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Emission Characteristics of Okamoto-cavity Microwave-induced Plasma in Direct Introduction of Organic Solvents
and the Application to the Analysis of MIBK Extract from Iron-matrix Samples

Tetsuo MAEDA and Kazuaki WAGATSUMA

Synepsis : An Okamoto-cavity microwave-induced plasma (MIP) with a nitrogen-oxygen gas mixture was employed as an atomization and excitation

source for emission analysis when organic solvent samples were directly aspirated The mixed gas plasmas could be maintained with a high

robustness against the loading of organic solvents such as ethanol and 4-methyl-2-pentanone (MIBK). Also, the introduction of the organic

solvents exerted little influence on the emission characteristics of the plasma; the atomic-to-atomic and the ionic-to-atomic intensity ratios of

various emission lines were a little varied by introducing organic solutions containing different concentrations of ethanol. This is probably

because the organic solvent can be easily removed due to reactions with active oxygen species in the MIP. After test solutions containing Al,
Co, Cr(IIl), Cu, Fe(111), Mo(VI), Ni, and Pb were extracted with MIBK, both the aqueous phase and the organic phase were aspirated into the
plasma, giving calibration curves having good linearity, either from the aqueous phase for Al, Co, Cr, Ni, and Pb or from the organic phase
for Fe and Mo. This effect can be explained from the partition coefficients of these elements between in MIBK and in water.

Key words: microwave induced plasma; Okamoto cavity; optical emission spectrometry; emission characteristics; direct loading of ethanol; MIBK

extraction.
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Table 1. Instrumentation and operating conditions.

MKN-153-LR-OSC (Nippon Koushuha)
2.45 GHz
KN-153-3T-LR-PS (Nippon Koushuha)

Microwave generator
Microwave frequency
Power supplier
Microwave power maximum 2.0 kW
Microwave cavity Okamoto-type (Hitachi)
Nebulizer system Pneumatic concentric (model 306-1582, Hitachi)
with a double-pass spray chamber

Spectrometer P5200 - ICP analysis system (Hitachi)
Monochromator focal length: 0.75 m; grating: 3600 grooves/mm;
blaze wavelength: 200 nm;

slit width: 30 u m (both entrance and exit)

Photomultiplier R-955 (Hamamatsu Photonics)
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Table 2. Iron emission lines employed.

