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awalnsaladuuuwavoon
S:QUD:CI1DU

(Atomic Emission Spectroscopy)
o woravith

WA.QS.2S3N8 YUNSTFISSTU | @@ woravith
Asst.Prof Woravith Chansuvarn, woravith.cermutp.ac.th
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UDNEHUUS:NDUUDVLASDY ICP-OES

AUdaUNISHIUSUTUILAS:K @

UfuamsIadtas1Haengav ICP-0Es (7]
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| [ =]
A1SIUavoonNs-QuD:=1d
wavviuAdwSsuAacwrmiRaisuancdWua:aou La:gutuoagn

excited state uajsina atomic emission IWDNAUAVUIFZS:OUWAVVIU
ground state

3|J§
Spin-orbit 2
-3.04--- splitting 0021 eV

_— 3p1
Excited — 2
state Pi -2

Excitation : i Emission o
2 3 9
z S 5+ |=0.587 nm
E ) AN
Ground 5 E1
state 0
-5.14 ——— 35%
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5p

4p

3p

aldnasunisQanauua:atdnasunistdavoonuov Na

« IiGouidnoldunisQanduua:tavoannAnueTd
AAU 589.0 ua: 589.6 nm

» KInBuKavdauaonAUe1dA3U 589.6 Nm
ns:qudlanasauluaasina-3s IRUgvaniu:
ns:qu (3p) Ls1aWIsnIaMSIUEVDDNAAILETD
A3ULGEIAUTA

/f /
4p
A
.o 0
¢®. Atomization
[ Dol )
330 nm
- . ‘ Excitation = 1
(eV) g & &
89n ‘: ::
a0
AN X ? ?
o -’,.?{\\x'- Relaxation ﬂ ﬂ
' o] I
Na: [Ne] 3s? X :
A 2 \ 2

emission
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druuUs:=NDUUDVLASDY ICP-OES

1) Inductively coupled plasma (ICP) tSwaawanauns
DfURNUguiiv 1,000-10,000 thadu

2) Optical emission spectrometer (OES) 1Uu35ns
Z)LﬂS'I HtoaamaHaﬂmsthaWSLUaauamu S ARISE
quUaoamu fS: OULWDZHmsnautamauao (lUavoon)
30o: aatumu UV-Vis wa:zdanuau:zlaw1=qad wa:dqnduy
[JuUDVILaVUU



N

Polychromator
! slit  collimating mirror\

torch %
-—"Q 2
G N I )
echelle ~ P

RF Generator

X

= focus mirror

CID

zer)chamber

Liquid waste

IO

spectrum /\

257.565 257.61 257.655

sample Peristaltic pump

Data system

ST2092312 MSILAS1=RAIULAEDVDD 6



Sample introduction system b el

nIsUndvaisa:aigogiuldnds:uuaigns:=udunmsQawuikLluu
a:0ovany (solution nebulization)

Sampler cone

Spray chamber g 15 \
— ] .
Nebulizer A o ! % ﬁ

doUUS:NDURANUDVSIUULNEVCDDEIY = ([ 1]
" LASDVWUA:DDY (nebulizer)

* JuguoiguovlBasuuusano | )
(peristaltic pump) N~ L

= spray chamber | PPN pposamper

—~

"l
o = RF coil

— =
. E.

T

=
qr=

Peristaltic
pump
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Sample introduction system b el

" 31Sa:aNg0IDYeIVVNAEVLYN
LASDVWIUUUJUIYUDVLKADLUU
SQNd :

" Wiuns:uduMsQawutRlduazoov s (o=
ADYLASDVWUA:DDY a=DDVDIDU
HaguulQ o

" AmDDVUUNOIREJD:ONATVDEU
spray chamber djua:oovaoe
UUNQLANVzWIU spray chamber
lJAuwWaauItwolung
NS:UdUNISANDACDNIAza18g0n
VINA:DDVADEIVCDTU

ST2092312 MSILAS1=RAIULAEDVDD 8



Sample introduction system e—

[P Laser

" AS:UDUNMISQOWUIRLUUA:DDVaREDIDILLRN:
dHSUNISUNGVCDE1vUIVBaA ’
» Hagvurvsuuuuntviinisthaodns:uuddy Ll e
o Msdvalglalyos (laser ablation) 13 Msbuliser
drSunisidog1vtusUuovudvtRdu e
lbuovaunAWa&vuIDE1v O I. I—I I— j
o mMsMKUUBDAIYTWWA \ Solution
(electrothermal vaporization) tdlanu | * Mebulization Chamber
(1Dog1vtUSUUDVLIKAIKSDUDVLKAIUU Drain

(slurry) 3olJuudOWaUSs=KI1VUDVLTVN
lUa:argnuuovlHad



N
Sample introduction system : Laser ablation S

Laser Ablation (LA) is a solid sampling technique that uses short pulses
of high intensity light to convert a solid sample directly into an
aerosol.

