
directed by the second mirror, M2, through
the exit slit. Other wavelengths, symbolized
here by blue and red beams, are dispersed at
angles which prevent their passage through
| the monochromator exit slit. .
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60 | Graphic of spectral
| band of wavelengths

The spectral output of a monochromator 1s
not a single wavelength but a spectral band of
wavelengths. Most monochromators are
equipped with adjustable slits which enable
the operator to obtain the most appropriate
resolution for the analysis. Spectral
bandwidths (SBW) are 1n the range of 0.1 to

1.0 nm.

61 Graphic of spectral
band of wavelengths

62 | Graphic of
monochromator
diagram

The spectral output of the monochromator is
not a single wavelength but a spectral band of |
wavelengths. An 1dealized output has a
distribution of light intensity as a function of
wavelength, like that shown here. Band
intensity 1S maximum at the nominal
wavelength, and drops oftf on both sides. The
width of the band at one-half its maximum
height is known as spectral bandwidth, or
SBW, a common parameter for defining
resolution. A typical grating monochromator
used 1n atomic absorption can provide
spectral bandwidths as small as 0.1 nm or
even less.

The monochromator resolution required for
atomic absorption measurements depends
mainly upon the source. With line sources,
the closeness of neighbounng lines 1s a key
factor.
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63 | Graphic of resonance
| line

I

When the resonance line 1s well 1solated, as

i with copper on the left, only moderate
resolution is required. That is, the
ihstrument’s spectral bandwidth, SBW, may
be relatively wide. However, when adjacent
lines are close, as with mickel on the nght,
higher resolution, or narrower SBW, i1s
needed. If the monochromator is unable to
reject nearby lines, analytical sensitivity and
linearity are atfected. Most monochromators
are equipped with adjustable slits with
adequate spectal band widths 1n the range of

0.1-1.0 nm.

ﬁ

|
64 | Graphic of detector
diagram

65 | Graphic of detector

Next, let’s talk about the last component, the
detector. The tunction of the detector is to
convert radiation into a measurable electrical
signal. Photomultiplier tubes provide
amplification as well as detector, thus giving
a high output signal.

After passing through the atomized sample
and monochromator, the source radiation
(pulsed using a chopper) falls on a
photomultiplier tube detector. The resulting
AC signal 1s then sent to an AC amplifier.
The AC amplitier 1s designed to respond only
to signals at the modulation frequency, thus
rejecting continuous sample emission signals
or DC signals.
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66 | Graphic of detector Photons entering the detector strike a
| diagram | photocathode. Electrons are ejected from the
photocathode and accerlerated by a voltage
potential to the series of “dynodes” where
more electrons are released through a
multiplication step.

After amplification, the signal can be
displayed on a readout device.

67- | Graphic of Conclusion.
components of atomic | In operation, radiation from the source is
absorption system directed through the atomized sample where

selective absorption occurs. The transmitted
portion then enters the monochromator. Here
the analytical resonance line is 1solated from
radiation of other wavelengths and sent to the |
detector. Measurements are made with and
without sample present to provide an
intensity ratio. The amplifier then converts
the ratio signal into absorbance or

| concentration, which 1s displayed on the
readout device.

68 | Questions for 1. Which type of light is required for atomic
Components of atomic absorption?
absorption a) hollow cathode lamp
spectrometer b) continuous light source
c) discrete line source such as eletrodeless

discharge lamp
d) both b) and c¢) are correct
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69 | Questions for | 2. Which one of the following 1s a function of
Components of atomic the atomizer?
absorption a) remove large droplets
spectrometer | b) nebulization to produce fine droplets of

| solution |
c) conversion of a sample solution 1nto
atomic vapor

d) all answers to a),b) and c) are correct

3. What 1s the function of a monochromator?

70 | Questions for a) to remove argon lines
Components of atomic b) to discriminate between nonresonance
| absorption lines |
spectrometer c) to focus analyte resonance line on a
detector |

d) all answers to a),b) and c) are correct

71 | Text of “Summary ot | Steps of operation consist of the followiﬁg:
| AA operating 1. Prepare the required reference and sample
procedure for solutions.

performing an
elemental analysis.

