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Atomic Spectroscopy for Metal Analysis

Introduction to the Principles of Atomic Spectroscopy

» 3 major types of atomic spectroscopy:

» Absorption — light of a wavelength characteristic of the element of
interest radiates through the atom vapor. The atoms absorb some of
the light. The amount absorbed is measured.

__» Emission — sample is heated to excitation/ionization of the sample
4@ atoms. Excited and ionized atoms decay to a lower energy state
‘ through emission. Intensity of the light emitted is measured.

“» Fluorescence — a short wavelength is absorbed by the sample atoms,
a longer wavelength (lower energy) radiation characteristic of the
element is emitted and measured
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Figure 8.4 Three types of spectroscopy—absorption, emission, and fluorescence
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» The effective line width in terms of wavelength units is
equal to DI, and is defined as the width of the line, in

wavelength units, measured at one half maximum signal (P).

» The guestion which needs a definite answer i1s what causes

@atomic line to become broad ?
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Reasons for Atomic Line Broadening

1. The Uncertainty Principle

We have seen earlier that Heisenberg uncertainty principle suggests that nature

places limits on the precision by which two interrelated physical quantities
can be measured. It is not easy, will have some uncertainty, to calculate the

energy required for a transition when the lifetime of the excited state is

sh
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» The ground state lifetime is long but the lifetime of the excited state is

very short which suggests that there is an uncertainty in the calculation of

the transition time. We have seen earlier that when we are to estimate the

energy of a transition and thus the wavelength (line width), it is required
that the two states where a transition takes place should have infinite

lifetimes for the uncertainty in energy (or wavelength) to be zero:

DE>h/Dt

Therefore, atomic lines should have some broadening due to uncertainty in

thedifetime of the excited state.

The broadening resulting from the uncertainty principle is referred to as

natural line width and is unavoidable.
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v' Lorentz broadening: Collisions of different molecules in hight
concentration.

v’ Stark broadening: Collisions of charged particles.

v" Vandevals effect : Collisions of no charged(neutrals) particles.

v H@Zmark broadening: Collisions of same atomes.
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Atomic Absorption Spectroscopy(AAS)
Theory & Principle of OPERATION

« AAS is an analytical technique that measures the concentrations of
elements.

« It makes use of the absorption of light by these elements in order to
measure their concentration .

. Atomlc -absorption spectroscopy quantifies the absorption of ground state
atoms in the gaseous state .

- -‘Mgatoms absorb UV or Vis light and make transitions to higher
electronic energy levels .

The analyte concentration is determined from the amount of absorption.
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Basic AA Design

» First instruments were DIRECT
Current(DC), SINGL E Beam designs

> Next generation were
ALTERNATINGCurrent(AC)to try to
cont ate for high Drift & Instability

4

»

into a “ODOUBLE Beam” path to fully
correct for Noise, Drift & Errors
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Single Beam Systems

v The light source comprising of a hollow cathode lamp emits sharp atomic
line of the element whose determination is required.

v' The light is modulated (switched on and off) rapidly by means of a
rotating chopper located between the light source and the flame.

N

4 I?dulation can also be achieved by pulsing the power (switched on and
offrapidly) to the light source.

14
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» Modulation serves to differentiate the light coming from the
source lamp, from the emission and from the flame.

» The modulated light is led to the flame where ground state atoms
of the element of interest are present and after absorption is led to
the monochromator which isolates the wavelength of interest

which is then led to the detector.

15
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» Advantages of Single Beam Systems

v" Single beam instruments are less expensive

v High energy throughput due to non-splitting of source beam results in high
sensitivity of detection

» Disadvantages

v “Instability due to lack of compensation for disturbances like electronic circuit
fluc{‘atlons voltage fluctuations, mechanical component’s instability or drift
in energy of light sources. Such drifts result in abnormal fluctuations in the

results.

16
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» The light beam from the source is split into sample beam and reference beam

by the mechanical chopper.
v The reference beam monitors the lamp energy.
v’ The sample beam reflects sample absorption.

>Thé&)served absorbance measurement is the ratio of the sample and
reference beams which are recombined before moving to the monochromator.
» This arrangement compensates the effects due to drift in lamp intensity,
electronic and mechanical fluctuations which affect both the sample and

18
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’:’Advantages of Double Beam Systems

« Modern improvements in optics permit high level of automation and offer the
same or even better level of detection as compared to earlier single beam
systems. Instability factors due to lamp drift, stray light, voltage fluctuations
do not affect the measurement in real-time.

« Little or no lamp warm up time is required. This not only improves
throughput of results but also conserves lamp life.

.

A 1h

. The'eost factor is more than offset by the advantages offered by modern
double beam systems and therefore these have become the preferred choice.

19
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Basic SPECTROMETER Design

All Analytical Spectrometers have several BASIC design components in common:

Light Source(HCL in FAAS)

Sample “Chamber” or Atomizer (atom cell)

& » Optical System (Monochromator)
{ « Detector(E.g. Photomultiplier)
W - Output (Read out)

20
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The simple diagram for the AAS

4. The element in the sample
will absorb some of the light,
thus reducing its intensity
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Light source

The main sources used for atomic absorption:
1.Hollow cathode lamp (HCL): low intensity and short lamp lifetime

2.Electrodeless discharge lamp (EDL):more intense than hollow cathode lamps

\/Th@“ow cathode lamp is an excellent, bright, stable line source for most
elements.

/EDt'gvare typically more intense than hollow cathode lamps and, therefore,
may offer better precision and lower detection limits for some elements.

24
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» The cathode is a hollowed-out cylinder constructed entirely or in part of the

metal whose spectrum is to be produced.
» The anode and cathode are sealed in a glass cylinder filled with neon or argon.

v’ The glass cylinder has a quartz or UV glass window for optimum

transmittance of the emitted radiation.

o

v The optimum fill gas is selected that gives the best lamp intensity while taking

intd'eonsideration spectral interferences from either neon or argon.

v A red glow is observed in lamps filled with 77¢0n, while argon filled lamps have

a blue glow. 25
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Hollow Cathode Lamp
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An electrical potential is applied between the anode and cathode and some of
the fill gas atoms are ionized.

Sputtering. The positively charged ions collide with the negatively charged
cathode and dislodge metal atoms in a process called *'sputtering.*”

Excitation & Emission. Sputtered metal atoms are further excited to emission
through impact with the fill gas.

Hollow cathode lamps have a finite lifetime. With extended use, the sputtering
prc%%si{s removes some of the metal atoms from the cathode and these are
deposited elsewhere.