Ablation laser

/Optical spectrometer
= | aser ablation works on the

principle of energy transfer.

= All materials absorb better
in the UV wavelength range
(400 nm and below)

*= Commercial systems are He carrier gas &
typically offered at 266 nm, Y > b= 1CPMS
213 nm and 193 nm. 3

ST2092312 AS3LAS1=RAIYLASDVD 10



Sample introduction system : Electrothermal vaporization =

= Direct introduction of solids, liquids :O> Inductively Coupled Plasma
and slurries which can be coupled to

Optical Emission " Electrothermal Vaporization Unit

an ICP-OES to allow samples to be Spectrometer |||l T T |
analyzed in their original form, i

1 ' Argon 2 +CF4 |
without sample preparation. | _}i 4i

- . B |

= The sample is placed on a platform, or into Pyrometer |
a furnace. :

* The sample is rapidly heated to very high . = 20— i

temperatures, causing it to vaporize.

= The vaporized sample is carried by an inert
gas into the instrument's plasma and then
ionized and detected.

ST2092312 AS3LAS1=RAIYLASDVD n



Plasma generation system : Torch e

AU (torch) 3dvuuUs:nouadyHanq
NSVAS:UDNNNIAYUADAIDAOE

2]
~ _E Temperature /K
(quartz tube) ounu 3 YU Ualg — =600
AUAIUUUDNDAadvNIQd8uQadQ o
IKU9OUN (induction coil) Na>e Z ) ~oom
- \ tru‘»:\:\l ~D"b>l Water-cooled induction

coil (load coil )

naouooaausau 1SONI load coil
U\)C’IE)[U']ﬂUlF]SE)\)ﬂ']I.UOFD']UﬂUD\)
ﬂauanq (RF generator) LWott
RF-power (700-1,500 J00Q)

H : Alternating
Magnetic field
Plasma torch

? B 1 B U 4

Ar (coolant gas)

Ar | Ar (Auxiliary gas)

Sample aerosol with Ar (carrier gas)

ST2092312 AS3LAS1-RAIILASDVID 12
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= LAdGoNSNDUWIULTNTIUIUAU (torch)
WoWuns:ualwwiAWwagulun
vaadatkteoth doduihiaruwo /
S:UNYAUSOU D:MTRLAQNIS 4
LWAsULUavUuDvauuLLLKanTWWA |
(Kadu (Eddy current) du

» S1&nasoudas=MmetuAud=nALKTYILN
lagauuubiHanIWwAaLa:=ALSVNR
LAQNISBUNUNUD:0DU KSolulana Asrosol + TEheathgaE
yoouna Uwaﬁwtﬁuﬁatﬁpmsumﬂﬁa | Nebulizer gas Pasia
Wuloodu tAaAIIUSDUTUDIUDULNAN
1S9NIY walawa (plasma)

i
* Induction coil
L]

Magnetic
field




Plasma discharge e —

= wAgaonSnoud-Ldunfadny WUIwWWwA

. msrj’wtﬁtﬁowawamﬁaotﬁﬁélﬁﬂmsauz‘)as: @ - (0)
iNaduuvadunau FuddudponitRidudodn ooco /o 72!
WWhadeMsMits (spark logUangus=991n e
Lndan (tesla discharge) H3D igniter IWolH ool s ,,
IAaUs:MeTWuSLOTuAU i Tangjntial - e Bk
» yoaadalkdgounuazgunaonsnoulgamiuwsoy  © of argon gas PPRIK
a9 AUAUNISIAWAVVIUDINIASDVALTOAAU @ @) i o
: OQ00

mwumnamtﬁalaﬂmsauaas uwaomuaouu
La:0:1AADUNAIYAULEITUBUAUD:ODLUUDY
UAdo1SnNou NMKULAaDISNDULAQNISLANEAD
(ionization) Lﬁmﬂutaaauuaﬂuaouﬁ”a s s Fornaionof inductive
D1SNoUllaolansou

