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nunou

Junasu
o-ColUJ

daunasuqanau (absorpt1on spectrum)
{iadution: Qoutuaniu=wuQanauudavn
Umwuen:)maumww NRLNaLauQanau
tualunasucollov (continuous
spectrum)

awnasutlavoon (emission spectrum)
1Aaduldpo:apuNgANS: auLdavuay
(Wavviu) oanun A2IWENIAZUUDVULEVA
Uapgoonuaiitdudnuruzlawnzupvucdia:
510 159121 adnasuidu (line
spectrum)
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Hydrogen Absorption Spectrum

Hydrogen Emission Spectrum

l |

400nm 700nm

H Alpha Line
656nm
Transition N=3 to N=2
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E, 3 E, E, 7'y
Incident light Transmitted Emitted light Incident light Transmitted
(specific A) light (specific A) (specific A) fluorescence light
S— — ‘ —
E, E, A E, A/
(@) Absorption (b) Emission (c) Fluorescence

Energy level diagrams to show transitions associated with (a) AAS,
(b) AES, and (c) AFS.
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Classification of Atomiec Spectroscopic Methods

Typical Atomization Types of
Atomization Method Temperature, “C Spectroscopy Common Name and Abbreviation
Inductively coupled plasma 6000—8000 Emission Inductively coupled plasma atomic
emission spectroscopy, [CPAES
Mass Inductively coupled plasma mass
spectrometry, [CP-MS5 (see Chapter 29)
Flame 17003150 Absorption Atomic absorption spectroscopy, AAS
Emission Atomic emission spectroscopy, AES
Fluorescence Atomic fluorescence spectroscopy, AFS
Electrothermal 12003000 Absorption Electrothermal AAS
Fluorescence Electrothermal AFS
Direct-current plasma 5000-10,000 Emission DC plasma spectroscopy, DCP
Electric arc 30008000 Emission Arc-source emission spectroscopy
Electric spark Varies with time Emission Spark-source emission spectroscopy
and position Mass Spark-source mass spectroscopy

ST2092312 AMISILAS1RAIULAZDVDD



N1SQAONAUS:QUD=C1DU

S:QuUWavvIUYDVLCIaD:DUDanyeu: ighes
[@WIRaM2:Una 2:0DU: aans Aau NN\
waomumao H3D aniu:wu (ground 2 VAVA
state Eo) [Halasuwadoviua:aaua:dull T

E)EJUI’]S OUWE—'I\)\)'IUE;I\) HSD dnlu:=ns: C]U /\/\/\/.

(excited state, E,) s

= squca: UUOUS ouwaomuumﬂmor\u voin1sqQanadu
wavuluRAUEIAAURTVIQsW: (spectroscopic line) 5o
LUuanuau:zlaWI:AdUDVLCIA=SC)

" A1SQANAUWAVVIUD: mZHataﬂmsaunanouaﬂao (valence
electron) UaosmeUaauamu onanu=wu (ground state)
(Uganu:ns:Clu (excited state)



Na Otausdlanasautuaasina-3s 1 D

4d

. msocmauIWmaumouumﬂmSﬂs c1u
Uaoataﬂmsaummotnasuaoa QDU
WEouuciNITUGIVIADSAGWAVVIU
Jund

= 1ag Na D0nistlagus:auwaviun
putuatlUasudINDDStNa-3s W 3p
(q)

= AR UWAagUDINDDSTRa-3s U 4s Las
V1NPosUNa-3s J 3d

5s

Energy

Na : 1s? 2s? 2p® 3s
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Na® — Na — Na°

ground stake
sodium atom

=

exrited stake
sodinm atom

-

Hjj;lm

ground stake
sodivm atom

P

0.8+

0.6+

0.4+

absorbance

0.2+

3s — 4p

35— 3p

0
330.0

1
| T
330.2 3304

\[\

wavelength (nm)
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Energy (eV)

Sodium

Z: 11 Toniz. Pot. : 5.138 eV
ground state : 1s" 25 2p6 3s
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35000
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KANNISLA:SOUUS:NDUUDILASDY AAS

DIAYHANNISQONAULAVUDVD:(DUDAS: (free atom)
UDVSIQ BusqudazsiaaiwisaQandundoniniu
£1DAAUTIUWIEIA |
LdauaomﬂuHa'mﬁLﬂomua~mau5as~uaosmﬁautatu
annu: uﬂaHsaIa V:1AANISQANAUWIVVIULIVNIH
alaﬂmsaunaajouaﬂao (valence electron) uovsQ
LUAsuanIu=onaniu=wu (ground state) TUganu:
nS:QU (excited state)



AAS Aoo:ls

. LnnGnms5msw:ﬁswqﬁmﬁoqmmwuaztﬁo
Usuneu
= JIWIsatEdLASI:KEsIalauINNIT 70 810
= 31AST:RIAS:QU ppm Ua: ppb
= 31AS:KIASOALSY TAUIAgY ANULLULA:D
anmwidgv
= Atomic spectroscopy duuntdu 2 NAUAD
* optical atomic spectrometry
* atomic mass spectrometry

ST2092312 ASILASI1=KAIYLAZDVD

Alan Walsh was the originator and
developer of the atomic absorption
method of chemical analysis, which
revolutionized quantitative analysis in
the 1950's and 1960's.
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AAS

