AR E5E B

1. #4

e
Y
c
0
oy
—
wn
©)
c
)
O
@
N—

K

light-sensitive detectar

electronic readout system

light source - usually
a hollow cathode lamp

Resonance

(Atomic Absorption Spectrometry ; AAS)
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atomizer
flarne, furnace
or hydride)

Resonance

AAS Component

® Beer — Lambert ‘s Law
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Abs = log —=¢bhc
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® Maxwell — Boltzmann’s Law
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Atomization Process 1

1) Nebulization M+ + A-(Solution)

2) Desolvation M+ + A- (Aerosol)

3) Liquefation MA (Solid)

4) Vaporization MA (Liquid - Gas)
5) Atomization MO + AD (Gas)

6) Excitation M* (Gas)

7) lonization M+ + e- (Gas)

Atomization Process 2
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5) Sputtering

6) Collision & Excitation
7) Emitting & Stabilization

Anode [D Electrical Discharge

\ / Photon
Specific to
;&) Excited Atam

. t

Hollow Cathode
Excitation Ernizsion
E, T Relaxation

Sputtering I
EU o
) el

Hollow Cathode Lamp Operation

Anode

o

Used to measure
Aperature nan-atomic absarption

S Useful from 190 - 425nm
©  Fill gas is Deuterium (D)
Cluartz ©  Discharge current excites D, gas
¢ Winda ©  High light emission through discharge aperature
Thermionic
o Cathode

Deuterium Lamp Operation 1



Waormal Range
) F90-300 nm Lower HTL ma
i 04 > 300-425 nm
0
) hio 0,
|

25-900 nm

190 210 230 250 270 290 310 330 350 370 390 410 430 450 470 490

Wavelength

Deuterium Lamp Operation 2

2. 923X (Atomizer)
1) EZH(Flame)

hurpar
glass bead

nab |li=ar \l

caplilary

Cross—section of spraychamber/burner system



glass bead spray chamber
venturi [

capillary o
tubing g::;g axidant drain
ad]ustar

Pneumatic nebulizer

® Air-CyoHy Flame / 2100 ~ 2400TC
Cu, Pb, K, Na, etc

(Air)-N2O-CyHg Flame / 2600 ~ 2800C
- Al S1, W

Both : As, Ca, Cr, Mg, Os, Se, Sr
® Fuel : CoHo

Oxidant : Air in Air/CoHos
NzO in NzO/CgHz
® Fuel rich flame = Reductant flame

Fuel thin flame = Oxidant flame

2) &4 7]13p A (Vapor Generation Atomizer; Hydride Generation
Analysis)
Quartz absorption cell

<— Omtical path

-

Transfer tube
Pump
T < «— Sample
Gag/liquid .
¢ « Aad
scparator
l ¢ « NaBlII,
Drain
Flow controller Incrt gas (N,)

i
)




3) = 2 (Graphite Furnace Atomizer)

Water Cooling Gas Out Sealed

Cluartz
Wi d o
o S ; | .‘ f- ,
Llen !"1

Ciptical
Fath

Gas Inlet
Flexible Seal

Cross section of Graphite Tube Atomizer

© ©®@®0O O

Clean
Out

Atomize

Cool
fish Down

oEm-

Diry

TIME

Basic Step for GTA Method Developing

WA ]

Step 1) Dry : &7j 2l 7|
I k=4

g 5

Step 2) Ash @ 253 ¢ F7], F71= 33}
Step 3) Atomizer : YAF3} A

Step 4) Cool down(option) : TFS Alg9] F¢]
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3. =37 (Optics)

Monochromator
0
-

Grating =

50%

HCL

100% \.-"
B -..-"\1 00%

o, \

Double Optics

incident ray grating normal

df n

di - aCosf (Forr?

o Linear dispersion:
« nis the order
« F iz the effective focal length

0 Order

1st Order

nd Order
3rd Order

th Order

Diffraction gratings




A, s (Remprocal Lmear Dlsperswn)
% ij]]_]:_i AL O
o 34" (Grating) @ W& AlEete] SPEE 2 F e sHOE
. . A -
BE £35S (resolution) EQE ¥
O A BEIE AL T S o))
raschance line resonance line resonance line
A !
}\ /\ /\ adjacent line
1\ | o o
J LA A )
slit width slit width slit wic;rth
e i CETvanit e

f - W-LW
W Mnoise /J noise

Optimizing Slit Width

1) Czerny — Turner type

I Exit Blit \
Grating C

Entrance Slit

Detector




2) Ebert — Fastie type

Detector & I

Exit 5lit

Grating

LS

-
.

L

Entrance Slit

3) Litrrow type

Plasma

Exit Slit
Detector

N

Entrance Slit

Grating




4. 7AZ=7](Detector)
1) 374 =] (Photomultiplier Tube)
2) A ZFAF 2 AH(Solid-state Detector)

Anode Dynode

Insulator {9~13)

Photocathode

Light Erergy
Quartz
Window
100 Million &mplifi cation of Sianal
PMTe] =&
5. 7Hd(Interferences)
1) ®334 74 (Spectral Interference)
2) &34 7Hd(Physical Interference)
3) 3}8% 7+ (Chemical Interference)
4) o]3} 7+d(lonization Interference)
5) H]EA 74 (Non-specific Interference)
6. Modifier
1) Chemical modifiers for specific matrices in GFAAS
Interfering Analyte | Modifier Effect
NaCl Cu, Pb, | NH4NO3 Removal NaCl
Cd through formation of
NH,CI
Seawater Cr, Ni Mg(NO3), Reduce background
HNOs3 signal, minimizes




interferences

Mo, Mn, | Ascorbic acid | Suppresses matrix

Pb, V interferences
NaClO4 Cu Na2Os9 Reduce interferences
Alkali metal caused by this salts in
halides water and seawater
Al, Mg halides
Blood Pb Triton X- | Dispersing agent —

100 Facilitates dispensing

Serum & Blood | Al, Cr, | Dilute Triton

Mn X-100

2) Chemical modifiers for specific elements in GFAAS

Analyte Modifier Effect
As Ni, Pd Permits a  higher
ashing temperature
and enhances the

signal
Cd H3PO4+ Mg(NO3)s Conversion to less
(NH,»)H,PO, volatile  phosphate
Pd which atomizes at a
higher temperature
Pb H3PO,+Mg(NO3)s Permits a higher
(NH4)HsPO4 ashing temperature
EDTA, Citrate and stabilizes the