Fillhgas is absorbed in the sputtered metal, on the glass walls and also
absorbed into the glass from bombardment.

Lamps for volatile elements age faster due to more rapid sputtering of the

cathode. 29
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Process: 1.ionizesin




Multielement Lamps

v The cathode of a hollow cathode lamp is generally constructed
from a very pure metal resulting in a very pure emission
spectrum.

v It is possible to construct a cathode from a mixture or alloy of
several metals. The resulting "multielement™ lamp can be used as
a source for all the metals contained in the cathode.

A
41:5:"_?'
7(7 2 g

v There is a wide variety of multielement lamp combinations
aydilable.

v Not all metals can be used in combination due to metallurgical

properties or spectral limitations. .
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Single-Element or Multielement Lamp?

The emission intensity for a particular element in a multielement lamp is not as
great as that for the same element in a single-element lamp. This can result in a
poorer signal/noise ratio which can influence the precision of analyses and the
detection limit.

When working close to the detection limit or when the best precision is
required, select a single-element lamp.

If economics is a problem, one multielement lamp can take the place of several
ingleselement lamps.

A Mmultielement lamp is adequate for routine analyses that are well above the
detgetion limit.

If a backup lamp is necessary for a specific determination, a multielement
lamp is ideal.

If an infrequent analytical determination is required for several elemegts, a
multielement lamp can offer considerable savings.
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Lamp Current

» The label on each hollow cathode lamp gives an operating and maximum
current.

» The recommended operating currents are those which have been found
through experience to be appropriate for most analytical situations.

» However, you may find by making tests that it is possible to get satisfactory
analytical results with a particular lamp run at less than the recommended
current.

> Rurﬁng at lower current reduces the light output and therefore requires a
higher gain setting of the instrument, but it does not harm the lamp in any

wayke

» On the contrary, it will extend the lamp life. Therefore, if you find that the
performance (precision) is not poorer when using slightly lower currents than

recommended, by all means do so. 2
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» As a hollow cathode lamp ages, it may be necessary to increase the lamp
current to the maximum current rating to give additional element light
emission to equal that originally obtained when the lamp was new.

» While this will somewhat accelerate the aging of the lamp, it is a necessary
compromise to obtain enough element emission for good performance.

» Analytical sensitivity may be poorer at higher current settings.

» Lamps should never be operated above the maximum current rating, as this
will dramatically shorten lamp life.

» Hollow cathode lamp failure occurs when the fill gas is gradually captured on
the ianer surfaces of the lamp and, finally, the lamp will no longer light.

¢

» Higher lamp currents accelerate gas depletion and cathode''sputtering™ and
should be avoided until the age of the lamp requires a current increase.

35
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Warm-Up Time

« The time needed for a hollow cathode lamp to reach a constant emission

intensity is short, and with a double-beam instrument no warm-up is required.

« With single-beam instruments, a short warm-up period is recommended.

@

2
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Source Modulation (spectral interference due to flame)

- problem with working with flame in AA is that light from flame and light source both reach
detector

- measure small signal from large background
- need to subtract out flames to get only light source signal (P/P,)

/. Mechanical Modulatio

Done by chopping signal:

Flame + P /___"""-_\

Half-silvered

] mirror
Mirror Open
& Flame only
. P Flame + P
ii. Electrical Modulatio m
Use an AC electrical source for lamp
modulating P from lamp: \
Flame only -
, time
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Electrodeless Discharge Lamps (EDLS):

These provide radiant intensities that are usually one to two orders of

magnitude greater than hollow cathode lamps. A typical lamp is
constructed from a sealed quartz tube containing a few torr of an inert gas
such as argon and a small quantity of the metal (or its salt) whose

trum is of interest.

41
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“SAMPLE” chamber or Atomizer to deliver the Solution is made of :

1. DYNAMIC NEBULIZER
2. SPRAY CHAMBER
3. BURNER HEAD

ATOMIZATION PROCESS

ATOMIZATION PRODUCTION OF
VAPORIZATION l~lElJ“l;l1=l_3l‘-‘l gREE
EVAPORATION
3 S AN
MIXING FLOW

T

NEBULIZATION FORMATION OF

FINE MIST




BURNER HEAD uses Dynamic Impact-Bead NEBULIZER for maximum

Sample Aerosol delivery to Flame for ALL types of Solutions (high salt,

organic)
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Adjustable SL/7Sare used to increase the Resolution / Separation of

HCL signals from Metals with “rich” Spectra (many lines); such as Fe,

Ni, Mn & Co




DETECTOR

The DETECTOR used to measure the Absorbance SIGNAL is a high-Gain /
low-Noise Photo-Multiplier Tube (PMT) that is OPTIMIZED for the UV

region
‘.)..'«77.
S8 / N . \
a2 B A
%-—o- [ \ L
VU A
B by S
| R | R | R | R &
v 144 |+ |R&| H— +
/\]
5559 - 4+



inter or be
Printer

ntto a

ATA OUTPUanhics LCDL;iuS’ ete

Dtly from therc()igss In Excel,

irectly fr
can be reada?:,rASC” Miejan
uT er as
OuTP omput
ferre
trans

s from, Calculat:on:
Dag,. Cup, Name Cong Abg
151 BLa Nk 0. 000q 1% 00gg
152 Stll~1 1 0000 0.7 1463
153 Sty 2, 000q 0.2 914
154 Styg.5 . 000q 0.504
155 Stq. 4 0.0g9 87133
May Conc: 10, [11/] Ppm Cong Coef. 8. 08529 bp, Cory Cog, 0 99g7
C2: 0.17850.9 3: 093452 C1: 00gg ®slope Sty. 10 g,
Curve Fi Second Order
Eng Of Re, gy
# 783 ers:on 3 2:5?: 14 p, D, 19, 20¢,
Sampl Report
Unple Tp: &N Enwro Arap,. [/} th Flame Lamp 2
Ang- Cr-02-358-Lib3 amy,, r\Bucthc: Way, 357, nm Stiy.
Bkg Corr: N Wige Pig Moy, be Uppr. Lo
3 Peay Hey Urp. 10, ma Energy: 3 Tgy: o Lee T
Lanp 3
S Mot e Rer Time ¢ Samp;, eNlratie, Abg Bhg g
244.8 Lil 02 1 2:57:23 Py 154 B Nk 0.95 Ppy 0.0093 0.9 18
- *""gﬁﬂl Ni BB 2 12:57:43 Py 154 & 5.08 Ppry 0.5020 0 0029
N"""; So- 2 12:57:58 Py 1 ffluent 37 66 Ppm 0, 0835 0, 0095
filiene 4 12:58:04 Py 59 ? ppm 0.065, 0.07g,
= 1250 R Py S 0.64 Ppm O62g Ooge
! n=3 Avg . 0665 Ppy Sd = 0.0 Rsp . 83,
ity 733
1 (]}

hoo.com
h@ya
:A.Sorkhe

By:A.

