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? I ? 71 atomic absorp-

tion spectrometry  (AAS) n . . 1955
10
atomic absorption Prof.Kirchoff
(1824-1887) Heidelberg ! 100
WH AAS
AAS
AAS
o matrix homogenious

standard addition

1 Atomic Absorption
1.1 Resonance line
excited atom (Eh)
(Eb) (v)
Eb -E,
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B-Eb = hv (.1)
Eh-Eb = hv
Eh
Emission Absorption
Eb

.1 Emission-absorption

E, (ground state)

hv Eh
1 excite reson-
ance line
1 (narrow beam)  resonance line
10
I
absorbance (A)
A = log 10/1 . (.2)
emission resonance fluorescence

, emission
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'l Dili splerical beam IM resonance fluorescence
|

1.2 Absorption Coefficient.

absorbance A 'l ground state
(No ) # spectrophotometry
1
1 1
A
. 1 r I
N ="»N + N
2 No
k= b e K29 = (.3)
log o/l = KNI ™ (.4)
Kv absorption coefficient Ty
1 No
No ground state
1.3 excitation

atomizer-burner system
(N, ) ' excited
state
N,/No = g, /gole-E, [HT - (.5)
0, 00 statistical weights ' excited ground



Chemical

Species

Fe

Ag

Au

Zn

atomic state IluUu coincident state 1 "'l

' excited atom '
excitation energy

Boltzmann constant

absolute temperature

.1 ML/No thermal equilibrium ' -
Excitation N 1/No
Energy

nm gl /go (in eV) T=2000°K 1=2500° K T=3000°K
589. 2 2.10 0.99x10-5 1.14x10-9 5.83x10-*
553. 3 2.24 6.83x10- 6 3.19x10-5 5.19x10" *
460. 3 2.69 4.99x10-7 11.32x10-8 9.07x10-5
437. - 3.13 6.87x10-9 2.50x10-7 2.73x10-6
422. 3 2.93 1.22x10-7 3.67x10-8 3.55x10-8
372. g 3.33 2.29x10-9 1.04x10-7 1.31x10- 6
352. - 3.51 6.03x10-"0 3.41x10-8 5.09x10"7
338. 1 3.66 5.85x10-"9 4.11x10- 8 6.99x10- 7
328. 2 3.78 6.03x10-"0 4.84x10-8 8.99x10-7
324. 2 3.82 4.82x10-"0 4.04x10-8 6.55x10-7
285. 3 4.35 3.35x10-"" 5.02x10-9 1.50x10-7
283. 3 4.375 2.83x10- 1 4.55x10- 9 1.34x10-7
267. 1 4.63 2.12x10-12 4.60x10-"0 1.65x10- 8
213. 3 5.795 7.45x10-15 6.22x10-"2 5.50x10-’



dl

L
ground state

lonization potentials !

l

No =

htomic

fonized atom

Lithium
Sod i um
Potassium
Rubidium
Cesium
Calcium
Strontium
Barium

lon
earth (%)

lonization
Potential
(eV)

5.37
5.12
4.32
4.16
3.87
6.11
5.69
5.21

N* + eIl

absorption

ized atoms

Air-Propane
Flame
(2200° K)

0.01

0.3

2.5
13.5
28.5

108

excited atom (N,)

(IM) o
AAS No ~ N
alkali alkali-earth
lonized atoms
ground state
. 2
alkali-earth
alkali calkali-

Oxygen-Hydrogen Nitrous Oxide

Flame Acetylene Flame
(2900° K) (3200° K)
1 68
5 82
31 98
44 99
69 100
1 43
2.7 11
8.6
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ionized atoms ft
ionize
ionized electron capture

ground state

1.4 Absorption Line Width

! atomic absorption monochromatic phenomenon
line ( b ) !
random processs " abs-
orption resonance radiation frequency vo0
half-width ' absorption line
(AA) radiant energy line half
width peak aAd

3 profile spectrum line



no

ifi line width Doppler effect (

j) Lorentz effect (A )41
absorption line width “ ( 0.001-0.01 1 ax
fr K, atomic absorption fr

atomic
absorption emission intensity
excited atoms e E'*1 (.5)
1.5
(E, )
"ground state” Eo = 0 resonance lines
I ground state (.1
v =(£1-E)Ilh
atomizer ground state NO
excited state ' B E S oo E, N, ,
M IN ] N, excited state ground
state (.5)
AAS (
) [ air-acetylene flame
ground state resonance line  ground state
Vv alkaline earth nitrous oxide-
acetylene flame ionized atom Ba onized atom
42 % nonresonance line  455.4 nm ionized
atoms ahsorp resonance line  553.5 nm ground

state atoms abhsorp 3 sensitivity



nonresonance lines

Si nonresonce line
251.6 nm ' resonance line 212.4 nm absorption
resonance
lines resonance line
excitation energy ' detection limit
« 4
.3 iron lines

