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Atomic Spectroscopy
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Spedfic spectral lines can be used for
elemental analysis - both qualitative and
quantitative.
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Pracesses occurring in the flame.

Excitation
EARIQY

Flame
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- s AES
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lonizatinn Excitation
Ca*

Ehgry Bnergy
In flame emision. we meg-

syre Ca™ . In atomic ab-
S0rphon, we measure (87
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ATOMIC EMISSION SPECTROMETRY

(Ph. Eur. method 2.2.22) @
@®

Atomic emission spectromet
Qg entration

method for determining thﬁ
of an element in a subs %o Oy

measuring the inten @ one of the
emission lines o tomic vapour of the
element gen from the substance.

The det lon IS carried out at the
wavel%]% corresponding to this
line.

: 7
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@
A p p ar at us (Ph. Eur. method 2.2.22 ®@%

This consists essentially of an atow@
generator of the element being de = fined
(flame, plasma, arc, etc), amromator
and a detector. If the generatoris a flame
water is the solvent ‘uj_)(d’ for preparinc
test and reference eﬂ- ard] solutions,
although orga vents may also be used if
precautio $ ken to ensure that the

solvent a %ot Interfere with the stability of
thef
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i Development of AES @
» 1850 Kirochaff & Bunzen ,Na &K m@‘&we

yellow and violet color. »‘
« 1870 Gony ,Assay of Na&K th he measure
of emission. @
e 1875 Lundegradh , u @ ebulizer.
.+ 1880 Harty use @ instead of Flame.
1930 comme
. 1955 Wall g of AAS

. \i@ ordner , use of AFS
Us{3 asma ((last years)
P8 9
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3- radiative ( beam of ra@g' jon )4 eyl

4- Plasma

 /ICP =Induct oupled argon plasma

« DCP = Dir urrent argon plasma.

« MIP é@&é&o wave-induced argon plasma.
@ Glow discharge plasma (AA)

St important of these plasmas is the inductively coupled plasma (ICP).
10
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S2% |- Thermal Method 4 i_all

Flames
This approach works best for |
Group IA and |IA elements |
because they are easier to ‘
ionize. |

Samples are introduced via
aspiration into the flame so
must be liquids or gases.

IA (Li, Na ,K ,Rb,Cs ,Fr)

1A (Be,/l//g, Ca, Sr, Ba, Ra) Prof. J. Al-Zehouri
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Excitation sources =

fuel

Flome excitation

This method of ¢xcitation is of relative low
temperature:

[ Ai/H,) [ 2100°C
"G | O,lH, }M 2700°C
| N,O/GH, 3050°C

This results in only a very small percentage of the
atoms being ionized (<1%). One option is to go to
higher T - Plasma emission.

Prof. J. Al-Zehouri
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Excitation Sources =7

I - Electrical ol
Relies on a pair of high purity carbon electrodes.

> Are - continuous electrical excitation.

., dpark - short byrst of excitation.

Temperature 4000 - 8000°C for a spark
Voltage 15,000 - 40,000 V

Prof. J. Al-Zehouri



g&ﬁr@ A- ICP  Inductively coupled argon plasma ( x<,
@ J
- Excitation Sources <=

‘\‘«;L’v 4

By definition, a plasma is an electrical conducting gaseous
mixture containing a significant concentration of cations and
Electrons. i, sy dum pall 3 ) 5 e zeals S 5 sy el S JBU e

Similar to flame photometry.

111- Plasma

An RF field is used to excite an inert gas (typically

argon) which in turn ionizes our sample.
Aall (g o5 oAl Jaladl Sl 3 Y (5 sl ) Jlae aadia

Higher temperatures (>10,000K) are achieved so we
obtain better senskivity than with a flame.

*RF = Radio frequency

Prof. J. Al-Zehouri
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*The use of plasmas as excitation sources fi
atomic emission /s very important in rec

A
Xg@rg/zed by a radio frequency

noperating at 5to 75 MHz and 1 to kW
reating a changing magnetic field in the
ng gas inside the coll. 15
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but it can be made electrically ucting by
heating It.

la
e 70 Initiate the ICP dist

*Argon is not a conductor at r0§§ Yerature,

16
Prof. J. Al-Zehouri
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« This plasma jet source consists of three ele 5
arranged in an inverted Y conf/guraz‘/on@@
the Y and a

‘A graphite anode is located in ea %@
tungsten cathode at the inverted base

*Argon flows from the two b/ocks toward the

cathode.

b

Chata

«The plasma Jet |
momentarily in

by bringing the cathode
t with the anodes.