48



4

By:A.Sorkheh@yahoo.com

e

L

4

4

49



AA Techniques(Atomizers)

There are several MODES of Analysis for Atomic Absorption
Spectroscopy:

» Flame AAS
» Graphite Furnace AAS
@ » Hydride Generation AAS

» Cold-Vapor Mercury AAS

By:A.Sorkheh@yahoo.com
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TRV TS

AA Techniques

> Flame AAS

Air-Acetylene (~21000C) or Nitrous Oxide (~23000C) Flames allow the determination

of most Metals with high-PPB / low-PPM Detection Limits
Simplest atomization of gas/solution/solid
Laminar flow burner - stable "'sheet™ of flame

Flame atomization best for reproducibility (precision) (<1%b)

Relatively insensitive - incomplete volatilization, short time in flame

light source

sarmple

atomic cell

detector




Flame Atomizers (Continuous Atomizers)

Burner Assembly:
Design: Polyethylene Pre-mix chamber, glass impact bead dispersion

Burner Head: Titanium; air-acetylene head - 4" x 0.026" single slot(nitrous
oxide head - 2" x 0.019" single slot)

Adjustments: Horizontal g

1.  The simplest is a twurbulent flow burner that is very similar to

@ventional Bunsen burner. This type of burner suffers from
fl\uctuations in temperature since there is no good mechanism for
'i’iﬁ‘fnogeneous mixing of fuel and oxidant. The drop size of nebulized
sample is also inhomogeneous which adds to fluctuations in signal. The
path length of radiation through the flame is small which suggests a lower

sensitivity of the technique. oY
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» Turbulent flow burners are also susceptible to flashback. These
drawbacks were overcome using the most widely used laminar flow
burner where quite flames and long path length are obtained.
Flashback is avoided and very homogeneous mixing between fuel,
oxidant, and droplets take place. Larger droplets are excluded and
directed to a waste container. A schematic representation of the
burner is shown below:

@

oy
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5. It burns as a smooth, laminar flame
evenly distributed along a narrow slot.

Nebulizer

1. mixes acetylene (the fuel)
and oxidant
(air or nitrous oxide).

Fuel y W

Nebulizer
adjusting knob

Sample
capillary

6. Liquid sample not flowing into
the flame collects in the waste.

Nebulizer l

Flow spoiler
retaining screw

\

To waste
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Description

1 Mixing paddle, fluorinated, 1/pk
Mixing paddles, fluorinated, 5/pk

2 Mark 7 air/acetylene burner
Mark 7 nitrous oxide/acetylene burner

Not Burner cleaning and alignment card, 100/pk

Shown

7 Spray chamber body, fluorinated

11 Pressure relief bung, fluorinated
O-ring for spray chamber bung, nitrile for
aqueous solutions
O-ring for spray chamber bung, organic solvent
compatible

18 Kit, fluorinated liquid trap, drain tube with
integrated float and magnet

22 O-ring spray chamber, nitrile
O-ring spray chamber, organic solvent
compatible

23 O-ring burner base, nitrile for agueous solutions

O-ring burner base, organic solvent compatible




Exploded view of nebulizer block from the spray chamber
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Description

Spray chamber screw mounting

Nebulizer block, fluorinated (excludes integrated nebulizer)

Clamp bead adjuster

Screw bead adjuster

Nebulizer capillary guide

Kit, fluorinated liquid trap, drain tube with integrated float and magnet
Venturi nebulizer, PEEK

Clamp bush guide

Screw capillary adjuster
Nut lock M12 x 0.5

Bearing bush nebulizer

Screw lock dog point M8

Screw M6 x 6 Ertalyte

Kit, fluorinated liquid trap, drain tube with integrated float and magnet

Spring nebulizer

O-ring screw bead adjuster, nitrile

O-ring screw bead adjuster organic solvent compatible

O-ring 1/32 in id x 3/32 in od x 1/32 in nitrile

O-ring 3/16 in id x 5/16 in od x 1/16 in nitrile

O-ring 3/16 in id x 5/16 in od x 1/16 in organic solvent compatible

Nebulizer Capillary Kit Includes capillary assembly, capillary guide, nebulizer spring, nebulizer
cleaning wire ,Hi-\Vac capillary tubing and standard capillary tubing

Glass impact beads, 5/pk

PTFE impact beads (for use with HF digests), 5/pk

Mark 7 O-ring Kit, for aqueous samples. Includes O-rings to suit screw bead adjuster (1 ea),
nebulizer capillary assembly (1 ea), capillary guide and venturi (7 ea), spray chamber bung and
burner (3 ea), and nebulizer block (1 ea).

Mark 7 O-ring Kit, for organic solvents. Includes O-rings to suit screw bead adjuster (1 ea),
nebulizer capillary assembly (1 ea), capillary guide and venturi (2 ea), spray chamber bung and
burner (2 ea), and nebulizer block (1 ea).

Drain tubing for aqueous solutions, per meter, 2 m length required

Drain tubing for organic solvents, nitrile rubber, per meter, 2 m length required

Venturi extraction tool

Nebulizer capillary extraction tool




Advantages:

1. Uniform dropsize
2. Homogeneous flame

3. Quiet flame and a long path length

Disadvantages:
4@ 1. Flash back if Vpyming > Viiow

: 2. ~90% of sample is lost
b

3. Large mixing volume

Bv:A.Sorkheh@vyahoo.com
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»ELAMES in AAS

I.  Different mixes and flow rates give different temperature profile in flame
- gives different degrees of excitation of compounds in path of light source

Maximum ol 7 1750
Burning 1ean
Temperature, Velocity, L.
Fuel Oxidant o€ cms ! _ 40 Y /1830
Natural gas  Air 1700-1900 943 F
Natural gas Oxygen 2700-2800 370-390
Hydrogen Air 2000-2100 300440 [
Hydrogen Oxygen ~ 2550-2700  900-1400 ¢~
Acetylene Air 2100-2400  158-266
Acetylene Oxygen  3050-3150  1100-2480 | ' 1500
Acetylene Nitrous  2600-2800 285 e
| | | | |

oxide 0 ’ T
‘ BZ& orkheH@’aHoo.com - r % ! !E :
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Sample Introduction Methods

» The sample is in solution or solid form??