Oxalate signal

. e H A H (Background Correction)

1) D2 lamp'd

2) Smith — Hieftie™

3) Zeeman




8. Terminology

1)

2)

3) %

4) %

5)

6)

7+ (Sensitivity = Characteristic concentration = 54-5%)
- 1% FFEE U e 949 =
- 0.0044 AbsorbanceE 7F& dje] 49 %
- BT =9 20 ~ 2008 HElel A Beer-Lambert lawol W&
(working range <A})
- % =(0.0044 x Conc) / Mean Abs of STD
E A A2 (Characteristic Mass; pg)
GFAAS®|A 0.0044 AbsE = w9 #AARo] A&
- EAAZ = (0.0044 x Conc x Sample volume injected) /
Mean Abs of STD
=3 (Detection Limit)
- HEVEI R 7 v 3
- 95(99.5)% AEEE VA HEE 7 UdE v
- HFRERY SE R Ao 3l
- #HA=3HA = (3 x SD of BLK x Conc) / Mean Abs (IUPAC
recommended)
- &34 = (2 x SD of BLK x Conc) / Mean Abs
4 =3k (Limit of Determination = Quantatation Limit)
o] A 573] stolx s AZo] <tE e A9
SX7F AA rEe dve AESA A A
oz Z Fa(noise)wwol FEAQ] unts zt

oX. o
qr Ao
o fo

it o
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oy; @ ro 12 x o

57 =5~ 10x D.L.
H Q] A3} 7] (Choosing Calibration Standards)
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- ARG AEes B we) o
- gurR e Slo] ARFAY AAMSILDR) Sl lefok &

- Linear Dynamic Range = 10° x D.L.(Flame AAS)
102*D.L.(GFAAS)
EA A u}2}u) B (Statistical Parameters)

- A (Accuracy) = Sk Hgtel disk 2=
- AU (Precision) = SAHHIENY 24 =
- ¥ =9 x}(Standard Deviation)

- A EF=H A (Relatively Standard Deviation; % RSD) = (SD
/ mean X) x 100



<Vapor Generation Atomizer;VGA>

1. B9 - A43d oA Redox ¥-gol ol A HydridesE® dAs=

DEC K

2. o

1) Hot Vapor - As, Se, Te, Bi, Sn, Sb, Ge, Pb
2) Cold Vapor - Hg
3. Hk& Mechanism

1) Hot vapor

NaBH,; + Acid - Hs, + 2Hj

M?* + 2Hp — MH;

M** + 3Hy — MH;

NaBH,; + HCIl + 7H,O — H3sBO3 + NaCl + 16H
2AsHs" + 16H — 2AsHs(g) + 5Hy(g)

2) Cold vapor
Hg?" + Sn®* — Hg + Sn**

4. Hydrides and Nomenclature

& TashE
As AsHj(arsine)
Se SeHs
Te TeHs
Bi BiH3(bismuthine)
Sn SnH,(stannane)
Sb SbHj(stibine)
Ge GeHy(germane)
Pb PbH,(plumbane)
Hg Hg

5. Oxidation States

Preferred Alternatives Successful Pre-Treatment / Comments

As®* As™* Reduction with KI(Heating may be required)




Se®* Se* Reduction with 6-7M HCl(Heating may be required)

Te'* Te" Reduction with 6-7M HCl(Heating may be required)
Bi** Bi* Bi** is unstable

Sn' Sn?* Maintain correct Ph for hydride formation

Sp** Sph>* Reduction with KI - spontaneous

Hg?" - Ensure Hg?" is stabilized in solution

6. Hydrides Interferences
O In solutions ...
M + — MHy Because (INT) + Ho ——- H(INT)
O In gas phase ...
MH, + 2Ho(Gas) — M + 2H, Because H%(Gas) absent
O On surface ...
MHs + (INT)(Solid) - M(NT) + 2H

7. Overcome Hydride Interferences

1) Remove the interferent

2) Complex or mask the interferentes
3) Alter HCI concentration

4) Alter NaBH, concentration

8. Optimizing Operation Order

1) Lamp warm-up(10 —= 15 min)

2) Lamp align

3) Burner align

4) Cell & VGA setting

5) Cell align

6)* Measure intrument blank (Without D.I water, Reductant, Acid Just air
only)

7)* Measure blank level (D.I water, Reductant, Acid simultaneously)
8)* Instrument zero (D.I water, Reductant, Acid simultaneously)

9) Start analysis

c.f.) * means omit available

As¥} HegF &4 Hgs WA 4



<Pyrolytic Graphite Platforms>

Graphite tube atomizer(GTA)g ZA &2 HFHol high current pulseZ
SHEWo R WA= AFgde] o SAFHY ==& S7HAA A
5 71N 7= AE T o]9pk e GTAAA Alg+ AA furnace wall
of ARHoR XA HiL o] furnace tubed 7IETOZH A TZYAE
713214 = vk

ol&st GTAE A7} wl$- <31, operation©] 3t
[e)

v
o
=

2O gk 253 Ths st o] o] YA o
furnacre parameters®] ok FZfo] o)A wES
chemical vapor—-phase interferencesZ %+7] t}. o]
713l¥ = UAF (eg; mono halides, etc)e] Ao ¢ &
A =713lEE Y4 EL graphite tube?] wall2%=7} H)A=t3}
get7] el 7185 o] tube W F1Hgel EA8FHA monohalides&
stal dRE= tube IO 2 EAFHA A4, (= analyte compounds —eg; mono
halides-+ furnace®] £%7} J&5& EAARE F73] =AHX7] A4
£ 9T olE A AAE monohalidest YAE7F dojuys =W 9o 4
A AL A EATCEN S AXstEA Feo=A WalE T
=

o]2]3t chemical vapor phase®] interferences® Aoz 7FAsh= W
WMo 3yt platformeS AFEst= Aoy, EFE  platformW o2+
interferences& ¢A3] AAS 7= 53 FAs 2= 203 modifier
5 Aeidoz s AFEshd diF-9] difficult matrix®] sample©l] o
3 BAS gA & 4 vt &2 platform 3 7FA] WS AlgE = Ade
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aE B A feA #4S fGA & ¢ vk AL Aol Hol &
Q%+ standard addition®|y Al89] AAYS A & A8 F dupe=
e e