Wavelength Upper Level Lower Level Relative
(nm) (eV) (eV) Intensity
Fe1367.991 3d*4s(“Dydp °F, 3.3682 3d%4s? °D, 0.0000 240
Fe 1370.557 3d°4s(°D)4p °F; 3.3964 3d%4s? °Ds 0.0516 410
Fe1371.993 3d%4s(°D)4p °Fs 3.3319 3d%4s?°D, 0.0000 360
Fe1372.256 3d°4s(*D)4p °F, 3.4169 3d%s’ °D, 0.0873 430
Fe1373.487 3d’(‘F)4p °F;s 4.1776 3d’(*F)4s °F;s 0.8590 240
Fe1373.713 3d%4s(°D)4p °F. 3.3682 3d*4s? °D; 0.0516 240
Fe1374.826 3d%4s(°D)4p °F, 3.4169 3d%4s*°D, 0.1101 80
Fe1374.948 3d’(*F)4p °F. 4.2203 3d’(*F)4s °F, 0.9146 150
Fe1375.823 3d’(*F)dp °F; 4.2561 3d°(‘Fys°F;  0.9581 90
Fe1376.379 3d'(°F)4p °F, 4.2832 3d’(*F)4s °F, 0.9901 50
Table 3. Chromium emission lines employed.
Wavelength Upper Level Lower Level Relative
(nm) (eV) (eV) Intensity
CrlI285.578 3d‘CDYp °Fsn 5.8321 3d'CD)4s ‘Ds,  1.4918 14
Cr11285.891 3d*CD)4p °Fon 5.8848 3d'CD)4s *Ds  1.5494 13
Cr 1 286.093 3d*CD)4p °Fs» 5.8154 3d'CD)4s ‘D, 1.4831 6
Cr11286.256 3d*CD)4p °Frn 5.8553 3d'CD)4s °Dy2 1.5255 15
Cr1357.869 3d‘4s(°D)4p "P. 3.4634 3d°(*S)4s ’Ss 0.0000 3500
Cr1359.348 3d'4s(°D)4p 'P; 3.4492 3d°(°S)4s 'S, 0.0000 3000
Cr1374.900 3d*4s(°D)4p *G, 5.8507 3P(G)s G, 2.5446 4
Cr1399.284 3d*4s(‘D)4p °Ps 5.8121 3d°(*P)4s °Py 2.7079 2
Cr1425.433 3d°(S)dp 'Ps 29134 3d°(°S)4s 'S 0.0000 4200
Cr1427.480 3d°(°S)dp 'P; 2.8995 3d%(°S)ds 'S, 0.0000 3400
Cr1428971 3d°(*S)4p P, 2.8894 3d°(°S)4s ’Ss 0.0000 2600
Table 4. Analytical emission lines for calibration curve.
Wavelength Upper Level Lower Level Relative
(nm) (eV) (eV) Intensity
Al1396.153 35('S)4s *Sin 3.1426 3s%('S)3p Py, 0.0139 450
Co 1345351 3d’4sCF)4p ‘Gz 4.0208 3d%F)4s ‘Fs.  0.4318 20
Cr1425.433 3d°(*S)dp Py 2.9134 3d°(°S)4s ’S; 0.0000 120
Cul327.396 3d'°('S)dp 2Py, 3.7858 3d"('S)4s *Si1»  0.0000 100
Fe1373.713 3d°4s(°D)4p °F, 3.3682 3d%4s? °Ds 0.0516 40
Mo 1 390.296 4d°(*S)5p 'P» 3.1757 44°(°S)5s 'S5 0.0000 40
Nil341.476 3d°(D)4p °F, 3.6551 3d¢°(D)4s°D: 0.0254 30
Pb1405.784 65%6p(P12)7s P, 4.3749 6s6p? P, 1.3205 6
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Fig. 1. Variations in the emission intensities of various Fel lines as a function of the observation height when an aqueous solution
(a) and an 50-vol% ethanol solution (b) are employed. Microwave power: 1.0kW; flow rate of the plasma gas: 14 L/min;
composition of the plasma gas: nitrogen—28 vol% oxygen; flow rate of the carrier gas: 0.7 L/min.
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Fig. 2. Variations in the intensity ratio of various Fe I lines to the Fel 370.557nm as a function of the observation height when an
aqueous solution (filled symbols) and an 50-vol% ethanol solution (open symbols) are employed. The operating condi-

tions are the same as those of Fig. 1.
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Fig. 3. Variations in the intensity ratio of various Fel lines to the Fel 370.557nm (a) and in their emission intensities (b) as a
Microwave power: 1.0kW; flow rate of the plasma gas: 14 L/min;
composition of the plasma gas: nitrogen—28 vol% oxygen; flow rate of the carrier gas: 0.7 L/min; observation height:

function of the ethanol content in sample solutions.
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Fig. 4. Variations in the intensity ratio of various CrI and CrlI lines to the CrI 428.971 nm as a function of the ethanol content in
sample solutions. The operating conditions are the same as those of Fig. 3.

L2LAENS, CrtA A VBEDMmEIZTs ) - L &R
BOEIMZEDGBAIIRELS LS Z2b0s, ThidA
U ALROBKRAERE LTS, 2O BFRETHEA A
VROW OB E, FFRAFEE T 7 XA ETAMIZKDS
He2Z3REETHY, 414V LEEE L EERTH
OEEFRLUN 2 ZETILERHIEELONDS, BX
BIHS 2 DKAENSE, 77 Xv2tkr b ORA2FEHICR
U TR &2 S 5 Z L NS RO RRETH 5,
Fig. 3(b) T/RL 72k D12, =4/ —LGHEORMC
B> TFeDRAMMBIEITIZIT R BEHRIED SN
5, ZhigT g/ —LiEk#HHT5Z2 &0k, O
ARG 5 2 LAREREBEbh s, KRR TIEEK
WAREZRY THIEAEIT>TE 6T, 3754 FOWAA
HIZKDRBBEAREPRO SN 520, HETEO RS
K DBAENEET S, ERE, T/ - LERTIEEH
DIGALEDAHNED S, BEOKEERHRTIE,
BHEOHAMEAZZEML TELEDOKEFERFIZKZIAE
Na8, 77 XAvOHEFBEOHKID 5 FNEE DR KIZ
BESLEVEASNE L, LArLEMS, T4/ —ILiEHE
f@%%@ﬁ@@Mﬁﬁﬂéhé*awa LROBHH
fiAogEEELONS, ZhIFICERZE&SiC, =4
I = IEENNE L BT RBENESIIRID, Lr ek
REDBRBE - REIDIZ KD RANREE NS Z & ICER
LTWBEEILNS, T4 LEARFROIDO LS K
HiE, SR BOWTHEOESREIZEMNCRHETE
33DEEZOND, AEETIIRAR 2 KER» SFHBL
TNWBDT, TF /- LEFFENOHLLEDEDIZDON
TIRRF LAWY, SSIIEREDT 2 ) —LRARD
BATERNBOBER AP TXE 5,

