The absorption and emission of radijant ener
tools for both quantitative and qualitative an

gly by atoms provide powerful analytical
; a sy

i storplon S et s e S 2
are partlcularly useful for determining trace metals in liquids and 13; al;nost inde 'an(:mi
of the molec.ular form of metal in the sample. These methods are very sénsit?ve and
can detect different metals in concentrations as low as and frequently lower than
| ppm. The limitations of these methods are : | > y‘ .

i The.y have limited ability to distinguish among oxidation states and cnemical
environment of the analyte elements.

0 They are insensitive to non-metallic elements.

In flame emission spectroscopy, the concentration of the analyte present in sample
is proportional to the intensity of emitted radiation. In atomic absorption spectroscopy,
the concentration of analyte is measured by absorbance relating to the signal by

Beer-Lambert’s Law.

In these methods, the analytes in the solution are convened into atoms in vapour phase

freed from their chemical surroundings by means of combustion flames. These free

atoms are then transformed into excited electronic states by either absorption of additional
thermal- energy from flame or absorption of radiant energy from an external source

of radiation.
the energy from the flame supplies energy necessary

d atoms from ground state to excited states. These
s emit radiation and the intensity of radiation

In flame emission spectroscopy.
to move the electrons of the free
excited atoms while returning to ground state
is the basis for analytical determination.

(AAS), the flame that contain free atoms act as

In atomic absorption spectroscopy i
Sample cell. Thepfree at?)ms absorb radiations which ar;l: f;c“wdam ;l; :ﬁc;:gi;ozoﬁ
- &Xternal source. The incident radiation absorbefi bili;teiminaﬁon- ;
ground state to excited states is the basis for analytical ;
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Flame Emission an.
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the sample solution is introduced as an aerosol into the

d into free atoms. The free atoms are then g

> methods, t
the analyte ions are converte
~ determined quantitatively.

il
i

The various steps involved in analysis Qf components by flame spectrqmetric methods\a,;
(i) = Delivering the analyte to the flame. .
(i) Inducing the spectral transitions necessary for the determination of the analﬁ_
(iii) Isolating the spectral lines required for analysis. :
(iv) Detecting the increase or decrease in intensity of radiation at the isolated lines,
(v) Recording the intensity data.

Pretreatment of Samble :

The analyte is to be dissolved in a solution in order to undergo nebulization and j
suitable to the flame. The analyte must be free from substances which interfere wif
absorption or emission measurements and they must be removed or masked if present

in the analyte. The reagents employed to dissolve samples must not contain interfering
substances. |

Delivery of Samples :

The device that is used to deliver the sample into the flame plays an important role i
determining the accuracy of analysis. The most popular method is nebulizationof

liqud sample to provide a steady flow of aerosol into a flame. The delivering device fo
. liquid samples consists of three components.

(i) A nebulizer to break up the liquid into small droplets.

(i) An aerosol modifier to remove large droplets from the stream and allow ol
droplets smaller than a certain size to pass, and

(i) The flame or atomizer to convert the analyte into free atoms.

Nebulization :

Pneumatic nebulization technique is used in most atomic spectroscopy determinatio®
The sample solution is introduced through an orfice into a high velocity g”jd'
usually the oxidant The sample stream may be introduced into the gas stream in o
a pa.rallel or perpendicular manner. The sample solution is drawn %hrough the
capnl.lary by the difference in pressure generated by the high-velocity gas sm‘
passing over the sample orfice. The sample stream begins to oscillate Pfod"‘
filaments, whl_ch collapse to form droplets in the aerosol modifier or spray chambef-

In the aerosol modifier, the large droplets are removed from the sample St ﬂq

mixer paddles or broken into smali droplets by impact beads on wall surfac®

final aerosol formed in form of fine mist i - :
A mist . s
carried into the burner. st Is combined with oxidizer / fuel
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™ atomizati‘on Step converts t},

~ analysis. Very small sample Volumes
 electrothermal methods,

given analysis.

Burners :

Bur.ner plays an important role in flame photometry as it helps in producing flame.
Various types of burners which utilize different combinations of fuel and oxidant are
as follows :

Types of Burners :

o

The various burners used are : Mecker burner, total consumption burner, premix burner
(or Laminar flow burner), Lundergraph burner. : :

(a) Mecker Burner : This burner utilizes natural gas (fuel) along with oxygen
(oxidant). It is employed for the determination of alkali metals only because of

two reasons;
(i) It produces very low temperature.