#9] interferences? A mechanismolM%E & 4 d5o] duty o=
graphite tube 3749 2%+ tube wall®th 100 ~ 300CAHE Y7 &
o] maximum absorbance peak”} Hol&= AlZFo] wall A Bt} 7] w0

platform< AF&3F wj= Wte ] e 2 78S platformol] A vlHto] F
oo 3tth, BEE o x E5lal platformS AFE3FE= A o] wall heating
ARG E oa fgE7F dojxe AL ARdolth. aduE dAps vt
2400CE 9= Cr, Al, VI} & 4= wall heating ¥WAlo] £t} 181}
volatiledr Y40 W8 E plarformS AFg3d= 7o) Z£u},

T2 02 platformS AHE3l= E3L sensitivityE $7HA17]17] 9% A




o] olyz} interferencesE TAAIZIE= do Ut

Placement of platform in the graphite tube
Alignment in the AA light path
Sample dispenser adjustment

Sample volume optimization

or s W

Platform temperature program — Dry, Ash, Atomization, Cool down



ICP-OES9] YA+

FreAdgEetan WEEFHACP-0ES)S 18849 Hittorf7b S el A
electrodeless ring discharges® %2 W73 o]%F 1891WdHF-E 1927 Aol
Thomson®l 9] o 22 <A77} o] Fo Al 53] 2iAo} #38kat G.I Babate
1940 ol gzl A9 PFAES = %E FEetarke] Aol gk S
MA Ak 2ek 4= 9l Babati generator?] frequency’} %S5, AF{F7F 9
=5s A EgavtE A4St fAs] fste] dE
consumption)”} S7-E = AS Ut A A5 e faE A
geol 7k FEor FolAWMA A&AHow fFAH o] W TA|Babat]

&

S St MaE EHFoEN fAEE F
= ZEStA crystalsE SAE HAH o= 19611 Reed
] SH’H AgoZ AEHAT Reedi= quartz tubed] Zepi=vpf2~E A
(tangential flow)So = E‘Eé}gﬁ{—ﬂ] ol&@A dowR A7t ZetantE 3AA
H Zganrt SEId2RE 32y ASdEHE= AL wolEtta Aokt Reed
=3 ICP7F Pr%i‘r@}@. source® AFEE 2= Qb= AANLS A A e

28]

259 o] glomdAE mg- F& SRE V] HEH o2 A9 Ao o] &d
T A= 7L 19649 9 =9 Greenfield ¢ 1965 v]=r2] Wendt 9} Fassel
of o &eH A7) Al AT

1960t Fwtel d=9] Greenfield 253 752 Fassel ¥ 19 #1552 7}
7] EHAow FshrEd EF Yo =ZA ICPE /IEd = d32Q arc Y
spark emission sources®i= &8 ICP sourcest™ liquid samplesE =34 #
At &2 AREEATH ICP &3S dA5T 9 E20EdA 1244
O = AME-Y= flame sources®t #o] Fhed vk ofyet FF EZPolA e
= matrix interferencesZFEHE AHAo®2 AfFF7] wfio] aEA o] oA

Fopzrael A #3871 wo.

o5 247 ATAEA o8] o% @ A% Al AAN AeHI e ICP
sources®] tdk LR o|F 7} o]FoJ AT M 7] GA] B ICP )7E =
& RF power?] A}83 - Hof 24 kW - B8 BRIZo %3 or o|Fo|xt}
Greenfield®} Z19] TR 5L ZeantE 3 st7] ¢sto] Tesla coile] AMES A
bargon Zepavle] FHEOT ARE EEAVE FuHe] 05Y AEEE A
259 71ES HLEkth. Greenfield ¢ 19 TE8EL 248 93 myEA
ICP 7idel et 5315 SIS Radyneol A o] 7ol dujyr] A=
AR v g AL o] T]7]vto] AAELS Woldrt. XN o] 3§ V]S wh



24 dAste] FgMNAHEE oild} TS organic matricesol] ©|27|7FA] FHH ¢
g S&EH7] AFEIA 19609 EEA] Eebanbred] A xR
(performance parameters)E°] YASTHY vHlalso] o= Z S
1969 Dickinson ¥} Fassel& ICP-OES¢ #AEIAZS 10°AE <& 0.1 - 10
ng/mi7HA $FE=d AF3rt. o]5L =Y (doughnut) 2] FHo] sfd3ste
ghante] FAL0R ANEE EPA7IE e A2 7lES o]&ded Tas
Z1& o]59] ICP-OES 7} routine applicationo] QoA #-247]&2] ufo]E-ojt}e}

2 7 gle WF ICP-OESelA vehds 58 e w3t deole s s}

p

Ul

k)
o
o

o] olggt HHE AMEE HARIY EX 9 eI A gws
(multi-channel direct reader spectrometers) #3429 Al-&S 7,%?}&
FAEA S ICP-OES7F /= Q). Greenfield ¢ 19 1%
Nads A= & Jda §83 FA7== g5 goiste] 4 Al
g F A et AAHl Ao gk AFE AL, A initiative
o] F=gho] H H] 523k A]7]e]l &3] F Fassel® Dickinson®] 9+& 1972y
Souilliart®} Robin, 1¥ il Boumansgr de Boerdl 9|4 €3] ttE hardware
¢} parameters& AH&3SH Zlo|glFo]l PFHAUT. Hxo HA L@3LETI7
1975Lﬂ Applied Research Laboratories (ARL)oll 2J3] A B A =d] o] Al7|o] =

71719 thF-E-& 7|12 H o2 ICP source® atomic absorptiono|v} #752HE=w)
’i‘,«] arc, spark spectrometeroll # 7}l w2l o] Ut}

1980 d] o+ 27.12 MHz 2+t 3 (radio frequency)E XTOZE 3t B
o] MEE A= A A7|7F vfg- A F3 A ghol BT o]ef ol A 1
Al ICP-OES9] H] o] #& olft 7|EHoR H& Z7|7YHE o
A ICP-OES FHE9 ¥ dginef vl o2 o).