«lonizati the argon occurs and a current develops (
= 14 A% enerates additional ions that sustain the

C‘L@I@ definitely. St g%
<\/j ) 353l BBIETL
17
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Electrode

Excitation region -

A Sl e
Plasma column — ‘-_-"-ﬁ:-_ Ceramic sleeve
Electrode // \
ﬁnrs-:'n Enmpll: \‘a"'nrsﬂn
-+
Anode Argon ‘ Anode
hl:ﬂ:k i b]ﬂlﬂ.k

|
@g A three-electrode de plasma jet. 18
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Example (NaCl)
@ NaCl (Solution) <% NaCl (Soli

m@@ "

NaC°(ground state atoms - Na* (Exciting atoms)
Leie% 1 b L jad) AL 03'

ﬁte atoms) + NV (resonance Line, The highest intents)
L Eua (il Jad) AoV Badd 53 Jadd) die (i A daghad Bae (e (oS Analad) AaY)
Y 0T i o Com LD oo BAT 138 Juall A gall Jh daga pe

—

u

‘é@

Na®° (gf

Afoppizaiion 15 the process in which a sample 13 vaporized 21
and decomposed to 1tz atoms, usually by heat Prof. J Al-Zehouri
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Filter
Galvan-
meter Ii L
_-_J

Photoelectric
cell

Schematic of
FES (AES)

RN

Flame
- Monochromator
1- Atomizer
2-Burner
3-Monochromator
_'1
Sample 4-Photoelectric cell
solution » N
I *
4| Atomizer Pressure | Oxidant
L regulator gas
BIBBY\
Pressure Fuel aola e
regulator gas -
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Types of Flames

Flame consist of two gases fuels W

and oxidants G&_ia ( air,0,,N,

Not that temperatures of 170 OOC are
obtained with the various hen alr serves
as the oxidant.( at the erature only easily
decomposed sampl@ atomized , Na, K ..).
For more refrac mples, oxygen or nitrous
oxide must b oyed as the oxidant (2500-
3100°C :

The @ velocities are of considerable
ImMpORtaH because flames are stable in certain
2% of gas flow rates only.

24
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Types of Flames

* If the gas flow rate exceed t

velocity ,the flame propag |se
into the burner, giving { | ack. * |
uﬂaub.u\ \Jh‘i\@ﬂjw\@ﬂjgﬂ‘!g\g*

es ,the flame rises
int above the burner
elocity and the burning

where the@&
veIoc@ qgual. This region Is where the

ﬂa able Sl gludia (e yeal) (3985 () g

DL 25
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%ﬁ Properties of Flames

Maximum Burning

Fuel 6= Oxidant 5 s Temperatures, °C Velocity (cm s 1)
Natural gas zuaa 5 Alr 1 700-1900 3043

Ol
Natural gas Oxygen 2700-2800 370-390
Hydrogen Air 2000-2100 300440
Hydrogen Oxygen 2550-2700 000-1400
Acetylene Air 21002400 | 58-266
Acetylene Oxygen 3050-3150 11002480
Acetylene Nitrous oxide 2600-2800 285

Natural gas = propane Prof. J. Al-Zehou
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Burner

* The part which the mixing
and the oxidant gas IS %

two type of Burne

1- prem|§§ ner (most used now)

M\m&yu
gremlxed burner.
@ athS\

28
Prof .J. Al-Zehouri



Premixed burner = %

A

The mixing happen before the fl BT

Disadvantage ( possibility of 70N)
Y Ity of gas mix
) % O

\ LA Ao 48T Ladie dald
s L) J313] gl [ i 513

close and op
close the fuel gas first when the

flam an
flam ﬁ‘% and the ratio of oxidant to fuel gas
m DA

S Bl i) ety o ol illy L) B s JadiS) 047 S
@ , slibY) aic ¥of Glad il gl g Seidy
29
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Flame ®""_‘.;>7;,',
@

Oxidant gas
G sl

o]
Fuel gas T m ——
T
/ !