40

3.4 MIBKHEHBREICEL ZKEH LUBHEOKRER
sEEOHEIETTRIIH LT, MIBKiftBIZB o -H
i, KEHZhZFhE2BWTREREERL ., ZOER
# Fig. S(a)~(h) 1Z3¢, HIEIZ 5 mOEHHEAERLTED,
Al, Co 200ppm DIERDIT 6D ENKE AEEL K-> T 5
P, ZhET I XvD—BHORES EARMLZEDLE
AZo0, SR RBORBEIZERY 5 5 & D Tid A0,
Fe, MolZ Wik, A (@) % H 7354 M
ﬁ@éé@%ﬁﬁ%%h:Mmm&mwt%ﬁ_m%m
HMEIIHD T bbb, ThidFe, MoA
MIBKIZK DI EMB LR TH S Z LISERL T %,
—F, TOMDILRIZODVTIRAERERIZFe, Mok E 5
7KW THY, KEHM THIE L -IBEICEBHEO & 5
BEESEOH, AEH@ TIRIEEESBRE SRy
(Al, Co, Cr, Ni, Pb) 7 F 588 A FEFE 1590 (Cu) T & Aibh
5, ZZTHEHIANELHELT, CulBIL TEHEHMIIC
BEL T & BMEITHO A EREEO 5 2REFEIHOH
T, CUlRTO—HPEBENIZHEhTHhEEDL
HHEETE S, ZThoOBERIT, FILEDOMIBK HH & KHH
NOGEFREIZEDFHHT LI LN TES '™,

4. £

ABe LTy —LKEREHOERE, HIENERIT
ORI TR SR8 - A 4 VB LD fE
BFEELEET, 77 XD EEIIN T AR ENRE
BaZehbhotz, THEIHEBRE#EHTAZ LI0K
DTIATHIZEAIND L ELONDIRKRERADTRT
CALEIZ KA TEAEL 61T, ZThEDBESOL



HRBREESEAIZL 5 Okamoto-cavity ¥ 4 7 WIEE T 7 Xv D4 M & Z O $aN O M1 BK fili 7 8 & & 55§ ~\DIEH

(a) A11396.153 nm

5

Intensity/arb.unit
=) — ~ w

0 100 200 300 400 500 600
Concentration / ppm
(¢) Cr1425.433 nm
= 14
£
E 12
L2 10
=
= 8
£ s
g 4
] 2
=0
0 100 200 300 400 500 600
Concentration / ppm
(¢) Fe 1373.713 nm
3
z
2
£ 2
-
K
&
g 1}
2
=
0 - - -
0 100 200 300 400 500 600
Concentration / ppm
(g) Ni 1341.476 nm
= 37
=
3
=
i
KJ
g
w
£
I3
2
=
b @
0 100 200 300 400 500 600

Concentration / ppm

Intensity/arb.unit Intensity/arb.unit Intensity/arb.unit

Intensity/arb.unit

(b) Co I 345,351 nm

2

0 100 200 300 400 500 600
Concentration / ppm
(d) Cu1327.396 nm
0 100 200 300 400 500 600
Concentration / ppm
(f) Mo I 390.296 nm
0 100 200 300 400 500 600

Concentration / ppm
(h) Pb 1 405.784 nm

0 100 200 300 400 500 600

Concentration / ppm

Fig. 5. Calibration curves for several analyte elements when introducing the aqueous phase (M) and the organic phase (@) after
MIBK extraction. Microwave power: 1.0kW; flow rate of the plasma gas: 14 L/min; composition of the plasma gas: nitro-
gen—28 vol% oxygen; flow rate of the carrier gas: 0.7 L/min; observation height: 13 mm.
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