» The method for sample introduction in atomic spectroscopy
affects the:

«precision

v_ accuracy

b -

v" detection limit

By:A.Sorkheh@yahoo.com
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Introduction of Solution Samples

1. Pneumatic Nebulizers

v" For Samples in solution

v" Nebulization converts the solution into an aerosol of very fine droplets
using a jet of compressed gas.

v" The flow of gas carries the aerosol droplets to the atomization
mber or region.

% ,_‘*gera/ versions of nebulizers are available and few are shown in the
“figure below:

10
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1. Pneumatic Nebulizers
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Ultrasonic Nebulizers

» Samples are pumped onto the surface of a piezoelectric crystal that vibrates

in the kHz to MHz range.

» Such vibrations convert samples into homogeneous aerosols that can be

driven into atomizers.

o

» Ultrasonic nebulization is preferred over pneumatic nebulization since

ﬁﬂﬁ?droplets and more homogeneous aerosols are usually achieved.

» However, most instruments use pneumatic nebulization.
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3. Electrothermal VVaporization

» An accurately measured quantity of sample (few mL) is introduced into an

electrically heated cylindrical chamber through which an inert gas flows.

» Usually, the cylinder is made of pyrolytic carbon but tungsten cylinders

are now available.

> @ signal produced by instruments which use electrothermal

vaporization (ETV) is a discrete signal for each sample injection.

» Electrothemal vaporizers are called discrete atomizers to differentiate

them from nebulizers which are called continuous atomizers

By:A.Sorkheh@yahoo.com



AA Techniques
» GRAPHITE FURNACE(Flameless atomizer)

v" (GFAAS) Graphite Furnace Atomic Absorption Spectroscopy

v (ETAAS) Electro thermal Atomic Absorption Spectrometry
Uses extremely SMALL sample volumes (20uL) .

GFAAS Mechanism

i.Runs‘g'emperature PROGRAM to DRY any liquid

I.CHAR or ASH away any organic or matrix

iii. ATOMIZE the Analyte for PPB levels

» GFAAS requires a source of Cooling Water and Argon Gas to operate

71
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Graphite furnace tube




Advantages:

* highly sensitive down
to pg of analyte

* long residence time

* more efficient than
flame

- use with solid samples

4B

Disadvantages:

9

. poor‘oducibility

« small analytical range
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Small sample

Formation of stable Thermal oxide (Al, Mo, Ti)

Residual elements

Biological samples

Effective atomization

Sample stay for Long time in graphite tube>>>high sensetivety

Sui;@ble for solid samples

R X - ol SiSs . K

lonic interferase rather than chemical or physical due to high temp.

74
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Solid sample The L’vov platform

weighed onto
graphite
platform

Direct solid sampling
— end view of furnace =
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Graphite Furnace

I detector

76
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v" Correct position for injecting sample Droplet
into graphite furnace \

v If injection is too high,sample splatters
andyprecision is poor
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The Graphit furnace
temperature program

1.Drying

2.Pyrolysis

Tempetatu-e (°C)

3.Cool own(Optional)
4.Atomization
5.Clean Out

6.Cool Down

By:A.Sorkheh@yahoo.com

2500

240

1500

1000

»

Ramp

N

A

16 mi2e
79



®
2

By:A.Sorkheh@yahoo.com

Graphite Furnace

80



1. The source of light (lamp)

5. The monochromator isolates the light of the
element of interest from the background lights to
the PMT. The PMT tube measures the change
intensity.

Internal gas flo
Graphite

furmace

Window

Y
-

To
SPCCiro - | ——— -

oy

permanently flushed with argon

emits light with a wavelength
specific to the element of
interest

4. The graphite tube is

while it is in operation

Graphite tube

Laght

TI.:
photometer ‘ '/- -
~ .t
~ - — - 1

L A A
: i

rolled voltage is applied at the —

endsppf the graphite tube, which is
heated fhpidly to high temperatures (up
to 2600°C). ‘*/

External gas flow

beam

3..Samples are deposited in the graphite t
heated to vaporize and atomize the anal

atoms absorb ultraviolet or visible light an
transitions to higher electronic energy le|




Chemical Modifiers for Specific Elements in GFAAS

Analyte Modifier

Effect

As

Cd

Pb

Ni
Pd

H3PO4+

Mg(NO3)2
NH4H2PO4
Pd

H3PO4+
Mg(NO3)2
NH4H2PO4
EDTA
citrate
oxalate

Permits a higher ashing temperature
and enhances the signal

Conversion to less volatile phosphate
which atomizes at a higher temperature

Permits a higher ashing temperature
and stabilizes the signal



Hydride Vapor Generati mic Absorption Spec y
(HGAASC)

* As, Se, Sb, Sn, Te, Bi, Hg and other metals produce a metal hydride by

this method
Element | Concentration g 3
S (ppb) 6BH, +As '+ 3H" — 3B,Hq+3H, +AsH, (gas)
As 5~20 Absorption Cell
Sb 5~20
Burner Head
Te 520 Peristaltic of AAS
Bl 520 Pump Manifold 7
Se 10~40 ] ] @ ; Gas Liquid
Hg 20~80 e 7 Separator
Sn 30~90 =

Drain

Sample HCI NaBH4

Carrier Gas Ar

amm g0 Y ﬂ Structural Diagram of Hydride Vapor

T — Generator

(HAAS) is very useful in case of interferences, poor reproducibility, and poor detection limits.



Sample flow inthe (HGAAS)

/

4. In the optical cell the flame is ignited automatically by the
air/C,H , and the gaseous
metal hydride form decomposes into the elemental form
which can absorb the
HCL's beam. The light passes to the Mon. and then to the PMT

Detector l

3. The liquid mixture flows
into a gas/liquid separator where
the hydride and some gaseous hydrogen are
purged (via a high purity inert gas) into the optical cell
via a gas transfer line

1. The metal oxyanions reacts with Sodium 2. The peristaltic pump and the flowing reagents along with
Borohydride and HCl and produces a the tubing of specific lengths controls the time from reagent
volatile hydride: H2Te, H2Se, H3As, H3Sb, mixing and separation of
etc. the volatile hydride from the
liquid and sending the sample to the optical cell.




Mechanism of the (HGAAS)

4. The PMT detects the amount of reduction of
the light intensity due to absorption by the
analyte and can be directly related to the
amount of the element in the sample

PR

and removes the scattered light of other

1. The HCL emits the light with a
wavelength characteristic to the
element of interest

Volatile hydride

3. The monochromator isolates analytical 2. The Light passes from the HCL
lines' photons passing through the optical through the optical cell to the
cell monochromator then to the detector

wavelengths from the optical cell




COLD-VAPOR or Flameless AAS
(Mercury Cold Vapor)

» The Metal, MERCURY, has the unique ability to ABSORB light in the
Vapor state at ROOM Temperature. Since it does not require any
HEAT to generate an ABS signal, this method is called COLD-VAPOR
or Flameless AAS

» Free mercury atoms can exist at room temperature can be analysed
using atomic absorption without employing flame and graphite furnace
techniques at high temperatures.