72 | Show Video 2. Select the appropriate lamp and set
optimum operating power.

73 | Show Video 3. Set the monochromator to the wavelength
of the desired resonance line. Adjust the

: spectral bandpass to the maximum which

allows satisfactory line 1solation.

74 | Show Video 4. Adjust atomizer controls for appropriate
| operating conditions
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No Picture | Sound

75 | Show Video 5. Measure absorbances of reference and
sample solutions

76 | Show Video | 6. Prepare a calibration curve, and determine
analyte concentration in the unknown sample

77 | Text of Music l

“Optimization”
|
)
78 | Text of “Select the The intensity of the emutted resonance line
| appropriate lamp and | usually increases with lamp power.
set the optimum Theretore, signal-to-noise ratio can be
operating power” | improve this way.

79 | Show picture of stepl | Unfortunately, a high current may also have
undesirable ettects on performance. There
may be a decrease 1n absorbance as the
current 18 raised, due to line broadening
| etfects. And there can be a loss in calibration
linearity. Choice of current 1s therefore a
| matter of compromise. Line broadening i1s
due to an etfect known as selt-absorption. It
1s due to generating too high a concentration
of element vapor 1n the lamp. In some cases,
there 1s a special absorption effect known as
“self-reversal”. This results in severe
broadening and a selective loss of intensity at
| the center of the line. Such broadening effects
result in decrease absorbance, and increased
| curvature of the calibration plot. These
| harmful effects are overcome by restricting

l the lamp operating power.
- _—
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' No Picture

Sound

l 80 | Show picture of lamp
Text “Typical
operating voltage
around 200 volts, and
l current 2-25 ma.”

As a general rule, hollow cathode lamps
should be operated below their maximum
ratings. Hollow cathode lamps typically
operate at voltages around 200 volts, with

| currents 1n the range of 2-25 mA. The lower
current not only improves sensitivity and
lineanty, but also prolongs the usetul life of
the lamp. The relative intensities of these
various emission lines may change with lamp

design and apphied power.

81 | Show picture of lamp

A high lamp current gives an intense light
beam and therefore improves the signal-to-
noise rat1io. In some cases this benefits

| analytical precision.

82 | Show graph
| Conclusion of
operating a lamp at

high power as the current 1s raised, due to line broadening |
- Decrease in etfects.
absorbance Second, there can be a loss 1n calibration
- Loss in calibration linearity. o
linearity Choice of current is therefore a matter of
COMPIomuise.

Unfortunately, a high current may also have
undesirable effects on performance.
First, there may be a decrease 1n absorbance

83 | Text of “Adjust
atomizer control for
appropriate operating
conditions™

1. Align a burner to an emission beam for
maximum absorption sensitivity

2. Adjust fuel to oxidant ratio to obtain

optimum absorption.

3. Adjust viewing height above the burner.
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No | Picture

Sound

84 | Graphic of air-
acetylene fiame
diagram

| persist up to 4 cm above the burner tip. The

With a fuel rich, chemically reducing tflame,
as shown on the left, free analyte atoms

highest concentration i1s found about 1 cm
above the bumer.

In a lean, oxidizing tflame, the tigure on the
right, free atoms are confined to a smaller
zone, almost entirely below the 1 cm level.

It is obvious then, that at least for some
clements, the ratio of fuel to oxidant in the
gas muxture influences where the free atoms
are concentrated 1n the flame.

85 | Graphic of burner

I

When measurements are made at different |
viewing heights above the burner, we find
variations in absorbance. The variability is
shown in the figure on the right, where
absorbance ts plotted as a function of viewing
height.

