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Abstract : Analytical characteristics of low power-low flow inductively coupled
plasma-atomic emission spectrometry(ICP-AES) has been studied. Although the net inten-
sity of the low power ICP is lower than the moderate power ICP, the signal to background
ratio becomes higher since the background intensity decreases with decreasing the RF
power. The detection limit of the low power ICP is comparable with that of the moderate
power ICP. The dynamic range of the calibration curve of the low power ICP is 10*~10°.
The ionization interferences by alkali metals increase with increasing the carrier gas flow
rate, but the effects are not varied significantly with the RF power.

Key words : Low power-low flow ICP, detection limit, signal to background ratio, matrix

effect.
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Low flow-low power 54§ Fe}=rl dxputs Bayidde 244 EAfo 48 37 255

Tuble 1. Specification and operation conditions for

ICP-AES

Spectrometer

R. F. Generater

R. F. power

Coolant Gas Flow Rate

Carrier Gas Flow Rate

Auxiliary Gas Flow
Rate

Nebulizer

Spray Chamber

Plasma Torch

Integration time
Dispersion
PMT Voltage

Baird 1CP-2070
(Czerny-Turner Type)
750mm Focal Length
1800 Grooves / mm
2.5kW, 40.68MHz
(Water-cooled 3-turn
load coil)
600~1200 W
7.5~10{/min
0.5~1//min
0.75~17/min

Concentric Nebulizer

Scott -Type double-pass

3-Concentric one-piece
quartz

20 /100 sec

0.2nm / mm(second order)

1kV

Tuble 2. Selected wavelengths(nm) and their exci-

tation and ionization energies(eV).

Element M’avelength Excitation | Ionization | Total
{(nm) Energy Energy Energy

Ba I 553.5 2.24 5.212

Ba 455.4 2.72 7.93

Ca | 422.7 2.396 6.111

Ca ll 393.6 3.152 9.27

Mg | 285.2 4.436 7.646

Mg I ¢ 279.5 4.43 12.08

Mn | | 279.5 3.072 7.435

Mn Il | 257.6 4.81 12,25

Cd 1 | 228.8 5.42 8.991

Cd I 226.5 5.47 14.46

Zn | 213.9 5.80 9,394

Zn 1l 202.5 6.13 I 15.40

2.3. SBR, gd&gAle] &5
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2.4. Matrix Effect 3
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Frg. 1. SBR as a Function of Carrier Gas Flow Rates

at Several Powers.
(Observation Height : 9mm, Ca 1 422.673nm)
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Fig. 2. SBR as a Function of Carrier Gas Flow Rates
at Several Powers.
(Observation Height : 1lmm, Ca 1 422.673nm)
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Fig. 3. SBR as a Function of Carrier Gas Flow Rates
at Several Powers.

(Observation Height : 13mm, Ca I 422.673nm)
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Fig. 4. SBR as a Function of Carrier Gas Flow Rates
at Several Powers.

(Observation Height : 9mm, Ca II 393 366nm)
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Fig. 5. SBR as a Function of Carrier Gas Flow Rates
at Several Powers.
(Observation Height : 1lmm, Ca 1 393.366nm)
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Fig. 6. SBR as a Function of Carrier Gas Flow Rates
at Several Powers.
(Observation Height : 13mm, Ca I 393.366nm)
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3.2. Matrix Effect
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o] Abgsfol] F oF3g ool FHgH ol YL
HA whsch b £ AP E #EAAE A2
o] 79E llmmZ, o]2419] A -93= 13mm&E 34 4]
712 Zbzhe] powerol|l Al A&7 A 9 ALg-Fell ok
£ 0|23} el d gk pAssict. Fig. 72 Ca 9AM4
2 58 600W2] RF power?] #-$-ol Al&u7)14 2
Abgeko] ZrlgE ubslod gho] FrlEhe AL E T
ik A B2ut7 Ale] Abg-gko] 0.5//ming wie] Wt
sed g2 vw WAt S o 2 EIPL] A
717k <F 12% HAx Fastdedl, 0.75//mind &
oF 50%7=) ZrAagtedch £33 power?} 600W o} o)
egxr) 2A8E A B8R Ae] A4S FUMA
7w Zel=ulrt o] EebA s o) wheba 600W e
A ABEUIAY AREFE 0.75// minZhA 2 A
grahelcl.

208105

T v v
Ca | 422.673nm -
S | S
1,600 -
& R U
g ~*
5
g 5 i s ek
g 128010 . — "
A
e e T
g ~— _’___,‘f/
. 1]
‘E sonot T T — = e
—
-~ i
§ e U ea PO I
e PN
aonat [ M o e
a.01r0® . = + .
0.4 0.5 0.6 0.7 08 09 | (]
Carrier Gas Flow Rats (L/min)
. HO0WCa & 80OWCa s 1000WCa - - 1200W.Ca
o - OW.CasK A BOOW.CatK 1000WCasK - ©  1200W.CarK

Fig. 7. Matrix Effects as a Function of Carrier Gas
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Ca ol @49 o3} Wald 8L Fig. 83} 2} Ca
ol A YA vl R o] &35} vpsld
G ARPUIIM Y FEgo) Frlslde AdH
A7) 2A Zrkshd AaArle vl & Wt
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Fig. 8. Matrix Effects as a Function of Carrier Gas
at Several Powers.