= NsBUdLAaTUDEVCGDLTDVIUANUEUUASEN
anly thawalau
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Plasma generation system : Torch

AUWa1aul (Torch) TaeMURDIN
A2DQE (quartz) AUWaNaUIid
anuruzl0urkana 3 du Ao

= Sutu (inner)

. UfUﬂaﬁo (intermediate)

= Buuon (outer)

|
o

L Quartz  Ceramic
[ = outer tube outer tube

ST2092312 MSILAS1=RAIULAEDVDD

Quartz bonnet —__

Two-turn
radio-frequency
load coil

Capillary

injection tube

Plasma tube <

Coolant tube —__|

Sample tube —__||

Coolant
gas inlet

Plasma
gas inlet

A

C

J
(i

Sample aerosol

inlet

Inner

Intermediate

outer
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Plasma generation system

wanauuuda:lsud:gdaienncivnu

= USLRUZIUUDY discharge Danutu=ldu
toroidal (doughnut-shaped)

» ufidon$nouniKamiu nebulizer wa:w1a:pov
Hogvtdngwarauiuu 2:WuusTUAVNATY
UDVWaNAUNELNUSLIEUTI induction region
(IR) DvoINUSLAUTDLAONISAIYINWAVVIU
DInNS:ualwWwiAWUAgY (high frequency
current) TUgwanauilagmwiun1vuaada
(ke duusaudiEenin normal
analytical zone (NAZ) lfJuu§L:)EUﬁﬂuﬂl§aﬂ28
tun1sa emission lines UpVSIQNCDVAS —_—
31ASIzK MK ICP awisadlAsi:kRIsiaua: ~——
Jsuituyovsiacaiv a la Sample Actosol

Inductively Coupled Plasma (ICP)

YO
Tail Flame

Normal Analytical Zone

e+ Ar A Art + 2e

Induction (Load) Coil

nAlABRuATW nEoudnaToANSEEADSE
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Plasma generation system -

walaul mMROALYAIAa=a1809n91na=DovaIDe1VY (desolvation)

LJDa:zpovCd081v (aerosol) WIUNISLENCDD:ELAQ et [\ Tail plume
nisdalroadlduoas:=tusdunaqdayns:=udunis 5;{;.0
. . 6200 2 . el Nn_}mml aln-allytical Zone
VapOr'lzat'lOn 7000 Commmrmmwnn 0 ke Initial radiation zone
= Preheating zone (PHZ) Tulanav:l1AQns 10000 "I'I'n;jilztrzzea"”g zone
llC]ﬂCTI)lfJUD:ODUﬁDUﬂS:UDUﬂWS region
atomization

* Initial radiation zone (IRZ) BvJatuHni
Us:uneu 8,000 K a:aaufnns:nitRogiu
aniu=ns:AQu v:UangwavoiunaviibnIuLiy
LOWI:zC1DDDANUN |

= Normal analytical zone (NAR) 3o
9TURADUS:UITU 6,800 K d:10UlBUNIBUNS
30 emission line Yovs1IQNCDVNNSILASIEH

Sample aerosol



P ~N

(lon)  M* 4 AA~AW .
plasma tail

lonization Tl & N*
e*c'@/

@om)  M™4" A~A~A

atomization Tl

(gas) MX

nAlABRuATW nEoudnaToANSEEADSE
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Normal analytical zone
(NAR)

vaporization T

(solid) MX),,

o
@

Initial radiation zone (IRZ)

desolvation

(solution)

™ RF field

Induction
coils

Preheating zone (PHZ)

== Cool gas
I flow
Aux gas \
flow Sample flow

ST2092312 ASILASI1=KAIYLAZDVD 18



Detector

s:uuasdvdallus:uungnLa:aitdgouaon
LUavoonuitdngalsasdvida lagdaiuus:nou
HAanNAD grating, photomultiplier tube ua:
array detector

sUnuunismsdamstdavudaoid 3 suuuu A
" radial view
= axial view
" dual view

ST2092312 MSILAS1=RAIULAEDVDD

- ‘.\
i

inrluTABFuAW 1 doudnaTouazMsDa0dY

Anode

] "‘ =Dynodes—

 Multiplied__
- Electrons
Elecl|::||'1cnn
. Path —
\f

Electrode

<

Focusing | —=s——==

Photocathode

19



= M1sd0uuu radial view LUuUNIsda =
K . _ - - —_— e
LavnidavoonuiuSLaUQIUUIVUDY [
waldun