Gl
§iev drain l
Sample
ié)@ Solution
@%Q@ remixed burner

el J8 z el oy .
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3 Flame

Burner

A
/__-»
Analytically

useful part
of flame

Burner :
head - (b)

Pramixed fuel
and auxiliary
oxidant supply

*\Scmplo flow

Capillary

o N
J l f
Premix burner= Partitial | 1o grain t

consumption burner Sk _J Prof&i%al-Zehouwi

Mixing process




Non-premixed burnerﬁ

* The mixing of gases happe M at the

danger of explost

 The flame |
the flame I
the p

Mmogenous (opposite
emixed burner) therefore
d IS more common In use.

flame. &
 Fach gas has separ @ th ( No }E
=
4

1

QI a5 el B aaiions 130 Sibiens dlay (S s JUEN (g il gl 13 Y 1S
(el J213 Al jlaia Jsb g quuliy palaiad) of Eua

32
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Non-
premixed
burner

Fuel gas

- Oxidantgas
Caplllary Tube

—_— E‘i' Sample Solution

B s e cmeem e —

Prof. J. Al-Zehouri



Surface mixing

J'Ud\\
<+<—— Fuel flow Csjal\

pEa|
«—— Oxidant flow -
3 il
¢ |
P T I Capillary
Sample
@)@premixed burner = Total-consumption burner N

Prof. J. Al-Zehouri



Flame Structure
@hu@\&&k&u‘ibuﬁaﬁ&u\ph\ﬁ\gu@ﬂ\
Stabllity of temperature and compo
IS very important ,and must has ue of (

flame background emission) .= S Jlay et gl ol o o
saiad) Elag) aa aa JalSy Y

Lal) Gilan Gilaady) ga 1 ALY Eilady)
flame em|SS|on N

Flame backgroun

absence of sagg o :

35
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Flame Structure

» The Important reglon 11
flame include : .

1- Pr/maryc sz‘/on zone s

. s $E sal) dakais

2- /m‘erz \region. FREER
Je : ary combustion
@@%

36
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secondary
combustion zone

interzonal
reqion

primary
combustion zone

typical
optical path

burner head

Interzonal

Second
combus
zone

Primary
combus
zone

Fuel-oxidant
mixture



The appearance and relative siz
regions vary considerably wit
oxidant ratio as well as with th
oxidant.

The primary combusti
flame Is recogniz

arising from t
other radical @

@ilibrium is ordinarily not reached in
2qioh,

ne in hydrocarbon
its blue luminescence
spectra of C,,CH,and

and it is ,therefore, seldom used for

¥Yspectroscopy.

onS U gl oo iUl ElandY) o) Gua (bl a0A508Y 13gd g dllaiall o3¢y JalS Jeldil) ¢ Y

Gl Jadl oda cislal Al 5,5 BIIL Jaalig C,,CH .. Jie 3Gl ciliy Jad) (28B4 g ¢!
Prof .J. Al-Zehouri
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(Ao g sial) )ty dilaial

LgSamc (sSasta JB1 AR il ¢ g ) g A0 ¢y oS8 Apaaliia ¢ B0 a o ¢

\\:uud

* The interzonal area ,which is relativ¢ rrow in
stoichiometric hydrocarbon fl may reach
several centimeters in helght | l-rich
acetylene/oxygen or ac nitrous oxide
sources.

* It has thermal eq and hlghest

temperature.

 The zone i &@ rich in free atoms and Is the
3V ised part of the flame for

MOS
SpP oS COPY.  eayap it date il ladl 5 oday daciieusl] b dilaial o
lgio Linsial) DY) widal dibial) o3 Htia) Lo Laild g jaiall

@ , O pilsa
39
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Flame Structure) \
s G 3 AaY) ddhis @®
3

* In the secondary reaction zo
' nv

products of the inner core erted to
stable molecular oxide

1A 51 _a (il Laga o) gedly gl Jalisy Ui
Elaai¥) ¢ ()AL o) sl Cpaas) JAah 18 g ddkatiall
caRAd Y 1A s U Guglll (e aaldl)

40
Prof. J. Al-Zehouri



Temperature Profiles :

*The maximum temperature is located in the
about 1 cm above the primary combusti

oIt Is Important-particularly for emissi

focus the same part of the flam e entrance slit

for all calibrations and analygpalneasurements.

41
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N s Atomization source ="

We need to be able to convert our sample to free
atoms. Two approaches are used.

o Afomnzation 15 the process 1n which a sample 15 vapertzed
Flome atomization | iddecomposed o its atoms, usually by heat

liquids and gases \' i

Flameless atomization —) InAA & Atomic
electric emission

graphite furnace
liquids and solids



Types of Atomirzers Uised for Atomic
S pectroscopy

Type of Atomizer Typical Atomization
Temperature, L

Flame 1TO—3 150 |
Electrothermal vaporzation 1 20— 300
(ETV)
Inductively coupled argon SHCH N W)
plasma (1CP)
Drirect current argon plasma AN SN
(D)
Microwave-induced argon ZUCHOMO— S MOy
plasma (MIFP)

I Glow discharge plasma (GIED) Mo thermmal
Electrnic arc NN — SICHONE
Electrnic spark L OO (77D

Prof. J. Al-Zehouri



Flame Atomizer

In a flame atomizer ,a solution o ... pIe IS

nebulized by a flow of gaseo t, mixed
with a gaseous fuel and c to a flame
where atomization occ

atomic, ioni molecular emission spectra.