86




COLD-VAPOR Mechanism

a) Mercury is reduced in solution using stannous chloride or sodium

borohydride in a closed system.

b) The reaction quantitatively releases mercury (from the sample solution)
and is carried by a stream of air or argon through a quartz sample sell

@ced in the light path of an AA instrument for analysis.

T E ‘

v The detection limit for mercury by this cold vapor technique is
approximately 0.02 mg/L.

87
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AAS Interferences

> Any factor that affects the ground state population of the analyte element.

» Factors that may affect the ability of the instrument to read this parameter.

A. Spectral interferences(Back ground Absorption of Source Radiation ):

v Due to radiation overlapping than of the light source.
v Element other than the one of interest may absorb the wavelength being used

@' Back ground Absorption of Source Radiation Reasons

> Tk!%;;caused by the presence of a particle from incomplete atomization .
v _This problem is overcome by increasing the flame temperature .

v" Interferences are addressed by using a good quality HCL. 89



B) Chemical Interference - more common than spectral interference

1) Formation of Compounds of Low Volatility
- Anions + Cations = Salt
Ca** +50,% > CaSO, (s)
- Decreases the amount of analyte atomized = decreases the absorbance signal
- Avoid by:
> increase temperature of flame (increase atom production)
> add “releasing agents” — other items that bind to interfering ions
eg. For Ca?* detection add Sr?*
Sr?* + SO,> - SrSO, (s)
increases Ca atoms and Ca absorbance
> add “protecting agents” — bind to analyte but are volatile
eg. For Ca?* detection add EDTA*
Q‘ Ca?* + EDTA* - CaEDTA?> - Ca atoms

2) Formation of Oxides/Hydroxides
M+ O » MO

A non-volatile & intense molecular absorbance

M + 20H » M(OH),

- M is analyte
- Avoid by:
> increase temperature of flame (increase atom production) o,

> use less oxidant
By:A.Sorkheh@yahoo.com
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- 3) lonization

TABLE 9-2 Degree of Ionization of Metals at Flame Temperatures*

s
Fraction Ionized at the Indicated Pressure
and Temperature ‘
4 " Ionization p =10"%atm p =10"6atm
Potential, N
P Element eV 2000 K 3500 K 2000 K 3500 K
cs 3.893 0.01 0.86 0.11 >0.99
“ Rb 4.176 0.004 ’ 074 0.04 >0.99
< K . 4.339 ) 0.003 0.66 1 0.03 3 0.99
Na 5.138 7 0.0003 ) 0.26 0.003 0.90
| Li 5.390 0.0001 0.18 0.001 0.82
é Ba 5.210 0.0006 041 0.006 0.95
Sr 5.692 0.0001 0.21 0.001 , o 0.87
i Ca 6.111 3 X 105 0.11 0.0003 0.67
Mg 7.644 4 X 1077 0.01 4 X 106 0.09

*Data from B. L. Vallee and R. E. Thiers, in Treatise on Analytical Chemistry, 1. M. Kolthoff and P. J. Elving, Eds., Part I, Vol. 6, p. 3500. New York: Interscigze,
1965. Reprinted with permission of John Wiley & Sons, Inc.
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C) Matrix interferences:

> Due to differences between surface tension and viscosity of test
solutions and standards.

v" Errors are minimized by using Matrix Modifiers and Reagents...

D) Transport Interference :

> Rate of aspiration, nebulization, or transport of the sample (e g

(WViscosity, surface tension, vapor pressure , and density ).

94
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Matnx Interferences
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Figure 17. Matrix Interferences



E) Broadening of a spectral line

1)  Doppler effect:

v This effect arises because atoms will have different components of velocity
along the line of observation.

2) Lorentz effect:

v This effect occurs as a result of the concentration of foreign atoms present in
the environment of the emitting or absorbing atoms. The magnitude of the
broadening varies with the pressure of the foreign gases and their physical

properties.

3) ‘Euench/na effect .

v In a low-pressure spectral source, quenching collision can occur in flames as
thegkesult of the presence of foreign gas molecules with vibration levels very
cloSe'to the excited state of the resonance line.

4)  Self absorption or self-reversal effect

v' Self absorptionthe atoms of the same kind that are absorbing radiation will
absorb more at the center of the line than at the wings ,and thus resulteag in
the change of shape of the line as well as its intensity



A)Corrections For Spectral Interferences Due to Matrix
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Methods for Correction

1) Two-line method
- monitor absorbance at two line close together
> One line from sample one from light source
> Second | from impurity in HCL cathode, Ne or Ar gas in HCL, etc
- second line must not be absorbed by analyte
> absorbed by molecular species, since spectrum much broader
-/A & e are ~ constant if two line close
Qomparing A, A, allows correction for absorbance for molecular species

w A,; (atom&molecule) — A, (molecule) = A (atom)
\

Problem: Difficult to get useful second | with desired characteristics
98
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=+ |

HCL generates a “narrow” band radiation, that “sees” BOTH Element-Specific AND Background
Non-Specific Absorbances

NN

D2 Lamp creates a “continuum” of “BROAD band radiation, that ONLY “sees” other
BROAD band signals, such as BACKGROUND

100
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Pb-283nm.
@ 5mA

Low CURRENTS for Analytical Measurements
create a “narrow” band source of radiation

Pb-283nm.
@500mA

High CURRENTS (>500mA) are used to form
the GIANT PULSE as a “broad”, wide band; to
make it SIMILAR to the D2 Continuum for
reading ONLY signals from the
BACKGROUND




Sample preparation Methods

» Careful techniques must be used to Collect, Preserve and then

PREPARE the Sample so it can be run on the AAS Instrument.