KannistnAadA

= Hannsa1AtyAD NMSATHD:OPUUDVSIQlUaISUS=NDU
inaldua:=apuULas 18931 atomization
» dovudnssuwavviumnmeuantdniUtwantsnadu
D:Q1DULAS U
- ADWSDULIALUAdIW
- ADIUSDUDINTWWA
» fEEsIQLAaNISLAN (dissociation) KSaLUdsutROU
® (vaporization) KSouancmMWup:=0oU K3orMiKD:1DU
Dejtuaniu=ns:au Ksonarallulooou



aisus:znouldauanciuo: mauuaa
nargluld K3oLAQNISAS: au lUE)E)EJ
Meta Thermal equ1l1br1um vIudU
D= maunaatuamu nSs:QuU (N;) o= Wu
aoaautoamsonumuaua maunaatu
donu: WucioHUI8USLNAS (N o)

avdu N, dvtduugnmalagasviundy
LJUUUUDVaIsa:ale

Ni_9i sk
No 9o
N;
N = Sudu:npUYDVSINNDEIUANU:
g(? ns:quuaanIuzwu awaidu
g—J = statistical weight uovanu=ns:qu
; :

La=aniu=wu cnualdu

AE = s:GUWE0VIUNCIVAUSHIOEAU:
AS:auUAUINIU=WU

k = Boltzmann constant (1.38x10-

erg/deg)

T = DTUKND (KUdg K)



Shusu:apundgiuamu=ns:qu dotduuray
tRoaguDDNUITDILIUUDYNIIDIUDUD:CIDUN
DejituanIu=wu Fulludoduovlnada AAS tu
LlBVUDV sensitivity la: detection limit

AE UDNIKNS1UAVAIUYINVIYTUNIS

e—AE/kT

= §16) Resonance line g/g, AE N/N,
annsseu x (nm) (€V) 2000k 3000 K
= AET ﬂuﬂﬂS:C]UEﬂﬂ - -
. AEL ﬂuﬂﬂS:CL]U\)"]EJ Na 589.0 2 2.10 9.86x1o7 5.88x105
T ﬁ'lfﬁS‘]C]LﬁOlfJUE):OE)ULEIE' Ca 4227 3 293 1.21x107  3.69x10
— — -10 7
= T+ 1AQD-CDULaE I Cu 324.8 2 3.82  4.82x10"°  6.65x10
—_— —_ -11 -7
Zn 213.9 3 5.80 7.45x10™ 5.50x10™°
ST2092312 MSILASI:KAIYLASDVND 13



LNAUAUDY AAS

Flame atomization tdtuns:udunsNItRalscogIvLanIUuD:=CowU
Aeadiw (flame) AlHUI:au >>> FAAS

Flameless atomization (3lUN1ISAS-UDUNISNIIRaISIDEIVaa1gucd
LWWuo:=aouTadrgnUSHUNNNS:LIIWWA (electrothermal atomizer)
>>> GF-AAS

Hydride generation LUumstHsmnauZaumﬂmZuuss&nmﬂn
Us1AvINooN3ELoU LWE)UE)\)ﬂUfT\SSI)UCDUE)\)S']C]ﬂUE)E)ﬂUlDUlla smn
autamaonawLUuIanm&JnamHﬂUHao AxensSAdsRLIUUlBlasAuan
muILJZULUaJIWIaIOSLDu Sk n'ﬂHS"IC‘Iﬂa"IEJlUUE) aoudads:zla ua:ztnAadn
4aeutddAs: KS1Q As, Se, Te, Ge, Bi ua: Sb >> HG-AAS

Cold vapor generation ZusmnawmsmUaauquanma LBU NS
31As1:KUSONADUSUNrUlDE >> CV-AAS



dadou

Us:=NouuovlASDY AAS

Diagram

Focusing Lenses

[Radiation Source

Atomizer

Wavelength
Selector

Sample

Signal Processor

Detector

Amplifier




AAS

fIDUUDVLIASDVY

douus:

Light source

* Hollow Cathode Lamps (HCL)

W0uKanauAINUsSsY Ne HSD Ar NJAU '
QU 1-5 Torr Myluds=NouKRanQQdg
« JouAlna  Butdulanr:sunsvuns:uan
NAJVAUAIYWVIAHLAWIZSC)
. Joudlua mMadglan:tdiAarganvalau
wWuunotan
« Window N1QYAIDABHSDEAM

* Electrodeless discharge lamps (EDL)

(BAU As, Se Ua: Hg tws1:tRanwid e
QNJ1 Wa: EDL tHADULUUUDVLEVFVNI |
ZuMIKLWUTQIAQUDVNISASIIAIOA




NDUUDVLASDY AAS

uUs:

dou

Light source > HCL

Anode Hollow Cathode

Glass shield Inert gas

(Ne or Ar)