‘». atoms so formed ionize to give
d electrons.
Prof. J .Al-Zehouri

excited bytg ‘\) the flame, thus giving
C



Flame atomization
(Nebulization or Aspwaﬂoq@@

o The sample introduc
nebulizer (spra yer @/ch has

tow type:

1- parz‘/a/ mpz‘/an
ol gLy g FLAL

%@ cansumpz‘/an type.

BSEVIRYIN

45
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- Partial consumption Nebullzatl

u—uﬂ “
» Used in premixed burner. s 38 sl
PROABNLERY
 The sample drew via Vent ct giving a
smaII drops Which mixec @; ases.
dﬁiej 5 sk ﬁu @ 2 -MS}J‘ JUJ\ Jady il
Lald 5 yany o8 \ A gall Sladl alias 5 jakaa <ol sl

Uald i pan e g AT Lo st pall

46
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Advantages : homogeneous
drops =10um,10% of th %
reaches the flame, on %
drops reaches the e ,NoO
radiation sca tt
‘ e oA arll e % 90
Dlsad @ ge : great amount of

lution, consumption of
amount of gases, It difficult

@fi clean. Sl g Al (a5 S g

47



RS ‘
«% Flame atomization =

A flame atomizer will usually have
a long, narrow burner head that

A
serves as a sample path (b). l7
Sample is introduced
via aspiration. mixing

The nebulizer controls sample chamber

flow, producing @ mist. .=

The mixing chamber assures that

the sample mixes with the

oxidant and fuel prior

to entry into the flame. nebulizer

Prof. J .Al-Zehouri



» Used often in non-premixed

 The sample drew via Vent

the sample mixed wﬂ@
burner.

Total consumption Nebulizati

DAL LAY 53 28 gall ae Llle andiug ¢

"
Q

fect where
ases out of

49
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Advantages : It Is easy to clean @
analysis of high viscosity sam v
(blood ,Urine ..), the flam trate In
small area which is us

measuring the emlsgb more than the
absorbance. @
Disadvan @ non homogeneous
drops = (g@ 100% of the solution
re the flame so no total sample
ration, all drops reaches the
@ lame , radiation scatter.

50
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Flame atomization “="

The most common fuel to use is acetylene.

Either air or nitrous oxide are used as oxidants, with
N,O producing a hotter flame.

Temperature, °C
C,H,/Air 2100 - 2400
C,H,/N,O 2600 - 2800

N,O also tends to produce a noisier flame.

Prof .J. Al-Zehouri
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Flame atomization

Flame atomization tends to produce stable signals in the
ppm range for most metak.

It is @ dynamic method
Sample is constantly being consumed.
Large sample size (>1 ml).
Your sample must be a fluid.

The detection limits are relatively high since only a small
portion of your sample is present in the flame at any
given time.

Prof .J .Al-Zehouri
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Flameless atomization =
(Electrothermal Atomization)

Samples are placed in a carbon tube whidh is
heated electrically - graphite furnace

Sample residence time is greater so you have
improved detection limits and sensitivity.

Solid samples can also be assayed.

Prof .J .Al-Zehouri
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Flameless atomization =

You can't simply heat your sample to
atomization temperatures or the sample will
splatter.

We use a temperature program to ensure
reprodudble atomization.

A three stage program is the most common.

Prof. J .Al-Zehouri



Excitation I\/Iethods @@

<

Gl (& paiall 30 3k (e (s %ﬂu‘d&a
* Physical excitation : as a result
samples atoms with the gas r

M + He - M
M+ e = |\/|*§
Sl gl 32 9 5 @)M@J‘ D5t ol Sl AN aaal Lesie

S A G MR 38 Al 8D 855 45 jlae 3 el yuaial
‘@ Y\O&M\emwecjhjc‘)u@j\w\
@%@ bt i Ll ) ctany)

\YQ 95
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 Chemical excitation :
Ho + H° * H,
energy + M

56
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Flame spectra

 Consist of several lines via the excHati
transitic

 Resone
happe

lon
| to the

ransition is less sensetivity.