» Samples MUST be in the form of a clear, particle-free Solution

» }hese Solutions can be based on an Aqueous (water) or Organic (solvent)
matrix

» Calibration materials (Blank and Standards) must be prepared with the
SAME procedures as the Samples

103
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Sample PREPARATION

» Some of the common procedures for AAS:

v Open Beaker Acid Digestion

v" Closed Vessel Pressure Digestion
v" Soxhlet Solvent Extraction

v" Muffle-Furnace Ashing

v" Sonication

4@\/ Centrifugation
v Simple Filtration

N

By:A.Sorkheh@yahoo.com
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Wet Digestion Methods

» The common methods used for dissolving samples for
metals analysis are :

»Digestion in open flask

»Digestion in a pressurized sealed container

-

- » Microwave assisted decomposition
2
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~ Reagents Commonly used in Sample Dissolution or Digestion

Woater

Dilute acids

Concentrates acid (e.g., HNO;)

Concentrates acid + oxidizing agent

Hydrofluoric acid

Soluble salt

Dry-ashed sample residues, easily
oxidized metals and alloys, salts

Less readily oxidized metals and alloys,
steels, metal oxides

Metals, alloys, soils, particulates from air,
refractory minerals, vegetable matter

Silicates and other rock samples



Acid Digestion-Wet Ashing

» The simplest method for wet digestion is carried out In
an open containetr.

» Samples are dried, weighed, and placed In a beaker.
The digestion reagent is added.

» The beaker is covered with a watch glass and placed on
@t plate. ———
Watchglass / N

Sample

Hot plaie-# ~a P
T ——
N —
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Water

Dilute nitric acid

. 4
S
. 4

HNO, + HCI

. 4

Aggressive acid digestion HNO, + H,SO,

- HNO, + HCIO,

S~ HNO, + HCIO, then HF

By:A.Sorkheh@yahoo.com Aqua regia



» For samples that show significant losses of analyte due to the
retention of metals in silica residues, the sample is first
digested thoroughly with HNO; in a PTFE beaker. Then
concentrated HCIO, and a small amount of HF are added.

° A@xture of an oxidizing acid with HF provides acidity,
oxidizing power, and complexation to dissolve all metals and
aIIB‘ys and most refractory minerals, soils, rocks, and

sediments.
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Microwave Digestion
» Advantages of digestion in a closed container :
- The containers are fabricated of high-temp polymers, which are less likely

to contain metal contaminants than are glass or ceramic beakers or

crucibles.
« The sealed container eliminates the chance of airborne dust contamination.
- The sealed container reduce evaporation, so that less acid digestion

‘@lutlon IS required.

-, The sealed container also eliminates losses of more volatile metal species,
Swhich can be a problem in open container.

- The electronic controls on modern microwave digesters allow very

reproducible digestion conditions.
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Dry Ashing
For samples that contain much organic matter, which are analyzed for

nonvolatile metals, dry ashing is a relatively simple method of removing

the organic matter.

A general procedure is to place the weighed sample into a platinum or glass
crucible and heat it in a furnace to a white ash. The temperature should be
kept at 400 to 450°C if any of the more volatile metals are being
detd@ined. Salts or sulfuric acid may be added, if needed, and a final
ashing step can be done with HF if required. The residue is then dissolved
In C\S‘ncentrated nitric acid and water, and diluted to volume. The final

concentration of acid should be between 1 and 5%.
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Extraction, Separation, and concentration

It is not always necessary or required to digest the entire sample
in order to free the metal for analysis. The analyte of interest
may be present as a soluble salt from a pollution source or being
present in the structure of the mineral crystals.

v_ Organic extraction of metals (LLE)
@ Extraction with Supercritical Fluids
‘,\;(;Ultrasonic sample preparation

v"Solid-Phase Extraction for preconcentration

By:A.Sorkheh@yahoo.com 112



Calibration Equipment

O STANDARD Solutions for Calibration of all Atomic
Absorption instrumentation should be NIST/NBS or ISO /
IUPAC Certified for true Accuracy

113
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Selecting the Number of Standards

* How can we select our calibration standards properly?

1. One Cal Standard: If all our samples are in the linear range (less
than 0.20-0.30Absorbance), then one calibration standard (S1) can be
used.

2. Two calibration standards:. are used when we exceed the linear

‘ange.

“ _LJs_uaIIy S2 should be 3x the concentration of S1.

114
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If we know we are exceeding the linear range, how can we decide
whether to use two or three calibration standards?

There is an easy procedure to follow:

Make up three standards. The first one should be at the top of the linear
range. The concentration of the second standard should be approximately 3x
the concentration of the first. The concentration of the third standard should

be approximately 6x the concentration of the first standard (6:3:1 rule).

o

Set up your atomic absorption instrument in the concentration mode. Autozero on
theﬂéj“nk. Set your first standard to be S1. Calibrate with your second standard to
SZ.“READ your third standard. If its value is within 10% of the expected value,
make your third standard = S2 and drop your second standard. You have slight

curvature and should use only two calibration standards. 115



3. If your third standard deviates more than 10% from the expected value,
your curvature is more severe and three calibration standards are
necessary. Keep S2, and enter your third standard as S3. Seldom are more
than three standards required for accurate calibration. However, when you
are using more than three calibration standards, insert them between the
standards that you determined using the 6:3:1 rule so that they are spaced

along the calibration curve.

<

.

116
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APPLICATIONS

50+ Metallic Elements of the Periodic Table can be determined by Flame

or Furnace AAS from the 0.0001% to 100% concentrations
H He

—

fe

#  Elements detectable by atomic absorption are highlighted in
Dyahcostly pink in this periodic table 1zl



LOD & LOQ

Limit of detection (LOD) and limit of quantification (LOQ) are two important
performance characteristics in method validation. LOD and LOQ are terms
used to describe the smallest concentration of an analyte that can be reliably

measured by an analytical procedure.

In analytical chemistry, the detection limit, lower limit of detection,
or LOD (limit of detection), is the lowest quantity of a substance that can be
dis guished from the absence of that substance (a b/lank value) within a

stated confidence limit (generally 1%o)

a I
\W‘ <

122
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https://en.wikipedia.org/wiki/Confidence_interval

Sample Variance Sample Standard Deviation
S2 or SV

EHEM{EK)E ZXE_M
1l

Il

s¢ =

n—1 2\ n—1

How can I calculate LOD in Hg analysis by AAS (sample type: Fish)?

| need to calculate LOD in Hg analysis of fish sample. My method is;

Blank: put 10 mL nitric in microwave vessels and run the program and volume

up tog‘f‘nL and read (result received in microgram/L)

My equation is for LOD=mean+ 3*standard deviation
But | receive blank reading in microgram/L unit (See attached excel sheet), then

how I calculate LOD? Can you give the example or correct my excel sheet 123



’ Fish

1224

000

10 000

12 000

~ Mean | 059

i
deviation 0.62




Accuracy high Accuracy low Accuracy high Accuracy low
Precision low Precision high Precision high Precision low