§72092312 ASILAS1=RAIYLASDVD

Quartz window

ISR
- AGING TECHNOLOGY

gouslua (anode) MKNAdvAIUNSLFWWALA:LTU
UdasvdIUYDVLATNQ

LODTRUS VAUTWWAAUTITWWAADEDY E)laﬂC‘ISE)UO QN
Uaaaaaﬂmua BUAUD=ODUUDVIAAIADE MIRUAS
Laaaumﬂmwut‘aaau (ionization)
(92DUUDVUAALIDYVYALSVIRWOBUWURNIUDVLLATNA
NMIKLIAQNS:UdUNS Sputtering Fvv:0vD:=QDUUDY
laK: ﬁméauumnoaaﬂmtuamu una

o:Q1oUlaH: naﬂUaaaaaﬂma nAANS: muZHLUaaumﬂ
anu=wu (ground state) Jwuaniu=nss: mu
(exited state) LWUDD: mamaunuaamu Wu 2:Udoe
waomutusUuaouaonun:nuan:)naumtww Uovsia
du a
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uUs:

dou

Light source > HCL

high quality

special cathode technology (e it
window materia

for clear signals

larger gas volume

f | lifeti
standard- or or a long lifetime

coded versions
mica disc
for isolation

ST2092312 MSILAS1RAIULAZDVDD
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Electrical Contacts

\

Alignment Pin ——

Quartz End Window

\

Isolant

‘( thodcll l

A node

7

1- Sputtering

2 - Excitation

3 - Emission

] J ]
Art A Art M* s M A ho
<’ i gt

M M

] ] ]

1. Sputtering 2. Excitation 3. Emission

| ] ]

Art

o

ar

M ——— M°

Mo e Mo+ }v
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NDUUDVLASDY AAS

uUs:

daJou

Light source > HCL

UoQuovHana HCL

» RuavN0AIWE1IAUSUWIUDVSIA

= Jdruruncusunouch
UAdULanestuniIsisviu

Jpo1NaKRaDQULuUU multi-element HCL

= JnisudoguavAinnuLducinIHaDaLUU
single-element

= Jnist@ouaniwuovualnatdatdoiudu
LDauu

ST2092312 MSILAS1RAIULAZDVDD

" LUV single lamp
" LLWU multiple lamp

H Single Element Lamp
Li Be B C:i N
Na mg Al S P

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb
Cs Ba H Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi

.La Co Pt Nbl Pm 'Sm. Eu lGd ‘T Dy 'Ho. ‘Er Tm ¥b
-Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No

Dual Element and Multi-element Lamp

Ca-Mg Ag-Cd Zn-Ca Pb-Cu Pb-Cd Fe-Mg
Zn-Ca-Mg Al-Ca-Mg Fe-Ni-Cu
Zn-Cu-Ca-Mg-Fe

Te

Po

Lu

Lr

Cl

Br

At

He
Ne
Ar
Kr
Xe
Rn

19
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fIDUUDVLIASDVY

douus:

Light source > EDL

KanaUaneus=ouuuliidud (electrodeless discharge lamp)
WuuKavAldasvauuulduuaiiAudundaogouin (gondiHasa HCL 1-2 1)

= KanaNTKUNGIVAAYAIDOE T

= Mgluussyolan: Hsamaatataouaotaﬁ A /
ADVAISILASIER La: ussaunamaamwuou \E
2-3 atm

= Haoa EDL IBWAaVIUINAAUTUTASIOWHED Quartz window Lamp

Z)nEJFD']Uﬂa\)ﬂS AuIRIAQNISLANCIUDVUAG
1308 Ar lUU Art La=olanasou

= Art QAlsvlazsunublas: NMKINaD:00U
lan Zuamu unauas Dgtuaniu: NS: au

» lago:oulan:=tuaniu=ns:=au gululadesdy
Uangsuauuulauunvo:=0oulas:=0onul

§72092312 ASILAS1=RAIYLASDVD 20
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NIDUUDVLASDV

douus:

Light source > EDL

» EDL Rdruruituuavniduniigana HCL

= JD1gnIstEuiugiduIundIHana HCL

= JrynyntuusvlaztiAIubgundisana HCL

» IHUN:=EHSUs1aRtRdytutudLdoidHana
HCL U aisHy (As) Ballguy (Se) ua:
unaLdgy (Cd)

§72092312 AS3LAS1-RAIILASDVID

AiadauA o
HEALTH, COSMETICE ANTH-AGING TECH

21



AAS

NIDUUDVLASDV

douus:

Atomizer or Atomization

» FHunMiBp:QpUUDVSIAIUANS
ogvinaltdud:=aoudas:
(free atom)

= WauVIUaIKSUNS:UdUANIS
atomization U 2 uwuuU
1) Flame atomization
2) Electrothermal
atomization (flameless)

ST2092312 MSILAS1RAIULAZDVDD
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fIDUUDVLIASDVY

douus:

Atomizer or Atomization

1) o=clugosuuuladiw (flame atomization) 1SgalnAUA FAAS

2) D=aolLoSUUUISIUAdIW (non-flame atomization)
2.1) WavuviuAIUSDOUNINNS:ULAIWWA
(electrothermal/graphite furnace) (SgntnAdA GF-AAS
2.2) UPAsentAd wu msmitHogtusuansus:noulolasa
(hydride generation) 1SgntnAln HG-AAS
2.3) miss:HeLUTD (cold vapor) d&HsSusiausan (Hg) 13en
InAUA CV-AAS



NDUUDVLASDY AAS

douus:

Atomizer or Atomization

AlulafiquAy dendeea:msu<Badl

A o
HEALTH, COSMETIC B ANTI-AGING TECH

i

Solution of
. ; . analyte
Conversion of the liquid sample to
3 fine Spray. Nebulization
Spray
Solid atoms are mixed with the
gaseous fuel. Desolvation
Solid/gas
) aerosol
Solid atoms are converted to a
) Volatilization
vapor in the flame.
Gaseous Excited || hp sficlectlar
molecules molecules
Dissociation
(reversible)
Atoms Excited |1 . 4y atomic
atoms
Tonization
(reversible)
Atomic Excited || ki dtoinie
ions ions

§72092312 ASILAS1=RAIYLASDVD 24



NDUUDVLASDY AAS

douus:

Atomizer : Flame Atomizer

KUAA : Transform analyte solutions into free atoms in the optical path.