1S,2S,2P.3S.3P,45,3d,4p,5S,4d, ..... >

Prof. J .Al-Zehouri
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¢
’ Q&\\\\u

N
L_ALBJM‘ u\JJM Jmuﬁﬁ&_\nc{)\_\d\ Q\Jﬂ\ JL}%&@JM'&
NOSM\Q\JM\JLQ;\ NiBJM\Q\JM\JJQL._\u;ﬁTB ' \BJ\J;
 T= Temperature. O
« N:= Number of exiting atoms. B%@ St gl S
« Maxwell-Boltzmann equation :

N g AE/KT
i E-—.

e
— e —

While N, = Nr. ofgr@\ﬁ}%vtate atoms ,K= Boltzmann

constar@ A 10" %erg/deg.

-, g; and g, constant related to the quantum Nr.

59
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Element Excitation

% of Excitation Atoms

energy
Resonance

Line |

nm e¥) | - 00K | J000K 4000K

| Cs(852.)) 146 | 2 | 0.4 0.72 2.98
Na (589.0) 211 2| %107 | 0.06 0.44
j
]

| Ca(@227) 293 Ix 107 | 4x 107 | 006
| By | S0 X 1070 6x 107 | 1x 107

b tall A aae AL a6 ualS Sy Gl o sl Lia

Prof. J .Al-Zehouri



» At high temperature ,the ratio 0@ of
N to N, very small, their for t{i

sensitivity of flame mez‘hc@& z‘ very
high.

. The le refer that it is difficult to assay
Z Xfy /am method.

61
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Interferences

» Self-Absorption. (abs .of emit radiation)
* |lonization ( loss of electron )

M* high T M+ +e-
suitable T
M© + hv
« Chemical ( reaction of the element with the

others)

Physical ( viscosity, rate of gases)

Spectral ( present of several element,
emission of radiation from the element
oxide Mg = 285,21 ,Na = 285,28 nm)

&S .

Prof. J .Al-Zehouri
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Interferences

* To avoid the chemical interf
can use the releasing age@
example : to avoid th f phosphate

on the determlnat caIC|um we add

lanthanium eleasmg agent where
an replace eaction occur :

O+ 2La . 2LaPO, + 3Ca

@ @MMMM\@MM“ EDTA J) 4Ll oSay Las
48, al) (udty 4o jlad) Jallaal) dlalea g g cldi dl)

@ 68 .
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Application

Determination of Na and K In seru
Determination of Ca and Mg |
Determination of some cr%

e'metal In raw

metals. or determine the

material

Simple and rapid m;

Simultaneou {ekMination is possible.(plasma)

ages : limited to some element and the
ary to use standard solution.

70
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\\Lab’ :

Qualitative analysis

Atomic emission =

Methods rely on the presence of specific emission

lines.

Element

Ag
Cu
Hg
K

Zn

3281

3248
2537
3447
3345

Major emission line, A

nm=10°"m

A° =101m

Prof .J .Al-Zehouri
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Quantitative analysis
Based on measuring the intensity of an emission line.

intensity = K ¢
Best for metals, sensitivity > 0.001%

Large relative error, + 1-5%

Sensitivity and error are highly dependent on the
element and line being used.

Prof. J .Al-Zehouri



Method

zero. Introduce the most concentrateg-r
[standard] solution and adjus ensitivity to give a

suitable reading. @

Determinations a y comparison with reference
[standard] solutio ith known concentrations of the
element t mined either by the method of direct
calibrati@n od |) or the method of standard additions
(Meth

eﬁ/\ethod | unless otherwise directed. 73

Prof .J .Al-Zehouri



Method |I: Method of direct calibration

Prepare the solution of the substance to be exan
(test solution) as prescribed. Prepare no '
reference [standard] solutions of the eléfentbeing

determined the concentrations of \@ épén the
r

expected value in the test solutio reagents used in
the preparation of the test SQ e added to the
reference [standard] solu the same concentration.
Introduce the test sol
solution into the |
record the stea ading. Rinse the apparatus with blank
solutlon 08 and ascertain that the reading returns
to its it o nk value. Prepare a calibration curve from
the f the readings obtained with the reference
d] solutions and determine the concentration of
element in the test solution from the curve so 24
btained. Prof .J. Al-Zehouri




volumes of the solution of the substance
examined (test solution) prepared
Add to all but one of the flasks prog Ively larger
volumes of areference [stan solution
containing a known conc n of the element to
be determined to prod eries of solutions
containing increasi centrations of that
element known t e responses in the linear part
of the cur the contents of each flask to
volum Ivent

@@@

Add to at least three similar volumetric ﬂ%g%@
fibed

75
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Compound Sodium Lactate Intravenous Infusion

Alle 48y adll Jusa (B 5 plaall oda Slad) (Say

determine by aromic emission spe
Appendix Il D, measuring at 589 n ‘
standard solution (200 ppm u ably diluted with
walter, for the standard so w

For KPrepare a d|Iut|on In water and determine
by az‘om/c gspea‘mphoz‘omez‘ry, Appendix Il D,
nm and using potassium standard
pm K), suitably diluted with water, for the

76
Prof. J. Al-Zehouri



Atomic emission @@QK

Spectrophotometry (AES?@
« KEYPOINTS

Principles
Atoms are thermally excited they emit light

and the radiation emltte easured

Appllcatlons In pha tlcal analysis
Quantlflcatlo | metals in : alkali metal
salts,infusin lalysis solutions.