Energy Level Excitation  Detection Limit
A In Potential in Air-Acetylene
nni Kayser cm-1 (eV) Flame (ug/ml)
372.0 0-26875 3.3 1
271.9 0-36767 4.6 0.4
252.7 416-39970 4.9 0.6
252.3 0-39626 4.9 0.2

248.8 416-40594 4.6 0.2
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A resonance lines excitation
potential ' detection limit
Excitation Detection Limit
Wavelength nm Potential (eV) ( g/ml)
Na 589.0/589.6 2.1 0.005
330.3/330.2 3.7 0.5
Li 670.8 1.8 0.005
323.3 3.8 2.00
274.1 4.5
Ca 422.7 2.9 0.05
396.9 9.4
327.4 3.8 0.2
324.1 3.8 0.1
2 AAS
2.1
, resonance
line Hollow cathode lamp (
fuel gas (Flame atomic
absorption spectrometry) ]
nebulizer atomization

atomizer-burner system
furnace flame

atomizer

nonflame atomization

absorbance



absorption bl o ! *1

| |
\‘ ,/ Absorption line

V| '

\. ’/AXG

1

lr J‘-—"‘AX,

i

’ Resultant signal
/V\T/ Sourcae line f'\ )
1. e
A4 Source emission sample absorption
monochromator

absorbance

AAS | absolute " Beer-Larnbert Law

2.2 Calibration curve standard-addition

calibration curve

absorption absorption

source intensity 100 %
0 % transmission

0-80 % shit
absorption blank

linear readout calibration

113
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|0 % absorption { 6 absorbance (A)

=
T

log (10/,)
log 100-log % T

lo source intensity run blank
Calibration curve plot absorbance
curve absorbance
standard 2 C 2
absorbance A A2 absorbance
A* 1 C,

suppress interferences
standard-addition
absorbance-concentration

absorbance - standard L  A*

standard x+1,x+2 x+3 urn/rnl absorbance
Ayl Ax+2 A3 5



uy/mi

Concentration

.5 standard-

addition
abscissa
2.3 Detection Limit Sensitivity
Detection limit (ug/ml)
' absorbance - peak-to-peak
noise base line ( background)

signal-to-noise (SIN)
ratio 2 6
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Signal

I Pcak-to-pcak
=J D P noise of base linc

Element A
Een Element B

g V5 A

.6 Detection limit . SIN =2 sensitivity
A B
Sensitivity ‘ AAS ?
absorbance 0.0044 { 1 % absorption)
ug/ml/1 % Abs
6 A detection limit
sensitivity B noise A
sensitivity detection limit A
B amplification
noise A sensitivity
B A
.3 AAS

flame atomic absorption spectrometer
5 (atomization



source) monochromator (readout
device) flame atomic absorption spectrometer

Slits Meter

rcadout
Monochromator

=)= W=l = = = =

Hollow
cathode
source

Dctector

Oxidizer gas
Fuel gas
N 4

Samplc cup
T flame atomic absorption spectrometer
3.1
AAS hollow cathode
lamp 8 9
Hollow cathode lamp (HCL) cathode
1 1 'l ' '
1-2
' electrodes
cathode cathode

lonized excited



A

spectrum lines

(500-600 K)

—

o power

lines stable emission

118

discharge
discharge stable
2 sharp

AAS

supply
HCL |

Fmission line of
metal in cathode

Ay
~
Quaru
window
Ano:.lc L/ Getter materal Fused seal
¢ Cathode Window

=<
Metal to glass scals <——L

Scaled connection __~

|

1O vacuum system

Glass shields

Pillar 10 support
micy shields

Anode

Cathode \

T Ceramic or glass shicld

T2 Mica dises to support shiclds

Ceramie shicld

hollow cathod lamp
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300-400 V
50 A
HCL
HCL
(gas clean up)
HCL ' HCL
28 65 Ahr lamp

3.2 Atomization Sources
.3.2.1 Nebulizer-Burner System
Nebulizer-Burner

atomic vapor 2
Premixed Burner Laminar-Flower Burner
Turbulent Burner Sprayer-Burner emission
spectrometry flame 9