(ii) It has low excitaton energies.

The flame produced by this burner consist of two different regic?ns i.e., oxidising
and reducing respectively. These regions effect the excntatlpn‘ process and
produce different concentrations of excited atoms. Due to the above reasons,

this burner is not used currently. iy
This burner uses hydrogen (fl;e'])) alongl.WiF:

; . roduce hot flame. In this type o . umer, _lqu1
::rﬁ?: (f?lz;d::;)J:idzlie;rzoiﬁtroduced into the burner th}r;outgh ,c:,f:::::; ll?(llitlz
Fuel ai;d oxidant are burnt together to pfodpce ﬂarrlle athtner;;zhes grie o
sample is drawn from the bottom- This liquid sample lw iito e o
the ﬂame-, oxygen (oxidant)'aspirates the lquid sampie :

i ' followed by their excitation. ‘
residue left is further reduced into atoms .
L &  PULSE PUBLICATIONS

(b) Total Consumption Burner :

B S




-

T Ch.ambcr.

=
Air used for °<|>°3 o| _ Large droplets e Baffles
aspiration o $%6 of the sample

- drains off

Advantages :

(i) The total amount of sample enterin

g the inlet completely aspirates, irrespective
of the droplet size.

(ii) There is no chance of occurrence of hazards,
(iii) Simple in design.

Disadvantages :

(i) Burner produces lot of noise.

(ii) Flame is turbulent.

~ Due to the above disadvanta

g¢s, use of this burner is reduced and has been l'epwed ;
by other burners, . ‘

: Premix burner is also c&“’.d |
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Advantages :

(i) Flame produced is stable

|
|
|
|
|
i
|

(ii) It is a quiet process i.e., the burner does not produce noise.

(iii) Non-turbulent flame is produced.

(iv) Effective atomization of the sample takes place.
ur.

-

(v) Clogging of the sample_'solution does not occ

Disadvantages :

ing the
) Mi different volatilities when used in preparing
R of bt havmg :nore volatile solvent vaporizes quickly, leaving

sample creates problem The i solvent. o rqsult, s nnikis 0 it | s

behind the residue in less VO
reach the flame.

so reduced duﬁ to the presenc; of two solvents in__

at results

(“) Intensity of emission is al
rre
the sample solution. This intrun gives inco |

oceur in the mlxmg ohamb er “M‘-,

‘1) Exploswn may g
‘ sampleas wnstad* i, 4

{iv) Sensitivity is lost because lot of



| yraph Burner : The sample used in this type of burner ould

ﬂ. The liquid sample is drawn into the spray chamber of t
Jarge droplets are condensed and subsequently drained off. Wherea
droplets (in vaporized form), forms a cloud and reach ttle base of th ,
atomization and excitation take place in the flame. Only 5% of the sample :
flame whereas the rest of the sample is drained. in condensed fon |
beads. ultrasonic vibrators and thermospray heaters are the dewmk
used to enhance the nebulization (i.e., change of liquid 'sample into fine gen
process.

Advantages :

(1) It is a quiet process.

(i) Efficiency is more because of the use of impact beads.
Disadvantages :

(i) Efficiency of atomization along with sensitivity is lost, bepause, le_rss samp
reaches the flame.

(i) It is not applicable when two solvents are present in the sample solutign
This is because more volatile solvent is vapourized quickly leaving behin
the residue in less volatile solvent. As a result, the intensity of emission
gets reduced and the results obtained are incorrect. '

Temperature of the Flame :

Flame temperature plays a very critical role in flame photometry. The temperaturedl
the flame depends on the type of fuel and oxidant used. It should be within a ranged

1000 — 3000° C. Various combination of fuels and oxidants used in flame phOtomﬂ
are listed below :

% -(r)iti);:r;tFuel & Mixture of Fuel and Oxidant ~ Temperaiuﬂg)/
Mixtures Hydrogen + Oxygen 2800