. Detern<@%gl of metallic impurities in some of
h

the % organic salts used in preparing these



¢

Strengths @@ﬁ
Flame photometery provid%i®

robust , chep and selecti é& hod
based on relatively si pﬁ&
Instrumentation for@@ntitaﬂve

analysis of sor@ﬁ@ tals

Limitation &@

: gﬁcable to the determination
2[Keall and some alkaline earth

netals :




ATOMIC ¥
ABSORP TI A%
SPECTR OPHOTOMETRY

Prof .J. Al-Zehourl



What is Atomic Spectroscopy?

Flame

—P-lhw-:cnrmm:wA-Inamcml—-Im.rIm;

‘ Readout |
3 device |
—
according to
Analyte sample Kirchhoffs Law

I DAk
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Absorption methods 2

Atomic absorption spectroscopy (AA)
b situndl) 5yl Lgillay oo 5 5 puall il 31 placial e auind (oS Jylail 435 )k

A quantitative method of analysis based on the
absorption of light by atoms in the free atomic state.

The method relies on the Beer-Lambert relationship -
calcwlations are the same as with molewlar
absorption methods. s aY o8 e Clually ikl adies

Prof .J. Al-Zehouri



Atomic absorption “="
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Basis of method

With electrical or flame excitation, most atoms remain
in the unexdted state. b o iy i e Tl s el s 0

Even with plasma emission, this is still true but not as
large a problem.

If we can look at the free atoms, we can potentially
develop a more sensitive method of analysis.

Prof .J. Al-Zehouri
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(Ph. Eur. method 2.2.23)

C
@@

%“ y Is a method

Atomic absorption spec
for determining the gritration of an
element in a sub “9\ by measuring the
\@‘: 1on by atomic vapour of
ggrnerated from the substance.
ination is carried out at the

¢

absorption o
the eleme &
)

wayelength of one of the absorption lines of
«. \element concerned.
84
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“SApparatus

This consists essentially of a source of radiat! omlc
generator of the element to be determln urnace

etc), a monochromator and a detector

The method of introducing the S to be analysed
depends on the type of at rator used. If it is a flame,
substances are nebulise ateris the solvent of choice

for preparing test and+ nce [standard] solutions although
organic solvents n\a\{(%so be used If precautions are taken to

ensure tha nt does not interfere with the stability of
the fla @&a furnace is used, substances may be
mtrod ~ 3 Ssolved in water or an organic solvent, but with
@ que solid sampling is also possible.
86
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Apparatus

The atomic vapour may also be géfie «,;
outside the spectrometer, for e, the
cold vapour method for merciryor certain
hydrides. For mercury, s‘are generated
by chemical reducti the atomic
WE ream,of an inert gas
/nto an abso@ cell moum‘ed n the
optical e instrument. Hydrides are
e/z‘h o with the gas feeding the burner
WOt by an inert gas into a heated cell in
z‘hey are dissociated into atoms.

87
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I\/Iethod @®

Operate an atomic absorption spectromete dance
with the manufacturer's instructions att rlbed
wavelength setting. Introduce a blank(\ol onh into the
atomic generator and adjust the mstruqf@nt reading so that
It indicates maximum transmlsgm@}ntroduce the most
concentrated reference [s solution and adjust the
sensitivity to obtain a absorbance reading.

solutions nOWnN concentrations of the element being
determ ther by the method of direct calibration
@A@ ?or the method of standard additions (Method II).

Determinationga de by comparison with reference

Use Method | unless otherwise directed?
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Sources

A molewlar spectrophotometer relies on a broad band
light source.

With atomic absorption, a line source s required to

reduce interferences from other elements and
background.

Two basic types
Hollow cathode lamp - HC
Electrodeless discharge lamp - EDL = o= &gl

Cisaal) Jasgall 53 luas

Prof .J. Al-Zehouri



@
Hollow Cathode Lamps @

Cathode composed of the same element as the analyie.
As long as line broadening within the cathode Is less

than within the flame, the linewidth of the lamp i1s always
less than the linewidth of the absorbing atoms and Beer’s
Law Is followed.

o) Gl
Insulating disk Quartz or
' glass window
/ \l
S,
— ,
C. -]
Y-




Hollow cathode lomp o

The lamp is filled with an inert gas like argon or neon.
When a potential is applied, it causes the gas to
become excited and it is driven towards the cathode.