1980t FHtl=  fFe PCE  F3AY  microprocessors  W3NA
spectrometer®} accessoriesE TUZFAs= WAS =93 A24t ICP-OES 7|
717F - ARbE Y. oluizbA] Al H]go] @ H|A  sequential scanning
monochromator design®} simultaneous multi—element system .2 434 ¥
o] 9Jlth. @Al polychromator®] EZ <l o]dLe zhH]& H] LS A kstAA A
9] A= (productivity ; throughput)s A2 5 Aok Aold=dl vl
A -l A A7gd A gl = AFEE ¢ itk dAo] Sl

1980t FHkel| &= plasma sourceol] ©jsh
€-3l3L simultaneous ICP-OES Xt} #A&E=F )
& 289 = ICP-MS7F /HEE At

Varian< 1991do] * &9 2 Liberty series@}l= Ho]lE 9o 27 =+(bench
top) FE|S] sequential ICP-OESE 7§38} 3it}. Liberty seriest®= - full PC

D=

lo o

ICP-0OES
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control @ A&l optical design® A& 9 o}l=Z 3o vro An|¥ul ol &
Z7] FRHIEI Aol 7171A7] - Fo 545 A A3AIH ICP-OES A
d7] A&}, Liberty seriesi= $-5°%F RF coupling efficiencyS H. YO 24
3] difficult samples®} organic solventsell ¥ ol A5S 71XaL 9lth. Liberty
9] DISC - Direct Serial Coupling of the impedance matching network to the
induction coil — ¥} 40 MHz #5394+ Z8F2~n9] background levelsES YW 30]
T3 ¢ oA E ZTpAvtE vEo] ). Libertyd optical designe 4xF E32p4=
(spectral orders)E Abg3slo] 714 §-4=3 -3 o(resolutlon) AFst  large
illuminated holographic gratings Al-&&to 24 Ho] §8o] £r} Libertys HE3F
A 3bHo] )& color graphics % EE spectrometer parameters®l] 3t FUt%
Ark2le ofgt Ahsxd AZEYoE =95

sk 1991 %ol Thermo Jarrell Ashi= Bonner Denton 2] 10| A3 CID
g2lo] FAEAE ICP-OES? IRISE AHth IRISE  echelle 33H4] wix &
Aestal wA) 2 FAA A - S B4 HEY AT E ] Aolg T

= AstAEAax7d = 7](Charge Transfer Device

detector)E et FPH oz ude= Hx FAS5A(simultaneuous) ICP-
OESSIth . o] A|Z=E& T U MdayeHsE gt F
Sha)2~"Hlo] EAS WA WF olul= A7) CID detector?] &A% EA - Ea
S(UVAlA 10 pm) — 3 AZEo]o ndaw kW3t 755 Fdst=de el
7V @ktd. 1 F9] szl UV light efficiency7F EojA]+= Z2ld] o]+ detector
o 7] ¢l(organic phosphor layer ; Metachrome 1I) & FE3d}o] S upgo] 3
AH(short wavelength photons)E T %1 3o 2 W3l(longer Wavelength)fﬂoi
A H3 g ¢ AdA FHAr} IRIS system©| initiativeEA] 2= F QA wj &l &
LA A9l Windows software H3F AAE A e #A o] thifo] =i o
19940l = ¥ =4 (axially viewed) IRIS - IRIS AP — 7} Y42 Al ).

1991d ARLS Hx9 4449l axially viewed ICP system - Maxim — & 4l
BT o] AJ~Hl2 echelle optical system®| vertical planed] B ¥ ttAk 4l
Aol FxE 7FXa1 YAt} Horizontal plasma@ echelle system® dispersion
patterns €& wf WEHo] 9, ofdf FAWFORE F A wAtEy] do| EHE
A Kol Aotk ARAA o] /‘]ﬂ‘%ﬂ% 5 709 Czerney-Turner
monochromatorsE 7} A3y e e X =9 g 248 &2 s Y
ol digh FAHS Sttt o] Chellogramt maskE Fote] HolA =Hw A
A images(%4%) & fibre optics §38Fo] 24712 E2]9 discrete PMTsZ 7
A #rh AA L] optics assemblyw €743 £E & FAStL 284 AFgS I
&l of=2/A~E YA carbon fibre bathel]l ¢ x]3tt}. 188 Maximeo] 7}
AQA] A= A= ZsekA] Fethe oAtk ek A S5-E customer
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deliveries7} A A71= A H o 2 A3} 71719 tisk A 2 E A Hrh
SEYo%: Maxim customers< o3| 7]7]19 #X, #gle] ot Al 4l
AS 23 9 dHolw ARLo|] Fisonsoll ZHozx Abslo] A& o3l ¢ a1
AT

1993del Varian AlA Hz= & A-s3td UltraMass ICPE 7R3t &
A% UltraMass+= PC 4o ogk 1A gk on| o] datssiete 7|5S At
Aok & HxE ZYavte X, Y, Z 99X A5 283 power A4, gas §H
2 jon optics® ZA o] BT PCol ola)A] o]Fojxt}. &3l UltraMasse ICP-
MS Al Turner interlaced coils®} =2 RF coupling efficiency® 7} RF
system 183l o]x}¥A(secondary discharge) A7zt 27|48 &4 =938
o AXEOS AT I SPS-5 auto-diluter®} TS F83F ROAAE
(accessories)® dgo} Wgsto Z4 Al FS AL oR /A AL I QT

19934 1€ Perkin Elmer= 29" Optimagl: simultaneous ICP-OESE A4}
Fgi=dl o] A]2~"lo] simultaneous ICPol| thdk AWM A 43221 CCD technology %l
t}har & 4= 9lt}. Optimass Segmented Array(7+8 % vf<¥) CCD Detector (SCD)
9} echelle optical configurationg A E&}A =8l SCDE 72940 tiaiA 22 3
— 479 7NERAE FEF7] Yot pixel arraysE EAEA Q] 9 o wjd
3 EAS 7FX| a1 9t} H]E o] spectrometer®] optical system©] EHFEa AX
Edojs BIgE Ao= Hrutxla gYA% Optima +
simultaneous ICP system #ufjollA o3 AFE = & 4
t}. Optima seriest= A9+ axial WAS 1 tSo+= dual viewed
configurationsE 18] FHLol+= th=F US $80,000-90,0004 =2 v 714o|H
Al 'single channel' UV %S 7}3A version ¢ Optima simultaneous system= &
ojof AdHoelal gt