Hydrogen + Air - 2100
Acetylene (C,H,) + Oxygen 3000
Acetylene (C,H,) + Air 2200
Propane (C;Hg) + Oxygen 2800
Propane (C3Hg) + Ailr b T 1900
Butane (C4H,¢) + Oxygen | 2900

' Butane (CHip) + Air: ' 1000
Cyanogen gas (C,N,) + Oxygen : 4580

Note ¢ By using the combination of cyanogen (fuel) and oxygen (0’u

‘temperature of the flame j.e. , 4580°C can be obtamed The m
fuels are acetylene and hydrogen :
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~ In electrothermal atomizgy; I

{ 1 2 a
heated carbon atomizer, A wide var; Yte atomg can b
or no pretreatment, €ty of samples can

: Th¢ features of'electrothermal an
1. . Highsensitivity
2. Ability to handle sma|j sample yo|
3. Ability to analyze solid samples

€ pro

i uced by an electncally :

andled directly with [itgle

alysis are -

~ Spectrometers :

The components used to i 1

solate desired wavelength f i i 7

: : or specific determinati imilar
to those used in ultraviolet and visible spectrdphotometefsp RS ll"

Detectors :

The detectors help in measuring the intensity of radiation falling on them from the
SOUI.‘CG. The detector should be sensitive to all the radiations (of different wavelength)
falhng on it. Photomultiplier detector is generally used in flame photometry as it
produces electrical signals when the radiations fall on them. '

_INTERFERENCES

The sample solution contains other materials alon
The presence of this extraneous material in the sam
These interferences causes inaccuracy in measuring
Proper care should be taken to avoid intereferences, so that go

be obtained.

Various types of intereferences occuring in flame

g with the element to be analysed.
ple solution results in interferences. '
the intensity of desired radiation.
od analytical results can

photometry are as follows :

L. Spectral interferences.

2. Chemical interferences.
(@) Anion interferences.
(b) Cation interferences.
3' Interference due to ionization-

Background absorption interfe ; |
Interference due to oxide formation. . PULSE PUBUCATm

rences.

’
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rences : The various spectral inte
‘() The spectra obtained from the two components have diff
* but partial overlapping of these spectra (from two componen
" This overlapping of spectra results in interference. The dets
distinguish between the sources of radiation (element to bé‘:‘
extraneous material) and records the total signal which
High temperature of the flame results in spectral interference be
number of spectral lines are produced. '

- Examples :

(i) Iron emits the radiation (spectrum) at 3247.28 A° which is p:i(
by radiation emitted by copper at 3247.54 A°. :

(i) Iron emits the radiation at 2852.13 A° which is overlapped by ""'q.i
emitted by magnesium at 2852.12 A°. 3

Correction : This spectral interference can be avoided by re_mov_l
_interfering element by extraction method or by using calibratgpnxé'
This calibration curve is obtained by using standard solution whic
interfering element in the same quantity as that of the element to be anal

(b) Spectra of two or more elements having wavelengths differing o'r.ily"
A° also results in inferference. The spectra of these elements do not
each other. Interference occurs due to the filters used in flame photomet

them. When these spectral lines fall on detector, it gives incorrect result

- Correction : This type of spectral interference can be avoided by i

the resolution power of spectral isolation system i.e., filter ord
monochromators. ‘

(c) Spectral interferences also arises due to the presence of high con

‘ of salts (alkali and alkaline ‘metals) in the sample solution. These sah&
radiations which results in continuous background. This con'
background interferes with the desired spectral lines and €
interference. Organic solvents like methylisobutyl ketone also give
continuous background. These solvents alters the viscosity
tension of the solution. This alteration influences the rate at which

is fed into the flame. As a result, intensity of emitted radiation
~ element is influenced. ; ‘ B

Correction : By the use of scanning techniques, this type of
be avoided.

|

2 Chemical Interferences : These type of interferences occur

“between the atoms to be analysed and other materials present in
are of two types : | e



(b) Cation Interferernce * The presence of certain cétibhs i the e

solution results in interference, A
1 : - AS a result, there is a decrease in the i
of radiation emitted by the element to be determined. ' th:c g

Examples :

(i) The signal intensity of aluminium (element to be determ.ined)vreduces.
due to the presence of calcium and magnesium in the sample solution.

(i)  Sodium interferes with potassium.