Sample Introduction System: e
= Create an aerosol of the sample mixed {Jﬁﬂhd
with fuel. Hum’f::;md
= Aerosol must contain fine droplets for | Flow spoiler locking ring
efficient introduction into the flame. ffffé'l’i“ retaining screw ' Pressure
relief vents
Components: "'”“""x%_
* Nebulizer: Creates the aerosol from the Ntz _ oo
sample solution. ;
= Spray Chamber: Removes larger canitacy / Nebulize " |
droplets from the aerosol to ensure Towsste  gdant

only fine mist reaches the flame.

§72092312 ASILAS1=RAIYLASDVD 25
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Laminar flow burner

Sample is “pulled” into the
nebulization chamber by the j

flow of fuel and oxidant. " H { =

solution
Burner head

f

High-pressure
gas flow

Burner head
locking ring

Flow spoiler

Auxiliary . 53
d retaining screw
oxidant Pressure

\ relief vents

Fuel\ >
Ne.bul.izer ° Flow spoiler
adjusting (Panton plastic)
knob. Z
. Contains spoilers (baffles) to
i:;?ﬁzy X Nebulizer allow only the finest droplets
/' To waste oxidant to reach the burner head.
Nebulizer

ST2092312 ASILASI1=KAIYLAZDVD 26
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fIDUUDVLIASDVY

uUs:

dadou

Atomizer : Flame Atomization Processes

1. Sample Introduction
* The sample solution is introduced using a
nebulizer.
* The nebulizer converts the liquid sample
into a fine aerosol or mist.

2. Desolvation
* As the aerosol enters the flame, the
solvent in the sample droplets evaporates
due to the high temperature.
* This step leaves behind small solid
particles or dry solutes of the analyte.

e‘*‘o
lony MT* N hy

lonization Tl & M*
@

(atom) M4 AAA

atomization Tl

(gas) MX

vaporization T

(solid) @ (MX),

desolvation T

(solution) . M(H,O)m , X~



AAS

fIDUUDVLIASDVY

douus:

Atomizer : Flame Atomization Processes

3. Vaporization
 The dry particles vaporized into gaseous
molecules or atoms by the heat of the
flame.

4. Atomization

* The vaporized molecules are dissociated
into free atoms in the hottest zone of the
flame (typically the reducing zone).

* These ground-state atoms are capable of
absorbing specific wavelengths of light
emitted by a hollow cathode lamp
corresponding to the target element.

M*
.\00
@

(lon) M*e%m hv
lonization Tl & M*

(atom) M4 AAA

atomization Tl

(gas) MX

vaporization T

(solid) @ (MX),

desolvation T

(solution) . M(H,O)m , X~
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uUs:

dou

Atomizer : Flame Atomization Processes

+ *
g
fom) M* ‘/J\th

lonization
(atom) M
atomization
(gas) MX
vaporization

(solid)

desolvation

(solution) . M(H

ST2092312 MSILAS1RAIULAZDVDD

Excitation

Atomic ions =

lonization
(reversible)

Atoms
Dissociation
(reversible)

Gaseous
molecules

Volatilization

Solid/gas

aerosol P

'
Desolvation l

e LT
S R o
ray ¥ :
pre ‘.;rﬂd.:__‘
: 35 ..
Nebulization

Analyte solution
© 2007 Thomson Higher Education

Excited
ions

Excited

atoms

Excited
molecules

N

inAlulafigumw ASeodenoUA:sRdE
HEALTHL CUOMETI BANT AGN TECRHOLOBY

lonic
hv

Atomic
hv

Molecular
hv
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AAS

fIDUUDVLIASDVY

douus:

Atomizer : Flame Atomization

DVAUS:NDULA=)TURADIUDVLUAIIW
JuDENUDAOSIAUNEUUDY o
unatdowwav/osonduaun (fuel/oxidant)
MikasiwdauuanuancivAu 1Egu

1) Oxidizing flame HSD fuel-lean flame e
WutdasiwntSidotwavliny 5 oxidant s D)
Uala SN
2) Neutral flame H§Q stoichiometric
flame WulladiwniGidoitwavua:zonnA 5
LW TRUOWDA ‘"’

3) Reducing flame HSD fuel-rich flame -

* Ground state analytic atoms

Wuldaswnisidolwaouinnnuna



Atomizer : Fuel/Oxidant

n
= = 9EuKADS:H3V 1700 °C fiv 2400 °C
- .:—nm'?‘ﬂtﬁoﬁ:utﬁmﬂmst@ﬁatwéo
_18 UGomqu s:)uﬁquwFlLchTa o
G ooNBlay (oxidant) BuNTURAULBUU
8 aIsaMR:aplUBIAWIDDE VN
) dareadiaviginuu

2 = dIHSUADDEIVNNUADIUSDUTY

T (refractory samples) 910Juciouts
5 nyoaNBLOURSaluaSaNTBAIUUC
= 00N3GIaT FulldIESIUAULEDIWED