Premixed Burner .10 sprayer-Burner



* . hod

i

L

——O-ring

Ouing Nebuliser

Nebuliser fixing screw

4

3amber

Teflon tube

.9 Fremixed Burner

Capillary tip Burner tip

d

™~
Fuel inlet
Oxygen inlet

Capillary

10 Sprayer Burner

120
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Burner flame fuel gas oxidant flame
dissociate
ground state flame
molecular bonds

e 5 - Premixed Burner

Burning Velocity

Fuel Oxidant Temperature,0c cm/sec
Natural gas Air 1700-1900 55
Propane Air 1925
Propane Oxygen 2800
Hydrogen Air 2000-2050 320-440
Acetylene Air 2120-2400 160
Hydrogen Oxygen 2550-2700 915
Acetylene Nitrous oxide 2600-2800 460
Acetylene Oxygen 3050-3130 1100

.3.2.2 Nonflame Atom Cells

atomization flame
nebulization atomization flame
flame
milliseconds Nebulizer-Burner
(graphite furnace) carbon  rod

and cup furnace | atomization



Electrical
onnecior

Light path
——

Insulator

(x)

Lifrhl paih

/

®)
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.11 Graphite furnace Carbon rod and
cup furnace

] - -

1-100 1 - (2-3 mg)
atomization | Ar NS

(Drying)
(ashing or charring) atomization

ground state I - 2-3 seconds
12 - absorption  signal !

atomization - peak - atomization
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Charring
(800° C)
Drying
3 (100° C)
§ Atomization
§ (2500° C)
0 20 0 ) 80 T
Time (seconas)
12 Absorption  signal desolvation,
decomposition ;. atomization
' absorption nonflame
atomization flame 5-10 % 1
| '
{ - nonspecific
absorption charing o decompose
atomization | atomic absorption
nonflame atomization * HCL continuous

background hydrogen lamps (190-280 ) deuterium



lamps  (190-325 nm)

124

fl background Ds lamp 1

lines atomic absorption molecular absorption

scattering assume molecular absorption
scattering beam D2 lamp HCL resonance
lines I double-
beam D lamp flame atomic
absorption lamp intensity ,
HCL 30

.3.2.3 Optical cell
oxidise

Oxidation state (Hg*a) ' stanous salt

(Sn*s) ! Hg®

reaction flask

optical cell

> Hg® (soin.) +  *4

Hg®
dessicant
ground state
13

optical cell



125

Source Cell

Purging
valve

j A
Flow

swilch

Dessicator

|l

Mercury trap

Flow
indicator

Filtered

. Hg*2sample
compressed air

13 Schematic diagram of apparatus for the
flameless atomic absorption determination
of mercury

3.3 Monochromators

Monochromators VI single line
spectrum diffraction
prism interferences filters
Grating - - J
reflect '
I | linear scale I

0 AAS monochromators
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Ebert, Czerny-Turner

Littrow "
Czerny-Turner '

14

U .14 Monochromator Czerny-Turner

monochromators 'l lines 2 lines 'l

L7 1.0 nm bandwidth ( ' '

o slit (nm) dispersion (nm/mm) Ldu 1.0 nm
sensitivity ' Monochromator
aperture ldu /5
3.4 '
(photomultiplier tube-PMT)
photocell

PMT
PMT
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photocathode - - ' photoelectron «
dynodes
electrons anode
No dynode NS !
N (N, )" dynodes
3.5 (Readout device)
ahbsorption Beer-Lambert
Law - excite absorbed beam
logarithm - absorption C
ke = 'log 10/1
plot log lo/ | absorption
absorption microammeter
recorder
4 Resonance line Background
4.1 Double beam
Resonance line HCL
dispersive system double heam
15 HCL chopped bypass
detector absorbed line 1L

warm up
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N

I—E——]l—m—J N { 5N ‘l\m?\\\j J‘
15 Spectrometer double heam
4.2 Background ? )2 Lamp
Background ! ) Atomic Absorption
scatter molecular species
dispersive system double beam
background continuum
beam | )2 lamp (190-325 nm) continuum beam
optical path resonance line HCL
absorption continuum beam total absorption HCL
., net atomic absorption .16
background manual run
D2 lamp HCL
lamps - - - double beam mode
dispersive system atomic
absorption double Dbeam, atomic absorption
background background absorption double heam

flame emission . 17
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Po5ppm . 10,000 ppm

A(Pb HC.)

210, H.C) M

A -

Deuterium lamp background correction. Recorder trace A IS of the sample
absorption alone. Trace B ISof the deuterium lamp alone. Trace C is the result of electroni-
cally subtracting trace s from trace .

il _lhe

Without With

Correction for fume interference. (Left) Atomization of the sample, copper in
seawater, causes fume to appear in the cuvet because of the high salt concentration, thus
ohscuring the copper peaks. (Rightl With background correction, the fume spikes arc
removed.