1994d Varian< axially viewed plasma %2} ¢] Liberty 150 AX Turbo — ICP
spectrometerE Al o] W=kttt 53] Axially viewed plasmat= radially viewed
plasma systemse®l B34 8-10 v} 7R %E AETAES A&F3skt}. Liberty 150 AX
U2 axial ICP-OES systemsol] H|aste] -3k B4 58S Astes dH9
AxAQ 7S =93 =4 Cooled Cone Interface, Axial Plasma Optimized
Coil 18]3L Anti-Arc Resonance Coil 5©¢] 27 o|H o]:= E3| difficult samples
of thale] Hojt EX5HS AFals=t). Liberty 150 AX ¥ routine analysis®l
g3te] axial design®] $HAIE FE3SIS] o]Al= o] radial design A|2=ES A&
g e Qlole 4 F e sEEs 2 vk

19979 Varian< Liberty Series IIE sequential ICP-OES #-ofol 4] doF M F
o] 224 Ht}. o]AE Varian sequential [CP-OES 7= 3l &% - Liberty Series
= 7124 o2 LibertyZb Ad & 7bd 87 olyel Aj=& RF system 7]

N
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2 BAEE] W5 59 /14, Plasma96 user interface$} &7]%Q1 AXE
o] FHF - dwiTol 7hedvk. gk Liberty Series I & Microsoft's
Windows95 32 bit multi-tasking operating system¥} 335 &= AZEYol = 717
#z9] ICP-OESE%E 7| ZH 1},
1998 Varian< Vista CCD instrumentE& 7|#3}HA] simultaneous ICP-OES A
Fol xdetAl k. &4 ICP-OESE3e4 4w g8 FeA4d AN 7=
RE s HM(scan 270 st 4= glom g Fhile] A
Fal QFAF ARl RF A2=B3 Ag =i Alme 8% 44
2 %33 Dual View
Al2~"lo] I Q3}A] 2o Duplex Readout Circuitry(2709] #5312 )0 2|3 w&
AEPE Ay Vistag ICP-OES AlZolA 718 -5 71712 =4
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ICP-OES® &#/

=42 (optic A ANl wef

1) 21248 (sequential type) : Liberty Series 11
2) &A1 3 (simultaneous type) : VISTA-PRO, VISTA-MPX
2. EX] w3kl uwet
1) A& (radial type) : Liberty Serres I RLD, VISTA- PRO RLD, VISTA-
MPX RLD
2) %3 (axial type) : Liberty Series I AXL, VISTA- PRO AXL, VISTA-MPX
AXL

1333 A b2 717 (outgasing)oll ek
1) o3 (air type) : Liberty Series I Air
2) A& (purge type) : Liberty Series Il Purge, VISTA- PRO, VISTA-MPX
2. 4%7] 7 wet
1) #Fd=w 38 (PMT; Photo Multiplier Tube type type) : Liberty Series I
2) A3stHd o] HA=718(CTD; Charge Transfer Device type)
DO AstAas7 =718 (CCD; Charge Coupled Device type) : VISTA-PRO,

@ A3st5Y 7 =7]¥(CID; Charge Injected Device type)
ICP-OES9] o]&

FEAgEZ g 2arpEE 34 (Inductively  Coupled Plasma  Optical Emission
Spectrometer ; ICP-OES)« tha3 22 83 45702 o|Fof it}

D HgtdzaEs s s 59 (excitation source)

2) A BEYHE (sample introduction system)

3) #3474 (spectrometer)

4) #1%7] (detection system)

ICP E54¢9 25+ vW$ 7] didd tiFE 17Fdske] & (singly charged
ions)o] 7Fg Hol] AAHAI EE YA 3}8tF(excited atomic species) H3F A
3 nlgR EASL. o9k #L ICP EEYoR AEE Flste] &8
(desolvation ; )¢t E5 A (excitation )S AA EARAS WE&5
Fitol AlREgiFolth E3AE EgavtER Y WEHE BAMS 259 1

of wet EElstAl FH HEA|AHo] AEE HAMAS Al7|E SAst] REEHol
olate] Lol JAPAS] M7t Hlulste] FES sl Hi dEE AR 94
2HEE A4 ARE =T

N ﬂlm <

W]



ICP-OES® T4

ament On
Fifgament ©n: 35 ¢hra)
F Power 1,20 kW
zma on: 21 (hre)

Argon Filter
U=ed: 67 Chra)

Water Cooler = ]
Flow ]
Ok i

; efistaltic Pump
i'-.rgur Aumiliarg 1,50 LA 25 rpm
k MFC 0,90 L/min

f=A4%Zgt~nt (Inductively Coupled Plasmas)
Zetavubeh st} S2sY] 7t UigF FYS o] HMARE o] Fo] i AT
Folgtar & & Qv fFEAdEEavts AYT s BE ol2 3 sl 2L

o} HA719] A (directing ) 52 A (coupling )UAE 7Moo 24 A HT
Coupling X& EXES 2 - 43 Z:W}L Ae =oll o P4 = T2 (water-
cooled copper tube)® ¥ A7} - EFY(induction coil)’dl & Fup9] AF
& TR EN AEE A7)l Q]ffﬂ o] Fojzlt}, o]zldh °E7 FZdA
For Agate MEA Asote g AT o] A Hom T of
23 NAE EYFHA spark 9F e ofwl ik oafa] of2 3 NAE

st AAE DA =N Fehanrt HExE AGET oHA AE dAE
2717 A TS Eo] dAtEe] AAE 9 o] 23tEH = olUAI7bA] whE

A ek o] wf e of= 3 AAES Eoanpl 228 FAE F A
7HA] FE(collisions)oll 2J&l|lA A&Ho=z o3 He=d od HAgL F4 A%
Aoz wAsta glom o]zlo] nig Fepsnpo|tt, ofdf ¥ FA o] o] &H=
A3 A2l ICP sourceol] tgk Aojr}

I‘TF



Plasma Tail

viewing height above -3
load coil M ormmal Analytical Zone

L[] Initial Radiation fone

O—
0
B

=t

Induction Zone ,_r—;—/_’_ﬁ

The Analytical ICP Source

2 A7 A ol AxES AdWs @3}04 27 Hi FAY ofEd
A= T=o 93 7Fd(heating) ¥ o] = » :
# ol 10,000 Kelvin A=9] 2 Fehanp s tiF-2o dxtedl tajr 43
QA A1 = Aol FeH o R 9k (optically thin) Z@fxnte] EAL 1
Fio] 4o gieia F A4 el He(inear dynamic range)E
o] FES 1719 FHstE o3t A AFH. olgd o5 T o=
At AAE#] FEol o O E=A Hal o]ef o] 5 olE°] tAl wE
S El(ground state) = HEoF 7tHA vlE 5o afet SIS WESH