3.3 HEEA|

ICPol Aol &A= Aladde Bl aA
HeE e A APz vpRA7e] BE
#abe} odsha) 7] =& SBRe) 2 33-& whevh 29

e A - AAd - FH A

EddAle] g7l 4 Aol AR A
o] AgEkel ZHE & g ren AlRgur)a e
AHg-o] Z7HTE ARAIZIE 2] Frkstdr) =
T sl A B o] 23 WG RE AB2NIA
AHg-Eko] Fobshbd A M 22 Frigict whelb £
Tell e A 719] Frhet e d g weisle] o}
w3 A2 AF2ANA HEWAE HAsA

RF power A B0 Al f33F 24 e] W27 1A (%%

600W 0.6//min 1lmm 7.51/min
800W 0.85//min 11mm 8.0//min
1000W 0.85//min 13mm 9,5/ /min
1200W 0.85{/min 13mm  12.0//min

600Wel A} 1200W7FA] power ¥ 3loll wie}l A%
73 &A= Table 33 7t} Table 3elA H& wiel 3
o] 2~ e Alo] YAAl A+ FE H& power
(600~800W)el| ] & HAEgAE et E£F ¢l
27} 744 2 Bao] WA (2.24eV) el A 600We)
X H&A7} 7.3ppbR 712 Pow, Ca(2.40eV),
Mg(4.44eV), Mn(3.07eV), Cd(5.42eV)e] fxAle|
3= 800Wol| A 713k 73 Z3kA 7} it

Table 3. Detection limits(ppb) observed at various

powers

Element | 600 W 800 W 1000 W | 1200 W
Ba I 7. 31 15.6 10.74
Ba 1l 0.15 0.13 0.13 0. 11
Ca |l 8.2 0.99 1.90 2.77
Ca Il 0.23 0.055 0.057 0.074
Mg | 2.9 0.46 0.76 0.71
Mg 1 0.23 0.10 0.06 0.07
Mn | 13.7 1.3 2.56 £.55
Mn I 0.87 0.43 0.27 0,22
Cd | 34 1.6 1.63 1.8Y
Cd I 55 0.48 0.52 0.55
Zn | 14.3 4.8 2.82 3.8
Zn 11 19.2 4.1 1.13 1.8%

ol A9 HEIAE UAIEN B8l 2 power
ol 4 7h4 P& ZAEAF Zech Mg, Znd o] 24l
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3} Ca 53 o] WAl e] o) 23}l 7} 2h2 A4
L ol AEPAI AA LR A G2 e
% v} Bad] Hxpxat o] 2419 FEAIE vl
& 600Wel 7 g-of z+7t 7.2ppmt 0.15ppm 24
oF 4887k} xbo|7} s}rh ol ¥ ke Fejzol
A& ol o7} Fe AT JRE ol oE
EAgHE A& & 5 Uek bdel Zoat o) o] 28
N A7} 3-2(7.65eV) W=pe] 7 5ol &= A2pA 2 o)
242 F&A N 2 =bol7} wlglch

AR ICP ¥3HAolA AgEiz ~HERS
B2 g 2y o] 2Alelv} e EF oviAvL 2 o
A& ARt welA o)9f 2 g AdE o
o ige Rl k]
Adsle Zle] Foiar & 4 slckh 2evt F4)71 9
power& Al2-3bH 15//min®] W27l A& Apgsho}
saL, & Aol B 0.8~1.2kW Abolel 4] 73 &%)
A} AA Gola]A] e A-S 78 3lE low powers)
AAgx A1FE e ogloha gl

2

2 power®ul= ¥ powerd

3.4, Mol vl

Ca®] ¥ % 0.00lppmel 4] 1000ppm7}x] W3]
uf Apde wlasigel. Ca WxF41(422.7nm) o M
powersl whE A AL B 00Well 2] 10°~10'2] 2
A48 742ls, 800W, 1000W, 1200W Z power & 57}
AAE 2k 10'e] H AL 7HA 2A WEkA) st =
3t Ca o] &A=l AE 600WS] -3 10'~1072] =41
48 71X powerE FrAALE HAA-E Aol Wzl
sha) egkel. wbelA] ICPo 2] Hukal fakido|t
ol &A1) FeFalo] BE FAdAo] S-patAl 0]
Ao} AdMe] o) 5% AL E 5 qlvh dubH ez
AFE]i= 1.2kW o} k2] ICPelA] 1079 A& e
ok XaFef glot, ¥ Aol s 600W~1200W
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