3. Interference due to Ionization : Atoms undergo ionization at high temperature.
The ion formed is capable of producing its individual emission spectrum with
frequencies different from those of the atomic spectrum of the same element.

-As a result, the radiant power of atomic emission is reduced. :

| Example . Sodium metal undergoes ionization and forms sodium ions.

Na \—'——\‘— Na* + e ‘ |
Correction : The ionization of sodium can be prevented by adding more qua}r}t_ntl}tr. :
of potassium salt to the sample as well as standard solutions. Potassium itse
the ionization of sodium and enhancing

undergoes ionization, thereby preventing

its emission. . R

4, Background Absorption Interferences : Tht?se tYP: ;:,s::ption of radiations by
1o nature of the flame, sample matrix, scaftering ?nsomfion, o |
g ‘ el in the sample SOI= = ;
similar alkali salts mainly halides present N

: i 2 in Of radiatlon
Flame background occurs due 0 ScatI:?hfiQUe. By usin

c i ing base line ,
. e s by i bt e, o
Or reduces the luminescence- Bub : o
Insensitivity, :
"ﬁc“"'"ection . This type of inte
°Nochromators.

reference €an be avoided by

es occur due .

)

g radiation buffers, the
interactions, either increases




Flame Emission Spectroscopy :

5. Intereference due to Oxide Formation : This type of inte

~seen in the alkaline earth metals. These metals form stable
present in the flame. The formation of oxides lead to reduction i
emission since most of the free metals are removed from the flame g,

of oxides. :
Corl:ection : By using very high temperature flames, oxides cap ‘
into free metal atoms which undergo the process of excitation,

of overcoming this intereference is by using oxygen free a,tmosphere, 4
metal atoms does not form oxides and produce excited atoms.

In this technique, the sample solution is nebulized and introduced into the flame

the solvent is removed, vaporized and atomized rapidly. Atoms and moleculm_ are i
to excited states by thermal collissions with the constituents of the flame gases, y,
they return to lower or ground state, the excited atoms and molecules emit ragis
characteristic of the sample components. The emitted radiation is detectedy
measured by means of spectrophotometric arrangement as in UV-Visible spe

photometer. The wavelengths emitted usually fall in UV-Visible region and can}
detected by photomultiplier tube. :

Atomic Absorption Spectroscopy : In this technique, the analysis of a sample is divi
into two major processes - :

1. The production of free atoms from sample, and ’
2.  The absorption of radiation by atoms from an external source.

The analyte is converted into free atoms in the flame. The free atoms absotb ad#®
from an external source and rise to the excited state from ground state.

. : L O
The atomic absorption spectrum of an element consists of series of rcsqnance .
which are originated with the ground electronic state and terminated in varioss §

states. The transition between the ground state and the first excited state iS knOpM "
first resonance line and it is

of a element decreases as t
state increases.

the line which is having strong absorptivity. The and"‘d

he energy difference between the ground state




‘ thods are mainly used to detect the tr;ce

plications of Flame Emission Spectrogeopy

Qualitative Determiration ; pjap, -
: 9 € photomet o :

from group IA and 1IA, mainly bariym calci Y s in detecting the elements

sodium and strontium, : um, lithium, magnesium, potassium,

2 Quantitative Determinatiop - This is
one of th icati
flame photometry. Apart from determining eleme:tsm f(:f)tmu:f:xl ar:hcadml,ln.: i
p IA and IIA, it

determines
nlso .Other'elements, such as aluminium, anti Shpars:
iron, lead, palladium, nicke] etc. » antimony, arsenic, bismuth,

The main procedure used for carrying out i o

= . , Quantitative determination is the
solution is first aspira'ted into the flame. Then intensity of the-emitted radiai?::ipi:
measured which determines the concentration of the sample

Th; ]cli(i)g:r ent methods by which quantitative determination can be carried out, are
as 10 . : o :

(@) Method of direct comparison. s
' (b) Method of calibration curve. i

(c) Method of standard addition.
(d) Method of internal standard.

(@) Method of Direct Comparison : In this method, the flame intensity due to
sample solution is compared to that of the standard solution. The concentration of

the ion in the sample solution can be determined by the formula give below.