),

%1) FEZ2FZetAnr S EFA(CP-OES) ZagAnigts 129 494 A2S
E3tq E=A & U WEHE A9 AM7|(intensity)®} $X|(wavelength; ME
7M1 A RE A= 7]17] 0t



5T AHY dAAre Eoavte] BE 5
< W Maxwell-Boltzman &2 2|3}

-1 exp( ) ————————————————————— @

&

z|=

N, : Number of atoms in p state

No : Number of atoms in ground state

g, . go: Statistical weight in p and ground state

gy =2Js+ 1 [J: Total angular momentum quantum number]
E, : Excitation energy

k : Boltzmann constant (1.381 x 107 J/K)

S e 92 B o] L5 e oux R Fols ) Zzhe] SEoux
zfololl sy = el FAMAS WES o] W HARAY] A= Aol 554
Bl =] F=9ofl = ARG AE A Al7](oscillator strength)oll Bl & g},

2
[, = Ny2nA fphL3 —————————————————————— ®
mA

P

Ip : Emission intensity from p state

/. Source depth

f, : Oscillator strength of p state

h: Plank constant (6.63 x 107" J . s)

m : Mass of electron

A\, : Wavelength of the spectral transition

e . Charge of electron



ICP-0OES+=

715 ¥ (periodic table) Aol Aol e HYAE EAE 4+ =0
ddo] dAis 2

B

o{t
X
KV

il

-
__I?.:

M
1%
N

o flo W

E Aol (spectral properties) =22 A& (physical
A

= ASE EE AR

T %'iL 455 vk ol E

2
i
X

properties)®

X‘lnﬂ

_4

(radioactive nuclides)e]4 H
7] W olule o
(rare earths) 18l
elements)°l] thalA =
P) S 22 dx
BRG] s A

]Ei—: o] & refractory elements?} 3| EF

(B), MlE&[Be), HAFLDH 22 7hH ﬂi‘é(hght
T At 2FEdo] UV gl 7MaA EAe= <l
Ry 1174‘% HA (purged)E 5014 Blo] sl
a AT

B>

N HME o il
i)
ek

E o
0
N
ir ¢

>

1t

>4

7.7 He |
[ BICINVBIF [He

| Li | Be
| Na [II17 (Allsifpls |clpa
| K [ca|sc|Ti|Vv O Mn| Fe WEOMNITNNNT Zn | Ga | Ge [As | Se | Br ,g,f‘%
[Rb [ Sr] Y [2r [NbMo Fe/Ru Rhi{Pd]|AglCdiIn]Sn|sh|Te] I }Xe
[ Cs [Balla|Hf[Tal W [Re Os[Ir{Pt]AulHg Ul PblBi (PolAt]Rn

Ft
[Co | PrINd P S lEu | Gd | Th [ Dy [Ho [ Er [Tm]Vb | Ly
(Th [ Pal U | Kol Py Amjcm Bk CF L Es FmiMd|Hoilw

e Better ICP detection limits using primary wavelength
[ Better flame AAS detection limits
Similar detection limits

wy Not detectable

Element Detection

Zepans oj2 Azt B2t 39 FANS o]Fn gt AQRrs) of
o Aol g1Xsle] 1 F91E 2 - 43 PRI e FERLe] o8] AHHE. o
A NGFERT 30 BAYS ol FES wdn A& WE EX(torch)?} ¥2

EAdE 3202 oj2@ it m2Es wol s A6 weba 27 4

(W¥inner), =%F(intermediate) 1@ il H}@(outer)ﬂ]i =2
FTHAMNEEFTE AGHY TUS S5t T25 FASE ASE=YFHA - SR
(spray chamber)®} 5 7](nebulizer) - ZHEH AR ooj2E£S EX9 T4 FH
2 $Htsl= gas g SR EL o]23lE AU fFEF Y 'short-
o7& Zﬂ% ol H714, 4 dAA e o

rUQ_I

circuiting'&
R RE E79
;(

S nEdEth old@ et MRlsEEd dHeES
Forn ofFol =

S
ct. Pé‘ﬂ] 2E5EL Y dEoRE ZPanE fAANIE



gsts 3 S gloa AZ4EPoY v sEeRE ZEtanprl fAE &
lthar A ¥ At
ZeaukE JAslr] 98] EX s 2% s2e) gk ¥y v 2o

23 (outer tube) = Z2F2~np7) 2~ (plasma gas flow; Y2702~ : coolant gas)

%7+ (intermediate tube) = HZ7l2 (auxiliary gas flow)

FA T (A EEY T injector tube ; central tube) = A& 22 EHIl2(sample or

nebulizer gas flow; +%H7l2~ : carrier gas)

Zojanl F49 G gele AREEo BA9 FUVE Fa Tejaute] 47}
SHTE FHsteE e Eohan o] we e cxy gy

3]

F4E Aol dASA 2z

Mo

zntE JFsA Rshr] wEed 7
F ES 2Ev Edarte] q9) F2 7P H(edges)o]l ©TE - AR 2
Zo] A BHYE SHst Zetavie FAFE 5 CIPN

vl ‘doughnut’ 7-F)& A o] TES F& 9o AHHsHA Tz

ICP 7|9 F2 et & AXAAES 2 et

#2) 9] & H(skin effect)

1F9 AF7 E2E EAY AFUEE FAEIZAA Uyt Ha FHAA Qo
AFE 2. T2 B4R EES FAce Ax o] Wil
SARHAAMEE o] 674K AFEEF ZHFY 1/e o] HHE §& FIZo|(skin
depth)gtil Aejgth. & ot oA HXo] ZIZolE FHFY AF2el Fuld
317] W&o F357F AAE BHZole Folu AFE EHFEZA HUst €
}.