Close to the burner, Point A 1n the figure
(on the left), the atomic concentration i1s low
and we note a correspondingly low
absorbance. Then, at Point B, where the
atomic population 1s greatest, absorbance has
a maximum value. Higher in the flame, at
Point C, both concentration and absorbance

have decreased again.




87

No | Picture Sound
86 | Show graph viewing The relationship between absorbance and
height viewing height 1s different from one set of

operating conditions to another and also from
one element to another. Therefore, one
viewing height 1s not satistfactory tor all
analyses. For this reason, in most burner
systems, the viewing height can be adjusted
with respect to the light beam.
Now we are ready to perform measurements
| on our samples. |
. 1. Which one of the following 1s wrong for
87 | Questions for the optimization of a lamp for atomic
Operation absorption measurements?
a) the intensity of emitted light source
| increases with lamp power
b) a loss of calibration linearity when
| operating at very high currents
¢) operate a hollow cathode lamp at
currents as high as possible to get the
highest possible signal intensity
d) the absorbance decreases as the current
| of a lamp increases due to line
broadening effects

—
38 | Questions for 2 Which of the following 1s a disadvantage
I Operation when operating a lamp at low current?

a) mmproved linearity

b) mmproved sensitivity

c) prolonged life-time of a lamp

l ' d) signal instability and poor precision
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Picture

Sound

QQuestions for

' Operation

Music

Text of “Atomic
Absorption tor
Chemical Analysis”

91

Graphic of Beer’s law
diagram

Wavelengths of lines 1n the atomic absorption
(or emission) spectrum are characteristic ot
atoms which absorbs (or emits) energy at
their own specitic wavelengths. It provides a
powerful means of elemenal identification
(quahitative analysis). The intensity of
absorption (or emission) is proportional to

| atomic concentration. This is useful for
quantitative analysis. From the periodic table,
70 elements can be analyzed by atomic
spectroscopic methods. I

Light at the resonance wavelength of initial
intensity, Iy, 1s passed through the sample’s l
atomic vapor. The imtial light intensity is
decreased by an amount determined by the
concentration of atoms. The transmitted
intensity, I, is then directed onto the detector.
The amount ot light absorbed 1s determined

by comparing I, to I |
| Transmittance, T = I, /1,
and Absorbance, A = logly/1
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No Picture J Sound
92 | Text of equation | Absorbance is the term used for
charactenzing light absorption in

spectrophotometry. Beer defines the
relationship between absorbance and atom
concentration as follows :
A = abc

93 | Text of equation Large A 1s absorbance, the parameter
determine spectrophotometrically. Little a 1s
absorptivity, a constant for a given element
and wavelength

b 1s path length

and ¢ 1S concentration.

94 | Text of “note” Usually 1t 1s not necessary to determine the
value of the proportionahlty constant a.
Instead, we measure the absorbance of
reference solutions containing known
concentrations of analyte elements. Then we
compare these results with the absorbance
obtained under the same instrumental

conditions for the unknown sample solution.
A plot of A versus c¢ for reference solutions
| produces a calibration curve.

Show graph If Beer’s law is obeyed, absorbance A 1s
Proportional to the solution concentration of

analyte element, ¢; over a wide range.
However, a linear plot 1s seen to curve at

| higher concentrations. In such cases we can
still define the calibration curve by plotting
the absorbances of a number of reference
solutions against their concentrations. We
then interpolate the absorbance of the sample
solution on this curve.

i
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7

absorption for
Chemical Analysis

No Picture Sound
| What cause a calibration curve of a plot of
96 | Question for Atomic absorbance against concentration to deviate?

a) a spectral band overlap

b) concentrations are too high

¢) operating a lamp at very high current
d) all answers to a),b) and ¢) are correct

| Post Test

Post Test

1. What range of electromagnetic radiation is
used 1n atomic absorption of outer most
electron ?
a) X-ray
b) ultraviolet
C) microwave
d) near inirared