% of flame intensity .
Concentration of ion

Concentration of ion to be fromsample
— X . .
analysed i leiidm T in standard solution
g ‘ % of flame intensity .
: from standard

Advantages :

(i) This method requires less time for analysis. ;
(i)) There is no need of preparing more number of standard solutions. .

y deviation from the linear region of the concentrations of
d to errors. |
- ® Methog of Calibration Curve : Standard solutions which Fonzniéi tllig e]lgmggt
25 jg/ml etc). Then a calibration CUrve is obtam; : yop; Mg e e
Oncentration and flame intensity. ith the‘_ edp o !
. Soncentration of the sample solution ¢an be determine ; .

: PULSE PUBLICATIONS

Disadvantage : An ‘
standard and sample solution may lea



ﬂ’he Var;ous solutions contammg unknown element (z) al
~ amounts of standard substance (A) are prepared These solutions
~ the flame and thelr emission intensitites are determined. :

- A graph s plotted between the emission intensity and concentration.
i / - 7 —> Unknown element

55+ A — Standard substance

50
45
40

Concentration of |
the unknown .,20'
element (2) P
f 10 1
X - —oy + ; + :
-50 -40 -30 -20 -10 O 10 20 30 40 350

-— Concentration pg/m| —»

«— Emission Intensity —»

-+

-+
v
>

(z + A), (z + 2A) and (z + 3A) are the increasing amounts of standard o
and unknown element z in a solution. -

From the above graph, the concentration of the sample sclution £
unknown element (7) can be determined. This can be obtained through
of the curve on the negative axis of the concentration.

Advantages :

(a) Sample solutions containing even minute concentrations of the

be easily determined by this method.
- (b) Elements which are difficult 1o analyse can be easily determined.
(© Wummmmmuxm olutio
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lutions (of
st dard s lution °°"tamingf'
quantity are prepared. These stand
their intensities are measured,

* Then, the sample solutions of unknown
~and their intensities are measureq. Rat

solutions is calculated. Calibratio o 801 le and standard

 curve is obtained
ratio of thirtzvo intensities of y-axis and concen&anonbz”ﬂptﬁg zlt:gfaph betwm_
the concentrations of the samples can be determined by their si 'Sl mrom Ifym curve, ,

Internal standard element (j.e. lithi
u
should possess the following propemeI: or any other element) used in this method

(i) It should be present in negllglble amount in the orignal solutlon

(i) The fem1551on line obtained by internal standard él"eménlt'shéuld'réac’t to .
1r]1ter erences in the same way as that of emission lme obtamed from unknown -
element. : ' ~

Analyms of Multielement :

Flame photometry also helps in snmultaneous multlelement analys:s This analysmcan :
be done by twe methods, namely : - ~ | |

(a) Mitchell et. al, method

- (b) Busch et.al,, method : | N - G
(a) Mitchell et.al., Method : In this method, v1dlcon detectlon system was used

along with 0.25m monochromator. This detector helps in the detection of wavelength
ranging from 20 - 168" A% Around ten elements can be determmed at a_t;_me by

this method.

(b) Busch et. al., Method :
used along with 0.5m monochromator.
This method can be employed for the detection 0O
potassium, molybdenum, iron, titanium, mangﬁmﬁse

L sample solution.

| Apblications : N K,
n determmlﬂg 3,
(@ (i) Flame photometry method hel a;;lms of soil.

din
biological fluids, tissues an
also used in the Jetermination of elements hkg Na,K,
o Flame photometry s troleum products, agronomic mate:

Co and Fe in glass, cement’azemduslnal PllfP"ses . g
water used for na P

In this method vidicon detector wuh silicon diode is "
Each time eight € elements can be determined.
f elements like aluminium,

and calclum present in the E

Al, Ca, Co and Fe m[

‘ : e..
3 S . non metals 1- ’
It is used in detecting rals

radiations emitted by thesé nor



Atomi &Imrpﬁon Spectroscopy :
| m are some of the applications of Atomic absorption sg
R m of trace elements in body fluids. .
Estimation of elements like copper, nickel and zinc in food prodncn,

Estimation of zinc in insulin injection.

. 4. Estimation of mercury in thiomersal solutions.

T &

Estimation of elements in soil samples, water supply, effluents,