1

NF3)ley

v FI5(Hz)

n: FAE[= 4n x 10 -9ps(H/cm)]
us: U T2

0: AEEQ'em™)

§ =

o) Zetrnlz Bs 2Y Zohanle ERae ARUES} w3 FUFoE
£024% ANUES} HolAnz Fehav) dEoz Hdol YL AAY wo|
1 o] HYL F3] AEst 324 Bk



N

EE of2E o]gd tE 2, AFHe)olvr AN Edkant JNAEA ARS
2 5 o {7]8mE FF(aspirating) e Wl AlZ=]e] Eof e©avl A
(carbon deposits) A= HA3EH7] 95t A4 oloj7t ZEfawpso FH 7}
2 7= vk

AFof25E EdantEor So7iankat g (desolvated) H ™ A JA=
(fused)® FA#Fo] E&l(molecules decomposed)#AAHS AAA v &
of AAtstE a1 A "y, ZekavbdolA FA L] EEFS ofF =&
7 AL Qe ofEIN oA AE AAET FA9 o= dxEY
ofaff WAYgH oA Hgs FA dojdrh EFold A o2& o
A AR EHF= Aoy olgA EE A o] AphHoR HAL
Z3iA gl e oA GAR ZEolrbA "l o] u WEHE &
Al Aol A7el oA AARHM spFor SAAYXIT. F ol
A AAY BAdolH o] mpelA SAHE WE AVI7F Aol o] &5

2 M o 2 > o
L
2 N o %®°
mu ro o

i ol

> %ol o <
-3
A

o il
[e5

>
>
A

= Holt,
2 255 JHA & nE 233384 sources®t o] ICP &g e 2 E

= g e
Aolv} 78k (temperature profile or gradient)S At} Aubd o7 Z g} ujol A
7 AL A9 &7k oF 8,000014 10,000 Kelvin A=<QlE o =& 91X
= «“Zg2avta g (plasma tai)"e] &%+= 4,000914 6,000 Kelvin Z=olt}. =&t
2ubs dubA o ® 9lo] TgolA BEo] Al JHA] F83%F Ao R Hrt Eeks

(D[atomic (D]¢1A] o] &= 1D [ionicD 1A Wl T thEd o] xgo] &

S AAAE 71 T3 5 7FA] AdAHparameters)i= RF power ¢} nebulizer

gas flow ©]t}.

A= o8 AR5 77 &8 554 A 9 o
=

o
2

s}
Eok Zefanbel A AR TE A& FolddlA
, e AYEY 27 ¥ W Eefantag] A
(Group I Ha8)dl sl HA o #HEE Aleokx
sources)C.2A19] ok - oAE Lo MHE A = ol AAF
(recombinations)®] A5t Wafl(interferences)E & & Ao - = EF 714
3l gt} ol# 3k W= E3] axially viewed plasma systemsoll A E@] sl 18
ng Zgtavle] Hddk #= HolE zE Fl(plasma viewing height)o] #241%7
o] 4 3}(optimization)E& H3NA S8 847} At oA HollA] ZEkavt I
FolE& PC xAH Y&fix Aso=m & F e sl F8stil Varian
systems®re] a4l Aolt), #wk olye} Varian systems< A3 (Signal) ¢} vl&
Zt(background)®] H](ratio)ol]l WhalAet=7}, o] 23 @ Ezu](molecular bands)ol

18

fo o ©
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ksl
R

ak
Al
0]

WalletErt dad, B, AREHE Sehante] A9 X E BHS5ToEHN
S HA&/AY & 4 Yk Alt}rt Varian systems@] viewing height 7]%
gl "WafE A (interferents)o] U= $IE 7Foll viewing heightE A3} A2
A TS AL e 7 el wxtsk= Aol #WelvE gl viewing

height positiong 7}&] 71t}

-l> FlO (=)

[CP-OESY] A 2EdAAE ARE Zgan EEgog SukgEe), s 2o
TA7Igl A ICP-OES B3 713 dnbAQl g o} gIAY 34 o]
9] L2 ARE B E g2 A f3te-gul(petroleum solvents)ell <]
| Azl o] AAFliquids)Eol EAsE d2E BAs=d M A
sh&hc} o] ¢ 7 of A [CP-OES+ Y& 454 H (Atomic Absorption
Spectrometry ; AAS)¥ & FBA 7|43 vH]23 A Hloh a8y Zofianpe] H
Aol weld HE53 ztolr} Jdd 53 aFoAE Zdkavt SR S
FA8t7] ekl A2 EI ARFUHFiquid uptake rate) Apolo] U=z
(matching)7} F8stth. g A A RE F4sts ARTs b olxl &
s

[CP-OESZ a1A4|(solids)A &9} 7] A4 (gaseous) Al 5% 4

~
)
d
-|—4_4

MAAl 7 o] &= <Ql(Liquid Sampling)

ARE=PEFA = 7o r AFe] Alge dieid  ubzfse] ol md
AFoo2£S W= Zojth. o] dojzEHe Zdlante] AEE WA
gomA Eepanbe FA[ETA] dHe Zyade] s &
T =(doughnut)®} £ o 1Y EHE ;) toroidaDo=  Hol de=d|
o Al F U= FHE0RE ARdolgEe]l FYEolof drt

>
il
rr

Zehavks Agshas vEa o] dAME war WaEn

Z(Desolvation)
A Y=ol 8§ (Fusion of solids)
=]

2ol A=l Ed(Molecular decomposition into elements

ST

atomization)
4, AAe] 5 o]23 W o] 29 & (Excitation and ionization of atoms

and excitation of ions)



old HAE Fsle] Fyo] el
"ol Avh=7}(signal fluctuation), Foly E+2 24 #l4(noise or irregular

drainage)7} doldth=7E sk Al §lo]l A AA (reproducible) ¥ Zeh2mh v

2 AR R4S W & e Fo

E7}injector tube blockage), A1%9 &%

N
RS
_‘ﬂ

+ Z(representative portion of the
sample in the plasma)S &H3}7] fJsto] ST 79 2o fFAgE W2 doj=
Z(aerosoD)e W= o] Aot o] Al AAsPFA = A 7do] 8 ulmicrons)
ol o] WaE w0