. 16 background D2 lamp
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e

D, lamp

- —

Second shutter

Detector :
@ :

)

'

First shutter

" /% (
Monochromator

Secctof mirror Third shatter

e

Burner

‘ J
>7 Y Half mirror

~~~~~ — shutter
Ist 2nd 3rd
MODE
lie L.AM I’ Opt Close Open
HoLlow-cathodc lamp hackc.kound COIIHKOTIUN Open Open Close
. LAM I* close Open Open
kiamk emission Open Close Close
Shutter Operation
1 I H H
17 dispersive system

1Y mode



Reflecting face

Curting face

Transmitting
face ™——

11

Aluminized side Quartz plate

Transmitting part

Reflecting part
(aluminized)

Quartz

N\
plate L% '

,F.__ ___.}_

1

~ —

171900 inch

Lattice interval:

Half mirror

Sector mirror

18

Tn lamp
Jj*hced by DC current)

Sector Mirror Half-Mirror

ollow-cathode lamp
ted by pulse current)

(hollow-cathode lamp beam)

Reference beam
(D lamp beam)

Sample beam

Heident light beam

Flame emission beam

-— | cycle —f Parentheses are for "BACK-
20m, (50110 GROUKD CORRECTION" mode.
16.7ros tc ( 60 111)

A

19

« I

' ' sector mirror



Ol B~ WO DN

— O OO0 —J O

12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
21
28
29

inf.

0.10

3.078
1.886
1.638
1.533
1.476

1.440
1415
1.397
1.383
1.372

1.363
1.356
1.350
1.345
1341

1.337
1.333
1.330
1.328
1.325

1.323
1321
1.319
1318
1.316

1.315
1.314
1.313
1311
1.282

0.05

6.314
2.920
2.353
2.132
2.015

1.943
1.895
1.860
1.833
1.812

1.796
1.782
1771
1.761
1.753

1.746
1.740
1.734
1.729
1.725

1.721
1717
1714
1.711
1.708

1.706
1.703
1.701
1.699
1.645

ol

0.025

12.706
4.303
3.182
2.176
2,511

2.447
2.365
2.306
2.262
2.228

2.201
72 e
2.160
2.145
2.131

2.120
2.110
2.101
2.093
2.086

2.080
2.074
2.069
2.064
2.060

2.056
2.052
2.048
2.045
1.960

0.01

13.821
6.965
4,541
3.141
3.365

3.143
2.998
2.896
2.821
2.764

2.718
2.681
2.650
2.624
2.602

2.583
2.567
2.552
2.539
2.538

2.518
2.508
2.500
2.492
2.485

2.479
2473
2.467
2.462
2.326

0.005

63.657
9.925
5.841
4.604
4.032

3.107
3.499
3.355
3.250
3.169

3.106
3.055
3.012
2.971
2.947

2.921
2.898
2.878
2.861
2.845

2.831
2.819
2.807
2.197
2.1817

2.179
2.171
2.163
2.156
2.576



Pu-23

Anl
Pu-28

Ci-19
Anl

k09
P23

A2
P23

aHm
Am2

Il

7

S

S8 5

(. ()

Y D

1130 987 )-2576 »
9W0h 2 018 256

1093 828 < 2576

11360 987 )-2576  a
R0 2 0f 256

10% 1075 < 2576

1093 828 T)-2816 )
9577 2 029 2506

1025 10775 <2576

6.772 4977 )-2516 2
503 B 0416 2506

6353 509 (2576

6772 4977 )-2576 0
4383 B 154 2516

5415 3576 < 2576

6353 509 )-2576  a
380 B L1174 2516

Bl 3576 K 2576

; 14) oa
SN <112
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Pu-238

AAS
Am-241

AAS
Cd-109

AAS
VX

AAS
Pu-238

X
Pu-238

Arn-241
Cd-109

VX

15

14

13

28

15

15

15

5.13

0.6966 1.33%4

07921 1.1223

-0.5492 1.1466

0.1178 0.8972

0.0006 15392

-0.5153 1.0720

-1.7593 2.4536

(cHLid) /- Sdj f

14

13

21

14

14

2.014

2.640

-1.726

0.694

1.624

-1.861

-2.176

2.917

3.012

3.055

2.771

2.917

2917

2917

0-0

T>-2.971

1< 2977
T>-3.012

K 3.012
T>-3.055

K 3.055
T>-2.711

K 2771
T>-2.971

<2977
T>-2.971

< 2971
T>-2.971

1< 2977
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1

0

[* " 5

9 0.1011 3.3024 8 0.091 3355 T>-3.355
1< 3.355

9 0.0388 3.4081 8 0.034 3355 T>-3.355
T< 3.355

T =(djUd)y/ SANrT («0 001
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