"G

MIIUD:aWNSAIR 9TURADS:HIW
2500 °C ©iv 3100 °C

Maximum
Burning
Temperature,  Velocity,
Fuel Oxidant °C cms !
Natural gas Air 1700-1900 39-43
Natural gas Oxygen 2700-2800 370-390
Hydrogen Air 2000-2100 300-440
Hydrogen Oxygen 2550-2700 900 -1400
Acetylene Air 2100-2400 158-266
Acetylene Oxygen 3050-3150 1100-2480
Acetylene Nitrous 2600 -2800 285
oxide




NDUUDVLASDY AAS

uUs:

dadou

Atomizer : Flame Atomizer > Flame structure

= primary combustion zone

WuTsuNRUIWEUNLSU wasldidaauqandusau

" interzonal region

WWuusiaunogiasvnaltvuovtUasiw Joudu

0:01DUOdS:=gV
= outer cone

LJUUSDULANDATBASIA UALAQNISASEDE

UouCD0g10donA

Quiter

secondary
cong -

Intarcanal
region

PHmany
combustion
z0na

lemperature

§72092312 ASILAS1=RAIYLASDVD

.('J
. o~
Maximum - !

Burner tip

interzonal
o

T
’_-’

Primary

~ FOne

Wuusrungaunaatutastw 1ha
combustion pgvauysed Lo
sample AU solid par WIULTTUD:
NHLAQ vaporizationua:
decomposition AJStEIUAdIW
USLOEuUltUNISILASIH

Secondary
combustion
zone

lmcr/.onul\

region i—

Primary
combustion

\m zone

A

Fuel-oxidant
mixture

© 2007 Thomson Higher Education
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NDUUDVLASDY AAS

uUs:

dadou

Atomizer

: Flame Atomizer > Burning Velocities

= WadIW:AVMIALWIUEIVAIWLEIMSTRAUDVMBALKUEULAUU
- H']ﬂF‘IZ)']UlSZ)ﬂ']STHaUE)\)ﬂ']UO']ﬂD']F]D']UlSDZUﬂ']SlN'ﬂHU VERIBE aﬂEJE)UﬂaUlZﬂEIHZ)

LW U\JLsaﬂUsmgmsmum "flashback”

= A WEOnMIsIRaWUTU tWadlwo:s EJﬂOZ)EI\)UUD‘]ﬂHZ)lW‘] DUﬂoaonmesauaomstHa
UDVNIBLAAUAIULEIIUNISINATKL UoooummuuusommUaathmwmaﬂas

Maximum
Burning
Temperature,  Velocity,
Fuel Oxidant C cms !
Natural gas Air 1700-1900 39-43
Natural gas Oxygen 2700-2800 370-390
Hydrogen Air 2000-2100 300-440
Hydrogen Oxygen 2550-2700 900 -1400
Acetylene Air 2100-2400 158-266
Acetylene Oxygen 3050-3150 1100-2480
Acetylene Nitrous 2600 -2800 285

oxide

msmunuamswmstﬁauaoaauwau
[@olwavuas maaaﬂzﬂou WuFoni
mwuamfuasnoao
DC’IS‘]ﬂ’]S[HaanU’l auuuuaaﬂuuuo
Uaowatwaoua hoondladNtguu
LlpvonLd@aiwavudazus:L.nni
ATUAUUGIUNISLWITHULONCIVAU



AAS

NIDUUDVLASDV

douus:

Atomizer : Flame Atomizer > Temperature profile

5.0

4.0

3.0

Distance above orifice, cm

1.0

0

© 2007 Thomson Higher Education

1600

1400

l

1700
1750

1800

1830

| | I ‘

1830
1800
1700

|

|

1.5

1.0 0.5 I 0 I().s 1.0 1
cm cm
Burner tip

o

* The maximum temperature is
located in the flame about
2.5 cm above the primary
combustion zone.

A temperature profile of a typical natural-gas

air flame for atomic spectroscopy
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Atomizer : Nebulizer

Waguaisa: awZHuJua DOV ﬂaua\JLmatUaJIWLwamZHLﬂoa QoUods:
AS=UIUNISWUA-DDVATUS-GNSAWEISLWUAIIULLUSILA=-AUDUDVAIS
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sidearm Sample Argon
n ]

Concentric nebulizer Cross-flow nebulizer
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Disadvantages of flame atomization

* Only a little portion of the sample aspirated through the
atomization device (approximately 10%) reaches the flame.

* The sample is diluted with an enormous amount of gas, which
transports the aerosol into the flame.

* Many variables influence the production of atoms in the
ground state, including flame temperature, interactions
between flame gases, matrix components, and analyte,
chemical interferences, and the extent to which the analyte
molecular species are dissociated.