Techniques for elemental analysis

Detection Limits
Productivity

LDR

Precision

Spectral interference
Chemical interference
lonization

Mass efffects
Isotopes

Dissolved solids

No. of elements
Sample usage
Semi-quantitative
Isotope analysis
routine operation
Method development
Running costs
Capital costs

58

ICP-MS ICP-AES FAAS GFAAS
Excellent Good Good Excellent
Excellent Very good Good Low

105 40 /10 10 HDD 10° 102

1-3% 0.3-2 % 0.1-1 % 1-5%

Few Common Almost none Very few
Moderate Few Many Many
Minimal Minimal Some Minimal

High on low none none none

Yes none none none

0.1-0.4 % up to 30 % 0.5-3 % up to 30 %
~75 ~73 ~68 ~50

low medium high very low
yes yes no no

yes no no no

Skill required easy easy skill required
skill required skill required easy skill required
high high low medium
very high high low medium



Temperature
Radiation used
Detection limit

Elements applicable
to

Sample throughput

Sample volume
required

Isotopic analysis

ty pical consumable
items and utilities
required

2300°C -2700°C
UV VISIBLE

Ppm
68+

10-15 sec per element

Large

No

acetylene/nitrous
oxide gases
(compressed air
source)

hollow cathode lamps
reagents and
standards

power

3000°C
UV, VISIBLE

Ppb
50+

3-4 min per element

Very small

No

argon gas
hollow cathode lamps
graphite tubes and
cones

reagents and
standards

power

cooling water

Ppt
82

All elements <1
minute

Very small to medium

Yes

argon gas
quartz torches
sampling and
skimmer cones
reagents and
standards
pump tubing
power

cooling water




Operating instructions for VARIAN 280FS Spectrophotometer

Exhaust Vent

Exhaust venting is important for a number of reasons:

1.1t will protect laboratory personnel from toxic vapors which may be
produced by some samples.

2.1t will tend to remove the effects of room drafts and the laboratory

atmgsphere on flame stability.

3. tawill help to protect the instrument from corrosive vapors which may
originate from the samples.

4.1t will remove dissipated heat which is produced by the flame or furnace.

128
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A =length

T B = height to top of cover
H

+ (= depth
! - H-*H'l D = distance from center of atomizer compartment to right hand
edge of instrument

i)
3

F = protuberance of sample tray in front of instrument

F = height of flame shield above top of instrument cover

/ G =10 cm (4 inches) in all cases

H=30cm (12 inches) in all cases

/

e
e

J =15 am (6 inches) in all cases

129
Figure 3. Spectrometer and accessories dimensions.
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Operating instructions for VARIAN 280FS Spectrophotometer
Lamp installment

1. Install the recommended light source, position the lamp so that is held by two
springs in the lamp holder.

2. Press the POWER button on the control pane/to turn on the instrument.

3. Turn the S/IGNAL control knob to LAMP, the AA/BG switch to AA, and turn
GAIN fully counterclockwise.

4. Turn the LAMP CURRENT CONTROL (F) clockwise until the ENERGY/LAMP
METER (E) shows the proper value indicated on the lamp label.

5. Change the S/IGNAL control knob to SET UP. Set the SLIT (A) to the proper
value and adjust the COARSE ADJUST WAVELENGTH CONTROL (D) to the
corregfiisetting on the WAVELENGTH COUNTER (B) (refer to the Analytical
Methods Manual for proper settings for the element of interest).€

6. Turn the FINE ADJUST WAVELENGTH CONTROL (C) slowly to obtain
maximum needle deflection to the right on the ENERGY/LAMP meter (E).€ With
the GAIN control knob (G) keep the needle on scale.

7. Turn the two alignment knobs on the lamp holder to maximize the
ENERGY/LAMP meter (E) reading.

8. Close the lamp compartment.

9. Change the S/GNAL control knob to ABS and proceed to ignite the flame. 131
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A € Slit Selector
B € Wavelength Counter
C @ Fine Adjust Wavelength Control

D € Coarse Adjust Wavelength Control
@

E € Energy/Lamp Meter
"

F € Lamp Current Control

G € Gain Control
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Gas ignition
1. Turn the POWER switch of the gas control (K) to the ON position.

2. Turn on the vent hood to remove fumes and vapors from the flame.

3. Switch the OXIDANT SELECTOR VALVE (I) to air. The air supply for the
AA in room 263 comes from a central source and an oil-filter is used to
maintain the air free of oil and dust .

4, Sﬁh the FUEL VALVE (C) to the on position (For most of the analyses
acetylene is the fuel).

A o
“Q

5.0nce the fuel and oxidant flow meter are set at 30 and 55 (arbitrary units)
respectively, ignite the burner by pressing the IGNITE button (E).
133
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A € Fuel Pressure Gauge

B € Oxidant Pressure Gauge

C € Fuel Toggle Valve

D € Fuel and Oxidant Flowmeters

E € Ignite Button

F € Fuel Pressure Regulator

G € Oxidant Pressure Regulator

H € Fuel Flow Needle Valve

| ¢ OXidant Selector Valve

J € Oxidant Flow Needle Valve

K € Power ON/OFF Switch
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Gas Flow Adjustment

» For many elements, the fuel/oxidant ratio must be adjusted for maximum
sensitivity.

Actylene Gauge




Acetylene

For most air-acetylene flames, the acetylene flow used is about 4 liters/min
or 0.14 cubic feet/min.

Acetylene is dissolved in acetone in order to prevent explosive
decomposition when compressed to greater than about 30 psi.

Farlure to change the acetylene cylinder before the cylinder pressure drops
below 600 kPa (85 psig) may cause aamage to valves or tubing within the
burner gas control system due to high acetone carryover

To provide a margin of safety, acetylene should not be used above 15 psi line
preks\s"‘g re.

For some elements, absorption sensitivity will change as the amount of
acetone increases, so it is a good practice to replace the cylinder when the
pressure falls to between 75 and 100 psi. 136



» Minimize the amount of acetone which is carried over with the acetylene

by:

v' ‘Cracking’ the bottle before use by gently opening the valve to check for
any drops or spray of acetone. Any bottle showing acetone should be

returned to the supplier for replacement.

Ing and using the bottles in the vertical position.
v" Using only one instrument per bottle.
v Using only ‘instrument’ grade acetylene.

v" Replacing bottles when the pressure drops to 750 kPa (100 psi).
137
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Nitrous Oxide

The N20O is in the liquid state, at an initial pressure of about 750 psi.

A nitrous oxide-acetylene flame consumes about 20 liters per minute of N20O
at 50 psi;

When N20O is removed from the cylinder at this rate the expanding gas cools
the diaphragm of the regulator so that sometimes it freezes, causing loss of
regudation.

