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ABSTRACT. The moderate power (500 W) Microwave Induced Plasma was generated with helium
gas and was used for the direct analysis of aqueous samples. Usually, the helium plasma obtained with
a2 modified Beenakker type cavity forms a cylindrical one. Though, by the careful controls of gas flows,
a “toroidal” shape plasma could be made but its analytical performances were found to be worse. Using
the glass frit nebuliser, the detection limits for metal ions obtained were around 10~100 ppb and that

for chloride was about 50 ppm.
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Table 1. Instruments used in the experiment

Microwave generator Microw-Now 410 B
maximum 500 W forward

Cavity Modified TMy; Beenakker

Torch 8mm od, 6mm id. quartz tube
with threaded teflon insert

Nebulizer Glass Frit Nebulizer

Optics S=30cm, 50two mirrors, Oriel Inc.

Photomultiplier tube R 928 Hammamatsu

Modulator G-100 D Optical Scanner

Monochromator Hilger-Engis 1000

1m Czerny-Turner type

A (F 32h4) THE ¢ Qleh HlE R AR
Al 04 mme] Zolol 1 mm 1749 vpide] 2Rz
120° 7o) A whgpell 4 vp4d-g Alabsiole

T4 A&E mini plus 2 peristaltic pump(Gil-
son Medical Electronics Inc, Middleton, Wiscon-
sin)E F3 ¥ 2m/el URY %2 BUYZF
Aok 4 ANEE E77(nebulizer) & F3}%
o] A1t ol RE QJAER vl e} SRt o g
S7H et e 2 ALEE cross flow ne-
bulizer )] glass frit nebulizer”} A}-2-=ej=u|
Z o] cross flow nebulizerell = #Fo] Ux
7} vtolx o} rlslele =e] A AlgF v
AAZE A2 nted) Egpyolx) Rajols] o
Fo]ir}l. Carnahan®el wW2=wW glass frit nebuli-
zere} 53 TohEl MAK 2577} A4 39
ZINE B 7}¢ 2 E&E ook o] Age)
A€ Medium pore size(¥% °F 20 pum) <] glass
frit nebulizer& &< °F 30 psige] Y=o =
Ak

MIPelA Yo AlZE A S0mm 27)9 £
Hel HEE AHgslod ) P19 gl &l 2
e 23U 279 242l 50 mmel 300
mmolgith. MIP9) image: 23719l ¢ T&2lo
R AR oJwe] 27)& 1. 06012} Higler-Engis
271 1me] 23974 § 7133 optical speeds=
/8.7°1%0c}. )AL 110 mm X 110 mme] =743
1200 grooves/mme] HUEE 7hHc) A3Y Pabs
& first ordereff4] 8.3 A/mmo}ict. % 50 pm<)
79 T S8 AHES D Bebzole] upeke)
s o RANFEY) 8 AdF FARL oJF a8l

Vol. 35, No. 6, 1991

Table 2. Typical experimental conditions used in the
Experiment

Forward power <450 W
Reflected power >5W
Tangential gas flow  8{/min
Sample gas flow 0.6 //min

Threaded teflon Triple start, 1 groove/mm

0.5 mm sample channel
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A 7M7) oh-gd reflected 5l s 23o) 47}
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Fig. 1. Signal (S) and signal-to-noise ratio (S/N) cha-
nges with applied power for calcium lon (393.3 nm)
and chlorine lon (479.5 nm).
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Fig. 2. Signal (S) and signal-to-Noise ratio (5/N) cha-
nges with tangential gas flow for magnesium ion(279.
55 nm) signal (@), calcium ion (393.3 nm) signal (O),
caicium signal to noise ratio (@), chlorine ion {4795
nm) signal ()} and background at 479.5 nm.
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Fig. 3. Signal-to-Noise ratio (S/N) changes with auxi-
liary gas flow. Curve a) represents the sample carrier
gas flows of 0.3//min or higher ones and curve b)
represents the low sample carrier gas (0.24 I/min or
lower flows). In case of b), $/N increases in the begi-
nning due to a better contact of samples with plasma,
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2ofrel YA o F& 45 B Kranzoll
sty A HERTe] AMNAEAN =AE PAo] &
= Sot2okE Yo AL R YL Yotk
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Fig. 4. Signal (S) and signal-to-noise ratio (5/N) cha-
nges with the sample carrier gas flow. The optimum
gas flow is around 0.5//min. A plasma shape changes
from a cylindrical shape to a2 “torcidal” one (indicated
as 0) when the gas flow exceeds 1.2!/min. Though
an annular plasma could be formed below 1.2//min,
such as 0.6//min at the Br analysis, it is not stable
and changes into a cylindrical plasma within an hour.
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£.2}=o}7} non-annular SFefZzelRc}l o U 7S
2 5 d ol A A vy AL B
45 qlek 7HE B3 118r) 2He AE7)HA an-
nular E2}zebrl gejxe A7k qlsded o
non-annular Eat=olRc} o] ¥ FEE RAF
Pt FL dAAL BAFA REgn ¢ A
el ©hA] non-annular FeNY Fp=el2 Foizt
t}. 23 annular Z# 2017} non-annular ¥e el
Fetzolgr} o] o £A4RAH $YE& RoFA
Rie AL AF Eozole of2E Fwpzolix}
Yy o LE7} Fobd B ok AR 7)A7}
2753 nely 287 Fezvhyed f2e A
7ho) Felx|A HER Al AfHes 753

B 5

SPATIAL PIIOF ILE OF dlet IN AN AHERN AR PLASMA

SPATIAL PROFILE OF Itel 3N A NOM ANHRIL AR Pt ASMA

Fig. 5. The spatial profiles of annular and non-annu-
lar types of pilasmas obtained using helium atomic
line (447 nm),

Table 3. A comparison of detection limits of the mo~
derate power He MIP with other plasmas

unit (pg/m’l)
Wavelength Ar MIP Ar ICP  He MIP
{nm)
Mg (II) 2796 0048 0016 020
CadD 3933 - 00030 011
Zn (D 2024 0074 0040 -
2136 0023 0018 050
CH(ID 4795 - - 48
32'

*from reference 18.

ol ez &3k qoby A¥de non-an-
nular Heje] Fzzelrb AHES At o] 2] o}
e & o AN Q7817 S F YA
o] S2 3311 T FXEF Ugich Fig.58 4
#H 5H non-annular®] %3¢ F$7} vlzd 3l
9tsl annular Zek=oke] 39 el 287149
£3]o2 dulgte} B3] vltze] Felzvlr} ¥F
2.2 Y89sg & 4 gk

A, 3324 9§ MIP/} 4 A8¥
ol 2g A4E § dertE ohE Belzolg)
vlizslr] sis] A3y S48 Aot 49
Helo] F4 Pis) v)FSE At HFHeE ¥
Al 0] 5] &A%} Table 30 3 Vel
AT 0] 5% o EelzRnlEd wusks. o3
7z 2554 4F Zel=EelE AbgEe 345
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Fig. 6. Calibration curves of the moderate power He
MIP.
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