" Free atoms are only present in the light path for a short
period typically 104 seconds.
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Atomizer : Flameless atomizer

= GF-AAS : 2:00WBQ28WaVVIUADIUSDUIINASEULATWWA
(electrothermal/graphite furnace)

= HG-AAS : 9:00lU8A29UNNSYIAD LU NMsMitRogtusy
aisus:noulolasa (hydride generation)

= CV-AAS : p=0ludduniss:tkulluld (cold vapor)
diHsus1qUson (Hg)
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Atomizer : Flameless atomizer : GFAAS

= (FHaoaunswWAatunIsNItKLAQD:-DUDdsS: dvlsgnltnAalda unasiwa
IWDSLUQD:ODUTAUDUBDSUBU dawdnlnsalny (GF-AAS)

» guapurthiia atomization wuou 3 Juasu 1GuA

1) Drying stage : LOun1sADY @ A IUSDULAGISIDETD WD
s:lHeMa:aiepaniu Tasundtdarudnid (chn31 100°C)

2) Ashing stage : W0uduaauitiAUSoUgTU (@198 1,500°C)
Worhdaaisdunsduazaisotunss laglutanavavanstHaiuiu
d:uancoanlUikdoudaisadunsgnianosimidu Tagndiuagiu
sUuovlak:=:ponlsQ

3) Atomization stage : (JUdUQDUNASALKEDDEONLNINDTUHAD
3o (@wflv 3,000°C) WatRaastnallua:aoudas:

4) Cleaning stage : WuduaounishiiADIUE:D10



Atomizer : Flameless atomizer : GFAAS (X\
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sample

optical optical ronal
wi n&:mf* l ﬂow . f o w - Graphite tube
optical path optical path.__ furnace " l
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‘\\ graphite tube / To | E/ Light
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2092312 A1S3LASI:KAdYLASDVDD 41




= Liquid sample is introduced into a
cylindrical graphite tube that is coated
with a pyrolytic coating to prevent
adsorption of the analyte onto the

tube.
= The liquid sample sits on the L'vov g
platform in the tube, which delays ‘ |

atomization of the sample until the

gas and the tube reach thermal | 1
equilibrium. oY A W -

= Heating is accomplished by running an
electrical current through the graphite

o
o
=

tube via electrical contacts at the end i | D B . |2osee., .
osing : and atomization| Pyrolysis | atomization : Cleaning
Of the tUbe . pyrolysis |(capturing) (signal

registration)

Temperature (°C)

/

Time, s
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GFAAS : Commercial ETA

Sample port Light

all

Droplet
Light of sample

out

Curved

Furnace L'vov
wall platform

The L'vov platform is a small plate of solid
pyrocoated graphite that is inserted into
the graphite tube. It has a slight
depression in the center, which can
accommodate up to 50 pL of solution
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Stage Temp (°C)  Time(s) Ramp”/Step® Gas(I/min)  Step Temperature Ramp  Hold Argon flow
copper/zinc __ copper/zinc _copper/zinc__ copper/zinc (°C) (s) (s) (mL min™)
Dryin 150/150 30/30 Ram 1.5 .
Aﬁlmﬁ 500/300 20/20 Step P 1.5 Drying 130 I S 300
Atomizing 2300/1300  4/3 Step 0 150 5 30 300
Cleaning  2700/2700 3/3 Step 1.5 Charring 1600 10 30 300
Cooling 0/0 40/40 Step 1.5 o
* Atomic Absorption Spectrophotometery. Atomization 2000 0 3 0 (read)
® Increasing temperature in step mode. Cleaning 2600 1 3 300

“ Increasing temperature in ramp mode.

ST2092312 ASILASI1=KAIYLAZDVD

Cr hollow cathode lamp. Wavelength: 357.9 nm. Lamp current:
25 mA. Spectral bandwidth: 0.7 nm. Integration time: 3 s. Peak area
measurements. Transverse heated pyrolytic graphite tube (THGA)
with integrated platform. Injection volume: 100 pL (five 20 pL

aliquot)
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Atomizer : Flameless atomizer : HGAAS

»  siquivstadvliauisatlasuldup:=aaudas:lalagasvxiu flame
atomization HSo electrothermal atomization Ldaomﬂswq
IKadouuduno:tAiaoanTsaniANULaTYSTY

= HGAAS : nstiauiasens:KIwlan:Aawisanadulolasd 1aun
As, Bi, Se, Pb, Sb, Sn ua: Te AUCDSAIY 1EU NaBH, tuaisa:ang
nsa Woalldsulak:NdavnmisitAsi:HitkogtusUuavlalasd

As3*+ 3BH,+ 3H* - AsH; + 3B(OH),

a1sus=naulalasdniAadugawddisadussachagvlag
uAdIdoe 1wu N, H52 Ar o:Uiwnlalasdidngnanlaad
(quartz cell) AmMrALIuIBadUssacHg1VATRAIWSDU
dv (~900°C)
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Hollow Cathode Heating Cell Photomultiplier
Lamp ] Tube

........... : ' e - -
A .

Monochromator '

Peristaltic Gas Control Unit
Pump <

. = &=
' Reaction

Carrier
Reductant
s Beaker

Gas Computer

Sample

Buyukpinar, C., Bekar, B., Maltepe, E., Chormey, D. S., Turak, F.,, San, N., & Bakirdere, S. (2018). Development of a sensitive
closed batch vessel hydride generation atomic absorption spectrometry method for the determination of cadmium in
aqueous samples. Instrumentation Science & Technology, 46(6), 645-655. https://doi.org/10.1080/10739149.2018.1439060
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Atomizer : Flameless atomizer : CVAAS

InAdAtunduD:aplutasSLUUISIWasiwhtdnisitiiiaduld (vapor
generation) (Walagumagwtrtlute d&HsunisiiasiHusan
(Hg) LNIUu

LUDvoN Hg DAtuauuatuniss: LH&JLLJuIanmanamHﬂUHaoua~
aunsnogtusUuovo: apuLasDTasldovtdAnusSoudINUaIIW
Hann1sNIvIUYDY cold vapor generation ADNNSSAIBUSDNADY
aissaoy WU SnCl, tuaisa:algnsa LWDSQD3 Hg2* tRnalalu
Usonlan: (HgO)