* M1sSauuU axial view Wumsdauay |
AtJavoonuiuSruUagwalaun —

= Asdauuu dual view wWunisdans
A1SIAUdDanvlluu radial view ua:
axial view £sdal

-

Radal

ST2092312 ASILASI=RAYLASDVID 20
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» A1SJQUUU radial view d: sensitivity Plasma Field
UpgNdINISIQUUU axial view LwsI: path —_——
length dunin o
= MIsdauuu radial view DUaa Ad DA fxdal View
linearity AG wa:0 noise chA31AISIALUU ]
axial view - — == Analytical Zone
= AYIV LOD uov radial view 9:pgtuydv ——  Viewing Direction
01 av 100 ppb Radial View

= AYOV LOD yov axial view v:2gtuBdv
0.01 @iv 10 ppb

o MSIAUUU radial view d:awisniacddagivndsiqrdouutundududu
JulagldNIsSIIDVIVAIHSULASEUAIDEIVUDYNIINISIAUUU axial view

o) msaouuu axial view A1D: ASDUAQUNISIOADIULULTUUDVSIALYDUULU
Hog1VARNULITLIUCINIINSIQIUU radial view



Radial view only

a Radial Plasma

Transfer optics

ST2092312 AMISILAS1RAIULAZDVDD

Axial & Radial view

b Axial Plasma

Transfer oplics

interface

ARG PdoudpTOuREMSDADSY
'HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY
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A1sNIUSUaUdLASIEK

NISNIUSUITUILASI:KULA=NISASIYIDUAULETA
luLgdIAULNAGA AAS

$

QLlioH
A1SNIUSUITUILASI:KULA=NI1SASIDdauAdUEla
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anuau=law:=uovltnaudn ICP-0ES

51085UUINDINSIANVRLAIUAISIVSIAD:ITaIAAIUNISILASI:
(Detection Limit, LOD) lagtdlnAlA ICP-OES dvidAagitus:auc dod
. S:QUADULUUTU 0.1 ppb (ng/mL) wu Cd, Fe, Mn, Be, Mg, Ca, Sr,
Ba Wwa: Sc
. S:QUADIULTUYU 0.1 — 1 ppb (ng/mL) wu Al, B, Li, Na, K, Ti, V,
Cr, Co, Ni, Cu ua: zZn Wudu
. StQUADJLUUTUU 1 =10 ppb (ng/mL) W6uU Si, P, S, Se, Sn, ua: Sb
WWudu
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Elements Measureable by ICP-OES
Detection Limit Ranges He
440z
! < 0.1 ppb {'-Ig”-] rarhen ﬂur;lrp n;:.)n
F | Ne
15.992 TR
chlatine argan
17 18
Cl | Ar
15458 M ME
L-ansin: Ayl
33 38
Br | Kr
73004 #2798
“srhpetium “addlae Haren
42 53 54
Tc | | Xe
ag 12880 131.28
E T palanum astat e taden
55 84 &5 4]
Cs Po | At | Rn
1531 l39] Litd ik

Fangiurn uthorferdivm | dubaiam seaboraiam [ hasei am mgilneinm | da msad.ve | eenlgeniuim
87 194 145 106 197 108 111
[ezw [FERI

aremeth™u-y

&1

Pm

Artinlum Ry — AaptL AT pl taniur Aatlel im sU-l st ol rall®arnium Aln sl i Tatmiun mans «ledum

23 94 o5 95 97 = 99

Ache lim

rwreneiu—

ST2092312 AMISILAS1RAIULAZDVDD
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F-AA

GF-AA
ICP-OES

F-AA

GF-AA
ICP-OES

F-AA

GF-AA
ICP-OES

F-AA

GF-AA
ICP-OES

F-AA

GF-AA

ICP-OES

F-AA

GF-AA
ICP-OES

F-AA

GF-AA
ICP-OES

Li
0.3

0.01
0.02

0.004
0.1

0.004
30

1

0.003
0.003

0.0002
0.003

0.5

0.01
0.0001

Atomic spectroscopy limits of detection
All concentration values are given in ng/mL = ppb
From Parsons, M. L. et. al App. Spectrosc. 1983, 37, 411-418.