< sY! sliad A& aaall &l A iy age

/ Ar* Metal atoms are then

N sputtered off the
Me surface of the cathode.

Prof .J. Al-Zehouri



Hollow cathode lamp

@\Ahm\
1. lonization 2. Sputtering 3. Excitation 4. Emission
T +— R < " - v :
T Ne—Net| - — = | T Mee—Net |- EW - light

Prof .J. Al-Zehouri



This source produces emission lines specific for the
element used to construct the cathode.

The cathode must be capable of conducting a wrrent.

Prof .J. Al-Zehouri
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An HC lamp will only produce the emission lines for the
cothode element.

Multielement HC lomps are available but are limited.

Not all metals will make suitable cathodes
Metal is too volatile
A good cathode can’t be produced

The metal may not be good conductors

Prof .J. Al-Zehouri
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AU anie & e rluas

An alternative to the hollow cathode lamp.

A salt containing the metal of interest is sealed in a
quartz tube along with an inert gas. b csae IS8 oadl Gl e

Bl 0 Gam g s w)—\
An RF field is used to excite the gas which in turn S e
causes the metal be be ionized.

Light intensity is about 10-100 times greater but are not
as stable as HC lamps.

Prof .J. Al-Zehouri



.§ ‘; | pp| Lead

I_ Atomic numizer 82, Atomic wesght 207 2

STOCK SOLUTIONS
1,000 mg Pl lirm-1
DCissote 1.0000 g of lead metal in 50 mi ol 3M nivic acid. Diute fo 1 ire n a volumete: Rask with defonised water. Siane in a polythere >
j==hl}
or Dissofve 15980 g of ad nitraia (PO[WO, ) in 100 mi of deiansed waler. Diluoe fo | ling in @ volumenic lask with daionised watar
Shora rl:lpul:.rlhurru bottle
ORGANO-METALLIC STANDARD
Lags cpcihaxanabutyms (d-cpdiohmadbulyns 8o ead oall, or lead d-cydiobaxyibutyrate) iCgH, CH W CHDO0LPE
INSTRUMENTAL CONDITIONS
Prrcipal ing 21T Qe
Allpragive lings ZEN Y e {mere ey 25K les)
261 4 e sty G0 kg
8 A v (ReraEaly 1000 Bag)
Mazimum lamp Surrent 10 mA
FLAME
Bardpass 05mm
Fare lpe Airacehyfene, siochiometnc
Pl e 000 10 1,21 !
Lamp cument Bas: sansiiity T5% maximam
i Bt precision 100% maxmum
Sansiikity DA my b=t
Signal 5.4 mg =" ghves —0.48

Beotes: Thi sensilivity may be Sgeevad by about 20% gsng & 100 mom gkt Buinad, Th 2833 lee i ollen predermad for fouling
determinations because of tha higher intensity, and sa better signallo-roise rabg. Trere i inbererenca nom ex0ess amounts of AL 3,

ar, Mg and Ca
Trea gangliily oy be improved 1 0008 mg -7 pang e Siomed Tube Am Trap
FLAME EMISSION
Lsad gy Lol lalnrmingd i e erigson moda al 405 8 nm uging o gan niftous ceidelacalvane lama.
FURNACE
Eardpass 0.5 nm
Mgeiiim agh BT
Tyrézal abomise VAT Tawwaraliine Cantral

Carvete Elecirographile
Lamp qumant B0% famp: M
Spnsitiy 20pa

¢
Signal 20l ol 23 ng mi-" ghvak ~DTA
By Bachgegund comscton is nommaly requinsd bor P delarminglion a0 axtra care hould be 1aaen o snsrs e Aengss &
actLranaly signac T P algmee i a 3839 A 8 used 1 Cus'toma igh DRthGround SRanmans fom M Ramgls. Inmrenrce
can D owarcoms By s ol matis modifers such s ammenium rilran, lanhanim nieats of ascarss asid of by plarkm of probs
atomisatan. Measrgmanis am namaly carned gul in ninic ackd magium

CONTINUOUS FLOW VAPOUR SYSTEM

Barcpass 1.0 nm

L gurmant 5% famp g 96

'Th!! ] Fisensing o manca 1 .
e e s Prof .J. Al-Zehouri




Method I: Method of direct calibration

Prepare the solution of the substance being exa
solution) as prescribed. Prepare not fewer t
reference [standard] solutions of the el t e
determined the concentrations of whic n"the expected
value in the test solution. Any reageft ed in the
preparation of the test solution@@ded to the reference
[standard] and blank soluti e same concentration.
each reference [standard]
t at least three times and record
se the apparatus with blank solution

each time ertain that the reading returns to its initial
blank v a furnace is being used, it is %d between

rea@
; § 97
Prof .J. Al-Zehourl

the steady readin



Method I: Method of direct calibration

Prepare a calibration curve from t /7 of
the readings obtained with th

[standard] solutions and dete e z‘he
concentration of the ele @g the test
solution from the cur @ obtained.