Hg?* + Sn** > Hg® + Sn*

[oUson (Hg®) ﬂﬂszmawaaussamamomma
A2D018 (quartz cell) oaaunazaaa lou N, H5D Ar
IonJucioviRAI WSOULWULAL
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4 Hest accessory Quartz Tube h
CV-AAS
- Photo
'T ===t .- - ==  multiplier
- | Detector
\. L l J
0 [] — k. Monochromator
Hg® s:irgua:ogtuaniu:=0:ouoas:la
[DV A15C1SIDI0deysy1eUUDY Hg
Qanduuavn 253.7 nm S
Pure air Computer
i . Mixer — ; \
r | &
Peristaltic pump \. Gas control Valve
s o = | Gas-Liquid Separator
' T 2 ResctionCail
| S

HVAC Air
Purification Systems
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Atomizer : Flameless atomizer

Advantages
= Very small sample sizes (0.5 mL to 20 mL)
» Very good sensitivity (i.e. detection limit ~107© to 102 g
of analyte) because:
1) inert gas provides non-reducing atmosphere
11) longer residence times of atoms in the furnace
i11) high temperature leads to higher atomization
efficiency

Disadvantages
= Relative precision lower than flame methods (~ 5 — 10%).
= Slower than flame methods.
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Monochromator

asugnuav (wavelength selector) MKINALYALEY

(RIAADIWEIDAAUUDVULAVNCIDVNNS i

. Iututﬂsmmaswuaauawnfyuao AAS Buo:ldon ——
mwumanauuaouaomhm JuWoLeNdryruIeU
Uaoswqnautaaaﬂmﬂawmwmsumu

= Jouts Wilulasutaasuuulnsady (diffraction i
grating monochromator) (GRaNNISIAUIIUUUDY
uaonmﬂﬂs nunaulnsadiv (optical grating) 5v
lUUllNUI’]USE)\)laﬂ a JUdULIA SDVIKATMIN
uaomomsmaatu.uua:uaﬂaaﬂLUuatUﬂmsuuao
UWavnAdIueIdAAUCIVAU ADIUYIDAAUNCDVAIS
v:pALannlagUsuyuudLlnsadiv

White Light Slit

y

Diffraction Grating
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dsina-dsinf=A focusing mirror
collimating mirror

Gratlng Equaﬁun: entrance slit s — . _ 2 aexit Slit
m. = d (sin a + sin B) Q -
Fig 4.9 Diffraction grating lightsource detgcmr
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Detector

JoutdHanalwladadwanoas (photomultiplier tubes, PMT) Boldu
HanQdoytyunA mMetuussyalgbluala: Wolua Haoalwlauadwalaloos
Sk lUEIEJUlla\)ZHﬂa’]EJlUUEIfoU’]fUI’]’]\)IV\/V\/'] FoldudadulasgasvAundULTU
Lavonanns:nuLATNAluKana TWiaadwaneioos

Photocathode
! Focusing electrode Fhotnmultiplier Tube (PMT)
lonization track

Ii ‘-'II /

‘.

i 2 |
----- —
J!-'III-'Jll.'I!E‘,'lEI | - ‘-\I ‘-‘\I ‘\I ‘\I ‘-1.\' -:i\l =
Yy 3
---‘-T--., £y
. : | =
High energy | / / j r/’ r/ ._,j —
Flhl:lt-ﬂll'l Low energy ghatons [ —1
H I. ! \ J Connector
! K
Scintillator Primary  Secondary Dynode Anode  PINs

electron  electrons
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I Detector : PMT
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A1SNIUSUITUILASI:BULA:ANSASIYANUEIA

msSmsw:HawsﬁDashotqatﬁmnGn AAS ADSY-WIISTUN :

1) 31ASI:RASIDEIVIWDD:IS ? USUNTUSLASIEKHSDATUNIW
JLASI:H

2) Lmsauawsmamotusansa AUIRIRUN:aUAULASDY AAS

3) aomsaouatﬁwsautumuto Luu laon HCL Uaosmn
31As1:R, USudasInIsikavovldolway o1n1A, daAdU
nNJVUDVYDVLAVLUIDDNDIN monochromator WJudu

4) LldpnldsunsuNISIaWa NAISATUITU (1aDQdUSIEVIINANIS
JLAS:EH



Qualitative

= (NATA AAS TUIHUN:GUAD: Zunmmmwatﬂ51 H LWS1=C0DV
LldgLanua: aULUaaotumswaau HCL wa:ovNn1n1s scan
A WEDAAUAIY SolUADYTYUIEASIDH

awnsatdinalin AAS MAUMWILASIERIA 1GEU Aoons
(1sJvaoudid Ni WuovAUs:=NaUK3DTU NG HCL Wu Nj
Ladw5 flame (C,H,/ air) WWu atomizer IB3AUENDAAUUDY
Ni AiD 232 nm dHSUNISASI9I10NISQANAULTVHSDTY 0N
Jn1sQanduuavtugivanugdndudondld uaavuituans
ogvld Ni WuovAUs:NdU

KL3uAT UMW
[ ]