98

Post Test

2. Most absorption transition lines 1in atomic
Spectroscopy 1s ?
a) absorption band of the element
b) any transition lines of the element
c) any absorption lines of the element
d) resonance line of absorption (or
emission) of the element

90

Post Test

3. What does it make atomic absorption
usetul for spectrochemical analysis ?
a) Beer’s Law
b) availability of hollow cathode lamp
c) availability of desirable flame
temperature
d) all answers to a),b) and c¢) are correct
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Picture

Sound

100

101

102

Post Test

Post Test

| 4. What type of atomizer is easy to perform

analysis by atomic absorption ?
a) flame

b) plasma

¢) furnace |
d) all answers to a),b) and ¢) are correct

5. When should nitrous oxide/acetylene flame
be used ?

a) to a analyze alkali metals

b) when a 10 cm. burner slot 1s used

c) when analyze refractory elements

d) 1t can be used with all elements which
can be analyzed by flame atomic
absorption

Post Test

-

103

Post Test

R N EEEEEEE——S —

6. What 1s an advantage of using a low

temperature tflame 7

a) to save fuel

b) to decrease the 1onization of an atom

c) to decrease atom formation

d) to reduce the tormation of compounds
of low volatility

7.Which one of the following is underirable
for use 1na high temperature flame?

e

a) Increase ionization of easily 1onizable
atoms

b) Increase atom formation for refractory
elements

¢) Increase dissociation of compound of
low volatility

d) All answers a), b) and c¢) are correct
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l 104 | Post Test 8. Which one 1s not a function of a

monochromator ?

a) removal of argon lines

b) discrimination of nonresonace lines

c) focus of analyte resonance line to a
detector .

d) amplity spectral of the analyte before
reaching a detector

105 | Post Test 9. Which one of the following i1s a
disadvantage for operating at high current ?
a) 1mproved sensitivity

b) better signal to noise ratio

c) prolonged life of a lamp

d) signal instability and poor precision

106 | Post Test 10.What does it make quantitive analysis of

elements possible ?

a) beer’s law

b) absorption 1s a function of wavelength
of element

c) calibration curve

d) all answers a), b) and ¢) are correct




AN HIN .

o v
F=Y y P

~ Y, Ay ¥ A
!E‘]J']Jﬂ'ﬁﬁluuﬂ!“ﬁﬂ?“ﬁ1ﬂ3ﬂ1u!uaﬁ1 HASTHAD

!!ﬂﬂﬂﬁﬂﬂﬁm!uu’§$ﬁ's1ﬂ!§ﬂﬂ !!ﬂa‘:!!ﬂﬂﬂﬂﬁﬂﬂﬁa’ﬂﬁﬂ‘l&



93

EVALUATION FORM FOR INFORMATION

“Multimedia Computer Assisted Instruction on Chemical Analysis by
Atomic Absorption Spectrometry ~

Least » Most

No Topics 4 |5
1 | Applicability of 1nformation | | |
2 Iﬁlntroduction section | |
3 [Clarity of information |

l 4 lCorrectness of 1nformation

! 5 | Presentation
6 Suitability
7 Graphics _ | 1

8 Animations

O Transition between frames
10 | Timing
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Score of Exercise and Post Test

“Multimedia Compiter Assisted Instruction on Chemical Analysis
by Atomic Absorption Spectrometer’’

Topic Marks

1. Basic Principles (4)

2. Atomization (7)

3. Components of Atomic Absorption System (3) |

4. Operation (3)

5. Atomic Absorption for Chemiucal Analysis (1)

Total

Post Test
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1 Which one is a characteristic of particular radiation ? -
- . , " . - I '

frequency
velocity of radiation
range of radiation

Jde interaction with matter
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 POST TEST

1 What range of electromagnetic radiation is used in
- atomic absorption of outer most electron ?

Ultraviolet.

Nicrowave.

T34  Near infrared.
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