ICP-OESel AZAEE =dets 7 dubaQl e odojass v
7l(nebulizer)®} & A5 WEAIA AAN HE L 22 oARE AR
2ute TR mobg= I AH(spraychamber ; 2@ o] H )
AREskE Aotk #5771 Wil Z1AY ¥ X (pneumatically) L
(ultrasonically) & ©] &34 dlA2EE vhEth AlE7F wele 2 257] AAN
o] MEZ g (venturi effect)oll & U=A ofH™A thi-Fo A f-olxe} Zo] A
5 Z(peristaltic pump)E AR&ste] FF7]o HojFEth 57| AATe 7] &
HAE o] &M AEE =Yt A -(self-aspiration) Al &9 A =X}(different
viscosities)oll &l A5 2] & (sample uptake rate)e] W3}3HA FHo] Az}t
=5EA HEm 2 ATHIE AREA FAT

T LY v —
A m7F B5E7] ZAA7F 2t dubE ol S % (uptake rate) Wt A A &

o 1 =
oo o i Mo
SR S

>,
il
1r
4
Ju)
T
2
o

= =

T re |REAL & T2 =
hE% BEE 24T FE drd oS AR 2MFE Folw And He
dmel Qe AL 5 A 9 2 ek

al
2o 37 gEAE olgad AnE EYshs
8

= QLN
2 (71942 EH7]E AFE-Sk= W] ;) pneumatic nebulization)S Ab
u

79 dojrES vt AR EHE A7 dRbH o R ol S EetAvtE &
el = ARRETHS §F 7HA] 2Tt dojmES At o JdorEs &7t
2utE FHkshE ol S gt - AlE& A FF7o o et o] ofF
Alskal #dE PAaerosoDE FHE F RAe E3E F EgavtE =
deh. 2™ 257 Al AFHEZE o] &AM AlRE HolFE 2T Zo] o
W s 24 Fow ARE Wolsd F Utk o, oW JAlE 1Ko R YT
W HEY g3z A8 7IdAIE AVIA HaL o] hHAfel = Qlete] ATt FUH
b wAl ZEl A A A Q] ICP-OESOll A & 57-7IvtE wh= woj A Azbala wf o] &

e F|dAE AAA = RS oorEzs we s 53 WA ICP-
Al Z g anzR] LuEFE NAE A

29} o] A2 ES FeaubA] EHbE S H/\7]_ 7LE1F1_ oo

G s Z B AEDE ABAN ARE Slsn dolZEE WEGE



ojmolt}. upgbA Az B pneumatic nebulization 2ol A $F 71A] F{H1EY
MEE AFEehes AL 282 #dHAA FaHolth A5 FFe ZEhavrte

FAEE W3y 9leke] EF A& (nebulization efficiency)o] EolxH = At)

o7 v Trx]?fﬂ of ghr}, %%%X}gﬁﬁrﬂm(ﬂame AAS)NA A7 Azl FY
ol AW oputie Hefauwbrt b Aojnh. 2#A EF ICP A8 =47 o
A e AENEEES oF 1-294 =9 /‘]EJ TraEss /M AR don
ol EFgtantE AR ga sk A7 ARYAE FEavtE s
adAolth, 71 5719 AE A AEFYFS 1.0-1.5 ml/mine| v},

ICPolA &84 AM85+E % 7FA pneumatic nebulizers’} &Y 7F4 LubA
Q1 A2 Hlw A shehA FAfo] i A|FxsH7] & glass® H AEo|th o] 9o
E2HHF ; hydrofluoric acid)o|y &Zalo] 2] &%= fluorinated plastics® Tt
o1 AZ Q. o= AP AN glass concentric nebulizer?] 17 0]
Concentric tube®] H}Z# O 7 of2/|~7l 320 Algy EH7]9 & —Lﬂcoﬂ/ﬂ
dojub= WlED @l ola] Te] capillarys S3dto] &

S - BEINA 0 A8 = carrier : nebulizer : sample
+HEsE 0 BFasOdEE) @ FYEGEYEE = transport © nebulization

efficiency : aspirate(aerosol) : sample uptake

The Glass Concentric Nebulizer

ofgflell Holi= A2 V-groove pneumatic nebulizer® o} Q&= 31A]2] &Fo] v
- 22 &9d(solutions containing high amounts of dissolved solids)& #23}+=
o f&stet. B =g v 2L S T sERA EPEHOEN oomE
o] AAE = AlRE VA 299 &(V shaped channeD)?] =20 2 olgo] A& H]
A 2 FHHEFE 1-2 mm diameter) S E5to] FHEY. oA H 7heksk txelS
7}A] a1 = V-groove pneumatic nebulizers= =3 & A (blockage)o] dojd 3H&
o] A& ¥ ofyd} HFO FAdx Ad 4 = PTFESF &2 AAd= 44 wh&
= ok 2y o]9} 2 pneumatic nebulizers?] & @HS FUHE AlE HAA 9
23 1 - 3% $ro] ZetAavle] Eddl= A3} o] Hkd S(transport efficiency)
o] vln A yt}i= Holt}. o]E A pneumatic nebulizer®} #Zo] wWkgfo] WS4

l:l



>

125 AXE w21 SAstA AFHETo 2z 719 G (memory effects)el] <
93 EH(peak drag ; effects of carryover)S #HA3} & 4 AE=E spray
_]

chamber?] A7} AE3}A o] Fo] A of s},

r

The V-groove Nebulizer

o

Z S a B2 (Ultrasonic  nebulization ;  USN)&  «ukA <l pneumatic
nebulization®l] B]&|A /WX ¥ HZE3%HA (detection limit)E #|-&3tth, USNS Al &5
535 FE3t=(vibrating at ultrasonic frequency) piezo—electric crystalol]
3t S 2 M pneumatic nebulizersE.t} €4 ¥ nebulization efficiency® 33|
B g v mAg dofmEES e Us ARSI AE AMEStY] EghantE

USN EHa o] wg 7] wio 288 7|(desolvation chamber)olA] o o]
= AAB FojoF sy, ¥ A gowW Eehawlrl EQPASAIAl HH
Zgtaubrt A 2 . 28y USN &A] 9] desolvation chamberE
F7Veh= AL B35 M A A 7FS(washout times) =7FA1A 719 & % (memory
effects) & S7HA71A1 HaL oA ¥ W& AESAS} =9 S7HE wafgo.
Piezo electric transducers T&o% A F3fFH A28 MHAIZMS w2 &
T Adut obdlf 1HE APFAR 259 B UIE BT

coolant out

coolant in

to plasma

drain Heating Chamber

piezoelectric transducer

sample inlet

drain

Schematic diagram of the Cetac USN 6000 AT Ultrasonic Nebulizer