Allines carrying N2O should be free of grease, oil or other organic material,
as ItIs possible for spontaneous combustion to occur.

For the nitrous oxide-acetylene flame, the acetylene flow is about 14 liters/min
or 0.5 cubic feet per min. 138



Alr

» Air is the most common oxidant and can be obtained from either a compressed
air cylinder or from a compressor unit

» The premix burner-Nebulizer will use about 20 liters per minute

» General Purpose Compressed Air is suitable instrument use.
> Air‘%inders are operated at 50psi utilizing a two-stage regulator
=

e
» Theeompressor should provide at least 30 liters per minute at 50 psi, with a
water and oil trap installed between the compressor

139
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Hydrogen
> In certain applications hydrogen is used as the
» The extra dry grade (99.9+% purity) is suitable for atomic absorption work.
» An air-hydrogen flame requires about 15 liters per minute

» The air-hydrogen flame is invisible under normal circumstances, and extra
caution should be excersized when using this flame.

» Do not place hand on or lean over a burner where hydrogen is being used in
case the flame is actually lit.
b~

» Always test first by placing a shiny surface above the region of combustion;
the formation of water vapor indicates that the flame is lit.

» Hydrogen cylinders are used at high pressure and should be handled with care
at all times.

» They are operated at 40psi using a two-stage regulator 140



Argon

» Argon is generally used in conjunction with hydrogen :

v As a flame diluent to provide a cool flame
v As a purge gas in the analysis of hydride-forming metals

v As a sheathing gas in graphite furnace work.

' urity grade (99.998%) Grade Argon is good for most analyses.

> Ar\c‘j\&ﬁ'in the prepurified grade (99.995%) can also be used but is not
recommended for the Graphite Furnace since the grade often contains a small
amount of oxygen which may shorten tube life.

141
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Nitrogen

» Nitrogen is used similarly to argon, and therefore the consumption rates
vary widely with the application.

» The high purity grade (99.9%) or the extra dry grade (99.7%o) is suitable
for atomic absorption work.

“

> Nitregen cylinders are used at high pressure and should be handled with
care at all times.

142
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Burner alignment

» In order to make sure that burner is correctly aligned check that the slot in the
burner head is parallel to, and slightly below the sample beam.€ This procedure
will only need to be carried out when changing burner heads.

1. In the control panel, set the S/GNAL control knob to ABS and
the MODE control to continuous.€p Press the AZ (auto zero) key to set the
display to zero.

2. Raise the burner head with the VERTICAL ADJUST KNOB until an absorbance
Is indicated on the display.

3. Slo lower the burner head with the vertical adjust until it€s just below the
source beam. The display must be at zero.

4. Ignitéﬁé’ses as describe in the GAS IGNITION section.

5. Aspirate a standard that provides an absorbance of 0.2 to 0.6 units and adjust the
position of the burner head by turning the HORIZONTAL ADJUST KNOB until
maximum absorbance is indicated. 143

6. Turnthe ROTATIONAL ADJUST KNOB to obtain maximum absorbance.
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Burner Adfustment

% Adjustment of the burner head relative to the light path of the
Instrument is necessary to obtain maximum sensitivity.

» Clean the burner frequently — never allow the burner to clog, and wash
it thoroughly both inside and out.

®
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Nebulizer Adjustment

» Set up the instrument for the determination of copper, magnesium, or other
elements which have an absorbing wavelength above 250 nm and whose
sensitivity is not dependent on the fuel/oxidant ratio.( in 90° (Vertical)
positon toward the HCL)

v Do not select an element requiring a nitrous oxide-acetylene flame.

N
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Calibration

1. Set the SIGNAL control to concentration.

2. Through the keyboard enter the value for the lowest standard then press the S1 key,
repeat for standard two and three.€p Model 460 measures the absorbance of each
standard, equates it to the concentration and constructs an appropriate calibration
curve.

3. Enter the integration time through the keyboard and press the INT button to enter the
interval (0.2 € 60 seconds).

4. Aspirate a blank solution and press the AZ key (auto zero).

o @ate the standard representing S1 and press the S1 key.€p Repeat for the
remaining standards in order of increasing concentration.

6. sme some degradation in calibration may occur the operator is urge to recalibrate
after reading various samples.

7. For Flame Emission analyses remove or unplug any hollow cathode lamp is in the lamp
compartment.€ Set the SIGNAL switch to EM CHOP with the appropriate slit and

146
wavelength for the element of interest and repeat steps 2 through 6. @€
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For the air-acetylene flame, the acetylene flow is about 2 liters/minute,

For"% nitrous oxide-acetylene flame, the acetylene flow is about
144iters per minute or 30 cubic feet per hour.
R
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For routine analyses, integration times of 1 to 3 seconds are generally
used. Precision can be improved by using longer integration times, up
to a maximum of roughly 10 seconds. Integration times longer than
10 seconds provide no further improvement and are generally not
recommended.

@

.

By:A.Sorkheh@yahoo.com 157



== AA 2BOFS - Untitled1

File Edit Miew Instrument  Options  Window  Help

= Methods - Method 1 of 1 X
| Fiing | | Type/Mode | Meazure | Standards | Calibration | Sampler | Motes | co €
Workshed HC Lamp

Ultraa Larmp [

Lamp Position T =
<_Lamp Current (ma.) 40 2>

Monochrormator

<_Wavelength (nm) I —
<_Sit Width (nm) [T —

Background Correction |EIC Off \VD

[ = Back ][ MNext > |

o]

[ Ok H Cancel H Help

== Spectraa '@ Docurnent] - Micrasof, .,



Wavelengths

Several possible wavelengths are listed for each element. The most
commonly used primary wavelength is always listed first. Select the
best wavelength for your analysis based on the concentration range of
the samples. If the samples are at a very low concentration, the most
sensitive wavelength should be selected; if the samples are very
concqggfated, a less sensitive wavelength should be used.
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Slit Width

The slit width listed for each element is the one found to be
optimum
for that element at the particular wavelength. Other slits can
be used,
but the signal to noise ratio and characteristic concentration
will vary.

For vg@velengths In the UV range, a single recommended slit setting
(0.2 nn, 0.7 nm, or 2.0 nm) is listed. Two recommended slit positions
(e.g., 0,2/0.4 nm) are listed for wavelengths in the visible region. The
0.2 nm, 0.7 nm, and 2.0 nm positions are for those spectrometer
models

utilizing a single grating, while the 0.4 nm and 1.4 nm positions are
for

spectrometer models that have dual gratings.
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