GF-AA = Graphite Furnace (electrothermal) Atomic Absorption
ICP-OES = Inductively Coupled Plasma, Optical Emission

20 10 20 2 0.8 3 2 2 1 0.8
6 0.3 0.1 0.004 0.0005 0.01 0.008 005 0.005 0.0006

0.4 0.03 0.06 0.08 0.01 0.09 0.1 0.2 0.04 0.1

50 350 1000 10 70 2 10 0.9 0.5
10 0.02 0.1 0.05 0.001 0.0002
0.04 0.06 0.2 0.2 30 30 2 0.2 0.07
2000 800 500 200 80 500 40 6 0.001

10 2 0.5 0.2 0.01 0.2

10 5 0.8 6 0.4 30 0.9 0.9 1

0.01
0.2

50

0.01

0.02

0.01
40

0.03

0.007

0.08
10

0.02

0.1
10

0.02

0.06

0.002

0.03
15

2000 2000 600 500 20 1000 600 50 40 40 10 5 700
0.5 0.5 8 0.7 0.3 0.1
0.1 0.4 10 0.3 1 0.06 0.4 0.1 4 3 1 0.2 0.02 0.1
Th U
30
3 1.5

N
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Table 6 LODs (pg) for ETV/ICP/OES \
compared with those of GFAASZ3132

Elements ETV/ICPIOES GFAAS T
Table 3 LOD (pg L") observed for ICJ]‘;DES with different Ag 1 0.5
; ; - (13) Al 0.5 4
TABLE 9-3 Detection Limits (ng/mL)a nebulizers and different viewing modes N o 20
- - - : : Au 10 10
for Selected Elements Element HGNY® USN® Ratio Radial  Axial Ba 0.3 10
(HGN/USN)  view™  view™ Be o) A
1
AAS Ag 6.1 0.71 9 1 0.6 B 4 NA
Ele- AAS Electro- AES AES AFS Al 10.5 3.85 3 3 1.9 g; 15? g N
ment Flame thermal Flame ICP Flame As 12.8 2.05 f 20 s Co 12 1
B 74 NA NA 1 NA Cu 2 1
Er 34 300
Al 3() 0.1 5 0.2 5 Ba 028 011 3 0.1 01z
Be 011 0.04 3 01 009 o " 0
As 200 0.5 = 2 15 Ca 14.5 1.38 1 0.02 NA Ga 10 10
Ca I 0.25 0.1 0.0001 0.4 Cd 1.3 0.59 2 1 0.2 Ge 10 20
Co 1.7 (.56 3 1 0.8 Hg 4 100
: - : K 1200 2
Gr 4 0.03 5 0.08 0.6 Cu 1.5 0.50 4 0.4 0.7 Li 2 5
Fe 2.5 0.38 7 2 0.5 Lu 54 4000
2 4 2
Cu 2 0.05 10 004 0.2 K 5 1739 . I ; \a 0 s
Fe 6 0.25 50 0.09 0.3 Li 4 0.40 10 0.3 NA Eg 23 ‘11
e Pl . Mo 06l 00 7 o4 oor N g :
! I I Ni 27 10
Mg 0.2 0.002 S 0.003 0.3 Mg 23 0.58 4 3 0.8 ]'Jll 100 3000
Mn 2 0.01 — 0.01 1 Na 1.7 223 5 3 2.2 e - =
Mo 5 0.5 100 0.2 8 Ni 39 166 2 > L6 Rb 2800 5
) N g P 342 9.44 4 30 NA Re 100 NA
Na 0.2 0.02 0.1 0.1 0.3 Pb 10,7 1.60 7 10 1.6 1;];1 133 gg
Ni 3 0.5 600 02 0.4 Sb 156 265 6 10 26 Se 17 10
: ~ Se 23 2.03 11 50 18 Se 450 20
Pb 8 0.1 200 I S Si 143 348 4 4 NA Si 100 10
Sn 15 5 300 — 200 Sn 8.6 0.90 10 30 NA gﬂ Zg 22
Sr 0.3 0.05 6 0.06 NA r
T 50 10
Vv 25 | 200 0.06 25 Ti 0.65 0.17 4 0.5 NA T;‘: 0 Lo
Zn | 0.005 50000 0.1 0.1 Tl 142 205 7 30 4.8 Tl 300 10
v Z.E_i 0.41 7 0.5 0.4 H 2 2%5413
Zn 1.5 0.40 4 1 0.4 W 160 NA
Y 25 NA
Yb 18 4
Zn 0.6 1