ANSOLAS
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ANSOLAS

Quantitative

Calibration method
Standard addition method
Dilution method

Internal standard method



Jsunau

*KLGV

ANSOLAS

Quantitative : Calibration method

KU HSUaNSRE VN TIADYD
JUSUNJULA:LDDDIV
TaglAgUAUaISUIASIIUANSIUADIL
LJuduuuusu

fMlagusu signal ATADA blank R
WuAUY uadxdaA1 absorbance Uy
a1sa:a8u1asIIUNAULILTUCIY
q 4-5 AJLWUUU
UIWaU1asS1vnSIWS=KI1AD I
LJUYUAUAT absorbance :10
calibration curve

Absorbance

0.05
0.045
0.04
0.035
003
0.025
0.02
0.015
0.01
0.005

0

R* =0.9998

U 0.2 0.4 0.6 0.8 1 1.2

Pb concentration, mg/kg
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Quantitative : Standard addition method

= 55uAUNKIALIAU matrix effects
lla: interferences

. ﬁﬂoaudoawsa:awaamﬂu 4-5 ddu

» (Auaisa:aigunasYIuNtAULILgUTU
cv 9 waidgoududsuiastniauavid

" ADWJLUUTUUDVAISIDEIVRITADAN
A1S extrapolating TUaaunund U
Ly

RZ =0.992

ats,

20 4101 il
Concentration (mM)

3l

100
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Quantitative : Standard addition method

Jsunau

™ —

AINSOLASIEHLUY

ST2092312 AMSILAS1RAIULAZDVND

Concentration of added analyte, [S]; (M)

Place 5 mL of unknown in each flask
L L o L] |
-
2
w
¥ ®©
= - - - O
Add 0, 5, 10, 15, or 20 mL of standard %
N I I I | <
R —— ) R | e \Reading of unknown
. Fill eacflask to thO-mL marnd mix _ Concentratlon A WithOUt added standard
of unknown, [X]; .-~
///
//
| " | | | | | | | | | L%
o @ © © © -0.04 -0.02 0 0.02 0.04 0.06 0.08
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Quantitative : Internal standard method

= DIAYHRannISIGUaIsuIasYIu
(reference element) ulJunua:s
s10AUaIsna:3LAs1:Ravlutuans
(Mogvla: blank

= UhlUdaA1 absorbance

" H19QS1dJUS:HIIVaSIDEIvlLa:
d15U1aA5YU (Aanalyte/Astandard)

= U1Uoyaluasiv calibration curve

https://www.youtube.com/watch?v= BwKI4mGo58

ST2092312 ASILASI=-RAIYLASDVID

Concentralion of analvie
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https://www.youtube.com/watch?v=_BwKl4mGo58

External standard

O @ @

solvent standard unknown
X X
unknown

y / signal

M

o lllllllllllllllllllllllllllllllll

o

o H

S :

" unknown

/ conc.

& &
0 Conc. of standard x

ST2092312 AMISILAS1RAIULAZDVDD

Internal standard

O ® @ @

solvent standard unknown jnternal
X X standard y
> unknown
S Signal ratio
©
<
S
I S
~
X :
b unknown
© / conc.
< .
S :
D& o
0 Conc. of standard x

O @ @

solvent

Standard addition

N

nAllagau (Ae TSR0
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standard unknown
X X

anill

unknown
conc.

Signal of x

+
m

/

unknown
signal

®
,
3
X
.

0

Conc. of standard x added
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TABLE 9-3 Detection Limits (nhg/mL)2

for Selected Elements

AAS

Ele- AAS Electro- AES AES AFS
ment Flame thermal Flame ICP Flame
Al 30 0.1 5 0.2 5
As 200 0.5 — 2 15
Ca | 0.25 0.1 0.0001 0.4
Cd | 0.01 2000 0.07 0.1
Cr 4 0.03 5 0.08 0.6
Cu 2 0.05 10 0.04 0.2
Fe 6 0.25 50 0.09 0.3
Hg 500 5 — — 5
Mg 0.2 0.002 5 0.003 0.3
Mn 2 0.01 — 0.01 |
Mo 5 0.5 100 0.2 8
Na 0.2 0.02 0.1 0.1 0.3
Ni 3 0.5 600 0.2 0.4
Pb 8 0.1 200 | 5
Sn 15 5 300 — 200

\% 25 | 200 0.06 25
Zn 1 0.005 50000 0.1 0.1

ST2092312 AMISILAS1RAIULAZDVDD

Table 6 LODs (pg) for ETVICHOES

compared with those of GFA AR 2L

Elements ETVICHOES GFAAS
An 1 05
Al 0.5 4
As &0 i
An 10 10
Ha 0.3 10
Ha 1 1
Hi il i) 1]
B 4 MA
Ca 150 5
Cd 1 03
Co 12 1
Cu 2 1
Er 34 300
Eu 12 10
Fe 10 2
Ga 10 10
Ge 10 i
He 4 LY
In 20 5
K 120 2
Li 2 5
Lu 54 00
Mg 0.1 04
Mn 0.3 1
Mo T 4
Ma 404 5
Mi 7 1]
P 100 3000
Ph 4 5
Pt 25 50
R 2800 5
He 100 MA
Hu a5 A
Sh 100 i)
Sc 17 Al
Se 450 a1
5i 100 Al
Sn el ]
Sr 5 2
Te 50 10
Ti f 10
T 300 10
u 3 24pg
v ] 1]
W 140 MA
Y 15 MA
Yhb 18 4
Zn 0.4 1

MA, not available.

(/‘\,
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