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Emission Characteristics of Okamoto-cavity Microwave-induced Plasma Using Nitrogen—Argon Mixed Plasma Gas

Gen KANEHISA, Kazuaki WAGATSUMA and Yukio OKAMOTO

Synopsis

: An Okamoto-cavity microwave-induced plasma (MIP) with nitrogen-argon mixed gas was investigated to employ an alternative excitation

source instead of the conventional nitrogen plasma. The emission intensities of atomic emission lines of copper and iron having small excita-

tion energy were clearly elevated by adding argon gas to the nitrogen plasma, giving the maximum intensity at the argon mixing ratio of 40%.

On the other hand, the excitation temperature, which was estimated from Boltzmann plots using Fel emission lines ranging from 358 to

380 nm, was hardly changed when the amount of argon increased up to 50%. Also, the ionic-to-atomic intensity ratios of calcium, magne-

sium, and yttrium were not changed so much by mixing the argon gas. These results concerning the excitation temperatue as well as the

jonic-to-atomic ratio imply that the excitation characteristics of the N,~Ar MIP are similar to those of the N, MIP. However, it was observed

that the emitting zone of the N,—Ar MIP could be expanded compared to the N, MIP. Energetic argon species, which are produced through

collisions with electrons and nitrogen species, can expand the plasma region due to their smaller cross-section compared to nitrogen molecule

species, and then can take part in excitation collisions of analyte atoms at the outer zone of the plasma, leading the increased emission inten-

sities of the analyte atoms.
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Table 1. Instrumentation and the operating parameters.

Operating parameter
Microwave generator
Microwave frequency
Power supplier

Description
MKN-153-LR-OSC(Nippon Koushuha)
2.45 GHz
KN-153-3T-LR-PS(Nippon Kosyuha)
with a maximum power supply of 2 kW

500 W

Okamoto-cavity(Hitachi)
300-8352(Hitachi)

10.0 L/min

14 - 17 mm above the front plate
Pneumatic concentric nebulizer

(Model 306-1582, Hitachi)

conbined with a double-pass spray chamber
0.5 L/min

P5200-1CP emission analysis system(Hitachi)
Focal length: 0.75 m; grating: 3600 grooves

Working power
Microwave cavity
Plasma torch
Plasma gas flow late
Observation height
Nebulizer system

Carrier gas flow rate

Spectrometer

Monochromator
mm"; blaze wavelength: 300 nm; slit width
(both entrance and exit): 30 um

Photomultiplier tube R955(Hamamatsu Photonics Corp.)
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Table 2. Spectral lines for the measurement.

Wavelength [nm] Upper level Excitation energy [eV] Lower level Excitation energy [¢V]

Cul 219.958 4p* Dy 7.02 4s "Dysp 1.39
Cul 222.778 4p* F, 7.21 45Dy, 1.64
Cul 223.008 4p* °F, 6.95 457Dy, 1.39
Cul 324.754 4p* ?p,, 3.82 45°S,, 0.00
Cul 327.396 4p* P, 3.79 4s7S,, 0.00
Cull  213.598 4p* °F, 8.52 4s°D; 2.72
Cull 224.700 4p*°p, 8.23 4s°D; 2.72
Fel 248.327 4p* °F 5.00 45°D, 0.00
Fel 250.114 4p* °Dy 4.96 4s°D, 0.00
Fel 251.810 4p*°D, 5.01 45°D, 0.09
Fel 252285 4p*°D, 4.91 4s°D, 0.00
Fel 252.429 4p* °D, 5.02 45°D, 0.11
Fel 271.843 4p* D, 5.55 4s°F, 0.10
Fel 271.902 4p* °p; 4.56 45°D, 0.00
Fel 275.404 4p* °F, 5.49 4s °F, 0.10
Fel 275.443 4p*°D, 5.46 45 °F, 0.96
Fel 276.309 4p* °H, 5.34 4s °F; 0.86
Fel 358.120 4p* °Gy 4.32 45 °F; 0.86
Fel 371.994 4p* °F; 3.33 45°D, 0.00
Fell  238.204 4p* °F, 5.20 45 °Dy, 0.00
Fell 259.836 4p* °Dy,y 4.82 45D, 0.05
Fell  259.939 4p* Dy, 4.77 4s °Dy), 0.00
Fell  261.188 4p*°D,, 4.79 45 °D,, 0.05
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Fig. 1. Variations in the emission intensities of various Cu
I lines as a function of the argon mixing ratio in
N,—Ar MIP. Microwave power: 1.0 kW; flow rate of
the plasma gas: 10L/min; flow rate of the carrier
gas: 0.5 L/min; sample:1 g/L Cu.
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Fig. 2. Variations in the emission intensities of various Fe I
lines as a function of the argon mixing ratio in
N,~Ar MIP. The operating conditions are the same
as those of Fig. 1 except using a sample solution of
1g/L Fe.
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Fig. 3. Variations in the emission intensities of some Fe IT
lines as a function of the argon mixing ratio in N,—
Ar MIP. The operating conditions are the same as
those of Fig. 2.

Table 3. Excitation temperature at several mixing ratios of

Ar.
Ar mixing ratio [%] Excitation temperature [K]
0 4293.1
20 43222
30 4309.4
40 42993
50 4216.6
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Table 4. Spectral lines employed for measuring ionic-to-
atomic intensity ratios.

Wavelength [nm] Excitation energy [eV]

Mgl 285.211 4.35
MgIl 280.269 4.42
Cal 422.673 2.93
Call 396.847 3.12
Fel 252.285 4.91
Fell 259.939 4.71
YI 414.284 2.99
Y 11 420.471 2.95
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Fig. 4. Variations in the ionic-to-atomic intensity ratios for
Ca (a), Mg (b), Fe (c), and Y (d), as a function of
the argon mixing ratio in N,—Ar MIP. The analyti-
cal lines are listed in Table 4.
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Fig. 5. Photos of the N, MIP (a) and the N,-50% Ar MIP
(b) when a solution containig 1 g/L Fe is aspirated.
Microwave power: 1.0kW; flow rate of the plasma
gas: 10L/min; flow rate of the carrier gas: 0.5
L/min.
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Fig. 6. Calibration curves for Cul 324.754nm (a), Cul
327.396nm (b), Fel 358.120nm (c), and Fel
371.994 nm (d) when the N, MIP and the N,-40%
Ar MIP are employed. Microwave power: 1.0kW;
flow rate of the plasma gas: 10 L/min; flow rate of
the carrier gas: 0.5 L/min.
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