ST2092312 MS3LAS1=KAIYLASDVDD yN— >7
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ldutdavoon (emission line) Uovs1QAY A R —
Element Alnm Atom/lon Element Afnm Atom/lon Element Alnm Atom/lon Element Alnm Atom/lon
Al(l) 167.078 11 Cui2) 219,958 I Mg(2) 279.079 11 Shi2) 206.833 |
Al(2) 176.641 | Cul3) 324.754 I Mg(3) 279.553 11 Shi3) 252 852 |
Al(3) 309.271 | Dy (1) 340.780 11 Mgi4) 285.213 | Shi4) 217.581 |
Ali4) 396.152 | Dy(2) 353170 11 Mni(l) 257.610 11 Sc(1) 298.895 |
Bil) 182.641 | Dy (3) 353.602 I Mni(2) 259,373 11 Sc(2) 335.373 |
B(2) 208.959 1 Dy (4) 164,540 11 Mni3) 403.076 1 Sc(3) 356,770 11
B(3) 249.773 | Dy9(5) 394,468 Il Na(l) 330,298 | Sc(4) 361,384 I
Bail) 233.527 11 Fe(l) 239,562 Il Na(2) 588.995 | Si(l) 152.672 I
Ba(2) 455.404 11 Fe(2) 241.331 Il Na(3) 589.592 | Si(2) 212412 |
Be“(1) 234,861 | Fe(3) 259941 I Nii(l) 174.828 11 Si(3) 288.158 |
Be"(2) 313.042 11 Fei(4) 261.187 I Nii(2) 221.648 11 Sr(l) 407.771 11
Cail) 183.801 | Fe(5) 373486 1 Nii 3) 341.476 | Sr(2) 460.733 |
Cai2) 315.887 11 Gdi(l) 335.047 11 P(1) 138.147 | Ti(1) 323452 11
Cai3) 396.847 11 GdU(2) 335.862 11 P(2) 169.403 | Ti(2) 334,941 11
Caid) 22,6713 11 Gdi(3) 336.223 I P(3) 177.495 | Vil) 292.402 11
Cli 1) 134.724 I Gd“(4) 142247 11 Pi4) 213.61% | Yi(2) 2972 464 11
Cli2) 136.345 I In“(1) 230606 11 Pi(5) 213.61% I Yi(3) Jna3l11 11
Cli(3) 139.653 | In“(2) 303936 1 Pbil) 168.215 11 Y1) 224 306 Il
Co(l) 228.616 11 In“(3) 451.131 I Ph{2) 261.418 | Y4(2) 371.030 11
Co(2) 230.786 11 Kil) 404.721 I Phi{3) 283.305 | YU(3) 377.433 11
Co(3) 238.892 11 Ki2) 7166.491 I Phi4) 405,778 | Y'(4) 442259 11
Cr(l) 205.552 11 La“(1) 333,749 11 Sil) 142.503 | Znl(l) 202.548 11
Cr(2) 267.716 11 La“(2) 379.478 11 S(2) 147.399 | Zn(2) 206.191 11
Cr(3) 284.984 11 La“(3) 408.672 I S(3) 180.731 | Zn(3) 334.502 |
Cu(l) 219,226 11 Mgi(l) 202.582 l Shil) 187.115 |

“ Internal standard; I Atom emission hne; 11 lon emission line,

ST2092312 AMISILAS1RAIULAZDVDD 28
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Plasma Source
Technology

Description

Advantages

Limitations

Inductively Coupled
Plasma (ICP)

Uses an electromagnetic
field to generate plasma
in an argon gas flow.

High stability, efficient
ionization, suitable for
multi-element analysis.

High argon consumption,
requires robust cooling
systems.

Direct Current Plasma
(DCP)

Utilizes a direct current
to sustain plasma,
typically with three
electrodes.

Lower gas consumption,

simpler design.

Less stable than ICP,
limited sample matrix
tolerance.

Microwave-Induced
Plasma (MIP)

Generated by microwave
energy in a small quartz
tube, often with nitrogen
or argon.

Portable systems,
reduced operational
costs.

Lower temperatures, less
effective for high-matrix
samples.

Capacitively Coupled
Plasma (CCP)

Plasma maintained by a
high-frequency electric
field between two
parallel electrodes.

Compact and energy-
efficient design.

Limited adoption in
commercial systems,
lower robustness for
complex matrices.
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