If a solid sam » echn/que IS required, full
details of t e cedure to be followed are
prov e monograph.

08
Prof .J. Al-Zehourl
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Method II: Method of standard addition

Add to at least three similar volumetric flasks equal m@ of the
solution of the substance being examined (tes lUtior) prepared
Ssively larger

volumes of a reference [standard] solutio
concentration of the element being dets
series of solutions containing INCrez
element known to give respo he linear part of the curve.
Dilute the contents of eac 0 volume with solvent.

Introduce each of the.s tions Into the instrument at least three
times and re e steady reading. Rinse the apparatus with
solvent ea t and ascertain that the reading returns to its
initial b ’ @lle. If a furnace is being used, it is fired between

99
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Method II: Method of standard addition

sqguares fit and derive from it the concentrs
element to be determined in the tesi@ N

Alternatively, plot on a graph the m adings
against the added quantity of t ent to be

determined. Extrapolate the ki Ining the points on the

graph until it meets the tration axis. The distance
between this poin @@ Intersection of the axes
represents the co ration of the element being

determlned st solution.

cedure to be followed are provided in the -

? ‘ plmg technique is required, full details of
wid ¥
ograph Prof .J. Al-Zehour;i
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Atomic absorption =~

Advantages over emission
[ Fewer interferences
[ Less dependent on temperature

[ Most elements exhibit better sensitivity and acuraqy -
ppb range with +2% acwracy.

Disadvantages over emission

[ Metals only - most other elements form oxides to
rapidly.
[ Quantitative analysis only.

Prof .J. Al-Zehouri



Ascorbic Acid
Copper Not more than 5 ppm of Cu, determined by atomic absorption

spectrophotometry (Method I, 2.2.23). ‘\6
an

Test solution. Dissolve 2.0 g of the substance to be examined in 0.IM ‘ @
dilute to 25.0 ml with the same acid. @
Reference solutions. Prepare reference solutions contajpi , 0.4 ppm and 0.6
ppm of Cu by diluting copper standard solution (10 ppﬁ ith 0.IM nitric acra.

Measure the absorbance at 324.8 nm using a c r hellow-cathode lamp as a source
of radiation and an air-acetylene flame. Adju ro of the apparatus using 0.IM

nitric acid. &
N

Iron. Not more than 2 ppm of Fi pined by atomic absorption spectrophotometry

S o
d

(Method 1, 2.2.23).
Test solution. Dis the substance to be examined in 0.IM nitric acid and
dilute to 25.0 ® sadme acid.

Referenc @75. Prepare reference solutions containing 0.2 ppm, 0.4 ppm and 0.6
iluting /ron standard solution ( 20 ppm Fe) R with 0.IM nitric acrd.
MedSure the absorbance at 248.3 nm using an iron hollow-cathode lamp as a source of
radiation and an air-acetylene flame. Adjust the zero of the apparatus using 0. 1M Hitric




Calamine

atomic absorption spectrophotome endix Il D,
Method Il, measuring at 283.3 / nm and using
an air-acetylene flame. Care yoadd 5 g of the
substance being examineg{@-2
and allow to stand fo aours. Add 5 ml of nitric acid
and sufficient Wa% produce 200 ml. Use /ead
standard s 00 ppm Pb) suitably diluted with a

3.5% v/v % of nitric acid to prepare the standard

soluti @
<

— 1a1b1b1b’a1b1a1a X 4
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)
Atomic absorption ®®
spectrophotometry (AA%@
©

Principles

Atoms of metals are voIatiIis@S&ﬁ aflame
; ow band of

radiation produce ollow cathode
lamp, coated 'theparticular metal
being dete IS measured.

Applica ' harmaceutical analysis
Deter n of metal residues remaining
e manufacturing process in drugs.

Ol
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Strengths @
More sensitive than AES, A hi @W
specific method of analysi | In
some aspects of quall Ol

Limitations @

Only appliw@ metallic elements

Eacf@é@o t requires a different hollow
(t\é&% amp for its determination

PIS

105






