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Fig. 1 AED equipped with a coaxial micro plasma
torch

Abbreviations—OF: optical fiber, DT: discharge
(quartz) tube, OE: Outer electrode (platinum tube),
IT: insulation (quartz) tube, IE: inner electrode
(platinum tube). Details are described in the text.

GATHADBERRDPERE RoTBY, FIXEE
BEBLZEENPLDAES N, Lo, TS5 X<
HATRETH T ADTNAIEAUZIL L, 2275 AW
KEDRBNAARDP P WEEL T AL WMETHLEE
AoNb., TIARTAFKREZ2REL LEZBAICEISS X
YHAELELS R HDT, ABOMERMIEL 252 LI
IBZBMERTIZRIDIA VEEZLNS, ZON—F%
Wik L7- AED 23/EL, 8MBEROE) Y FRILEWD
o AR & BTG L 7.
2 % Er

2-1 B E

HOPMLEWH» ML LREIRL AR L RoT0B Z
L, BESBEIRES GC ABEICHEN IV E, HHn
FEOLE O TH BRoBESBEN AW L E
o, EHRBEABLEWE LTANT 4 FEHEOFFT=Y
— v CER bRE, ME>90.0%), &V v AHte&mL
LCY VBT ATVED) VEE MY 25V (BRIbSE,
MHEE>08.0%) ERW:. T, FET V- LVEEND
BECTREORTFERIIGFHEENGZHHBLERLR
FTWwZk, IhSEYoOFEOHRERL, GCE AW
T EENLBNBES THLI L ENDL, SNEILEWE L
THRER®) VEETRWT O ULV Y Y GREILRE,
ME>90.0) ZHEHLZ. ThoDibEWE XY ) —IVE
e LTIz L7,

Vol. 56  (2007)

2:2 ¥ B

2:2-1 A/ O0F5XY b—F%HEA - AED
Fig. 113 /EL 7 AED OBBlZ RS, ¥4 /a7 5 A<
F—=FE2ROHEEERE NEEE: HEF1.0mm, W
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Fig. 2 Emission spectrum of helium plasma

Flow rate of make-up gas: 1 mL min" ', applied power:
1 W, applied frequency: 250 kHz. Identification of
the atomic emissions was referred from on NIST atom-
ic spectra database (ver. 3.1.1); 706.5 and 728.1 nm
(He), 777.2, 844.6 and 926.6 nm (O), 742.4, 744.2,
746.8, 818.8, 821.6, 822.3, 824.2, 862.9, 868.0 and
871.2 nm (N)

250, MHERIERE: 200C, # 5 4EE: 50C (3 min),
20T /min, 200C (1 min), Fx UX¥—FARE: 1.2
mL/min, A7V v Ml 1:45 & L7, ZdB, RIBES
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ms & L7z,
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Fig. 3 Two-dimensional gas chromatogram of propyl-
benzene (PA) and thioanisole (TA)

Flow rate of make-up gas: 1 mL min~ ', applied power:
3'W, applied frequency: 250 kHz. Line identifica-
tions were referred from NIST atomic spectra database
(ver. 3.1.1).
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921.3, 922.8 K17 923.8 nm IIEEIRB ISz, DM
WIEEDTHIETE 72 921.8 nm ZIIERFICHRE L.
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R, EVNEN D 2\ IZENIEE AR E ORI K
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Bz &, ERCEEMEIIEN L7, ENIE RS
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Fig. 4 Effect of make-up gas flow rate (a), applied

power (b) and applied frequency (c) on the emission
intensity at 921.3 nm

Sample: Thioanisole (the amount of sulfur detected:

7 ng)
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SNy 27T FEEEZRRYITELIIEMIELZTTo
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. Fig. 5 Sulferselective gas choromatogram of propyl-

benzene (PB) and thioanisole (TA) measured at 921.3
nm without (a) and with (b) background correction at
920.8 nm
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Y77 —OfFRR P —FOWE, L) EERERRNE, X
DHREEDBNHEROMEHZEITL Y, BEE, SR
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Ty A=, BT A NN—%HE ) 1 mm FRITH
E L7z, BICHBE ST OBERER % 200 ms 2° 5 400 ms
ELTEBRENEZR 2. 20O, ®IMEBICTY VYD
FFHbE MR L.

Fig. 6 IS E#% D AED RO ZHVTH O
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Fig. 6 Two-dimensional gas choromatogram of
propylbenzene (PA) and triethyl phosphate (TP)

Make-up gas flow rate: 17 mL min" ', applied power:
3 W, applied frequency: 220 kHz. Line identifica-
tions were referred from NIST atomic spectra database
(ver. 3.1.1) and ref.29.

FHoNnBEDOD, VBN ZFIVEEREORIY) YOR
TN (253.4, 253.6nm) ZHEFE LAz T, HMELRER
HDOED o7 258.4nm BHEEEE L.
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220kHz & L CA—=2 7 v THAREE 9, 13, 17 RV
21 mL/min &L & TY VB MY ZF VD GCAED {ll
ExfTo72L &, 9mL/min LTI VY HEDEFRE
WHHEICRBCTE o720, TN LOWMEBTRERED
BN CBI T 2MED ML 2. AR TIEA -2
Ty T HAOBEELREZER L, DEOWEIL 17 mL/min
Tiio7z. EIMENEZ 1, 2, 3 RPF4W EEZ L &I,
TREEE R & Fik, BHOBIMIZIZHE L COSEHEED
WRLAD, BEOBERRZLZEELTIW2HlESME
L L7z, EVmAEBE % 200, 220, 250 K UF 300 kHz & %
Z7=% &, 220 kHz Bif: T30 R0 i &Ml A3B8n 3 % 15 1)
BHONIZ, TROSDEBETRELZFUELRY YU E
YUBMN)IZFVOHFAZAR NS T L% Fig. 8 (a) 1T
R, UVYBRPN)ZF VO =B 7—J YT LTWED
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Fig. 7 Effect of make-up gas flow rate (a), applied
power (b) and applied frequency (c) on the emission
intensity of at 253.4 nm

Sample: Triethyl phosphate (the amount of phospho-
rus detected: 8 ng)

iZ, BEAFYES Y —F T2, NEEEDH LWITE
FALBBRICB) 2 FHAENERE L CHVWZH&E ICRE
LTI EPEZHNS. Fig. 5 LIS, U rolllg
KR (258.4nm) WCEEL, 22U YORFREMBTHEE
SNBVWEETHS 2541 nm OFRETNy 7 7557V F
HWEARAZD, THEARYE Y THNSWIEEHTD

bhrz Fig. 8 (b)}. Zhid, CO"DHTFHAY (255.0
nm) HREZZ 6N, XVERE, ERROZ2Y CHlE
WCIRBMELRAN) Y AHFADOMEE, KADRFLAADLE
BEDPLBETHHEEZOND.

3-3-3 EfRE, RHETE, BHEME  AED ORKU ¥
FIEED 2.1, 4.1, 81 K'99ng & 2D LI ICERLDE
DY VM) TFIVERETHEL, GCAED HIEICLD
REOEMEELBRE L. FRBREICOWT3IHETOHUE
L7zeZs, VVE (») LUV VBM)ZFLVOY—-2H
B CEHME, ) LOMICRFLERNG (y = 883.2x,
R*=0.965) %1872, 99ng DY vEMB Lz & XOFHH
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Fig. 8 Phosphorus-selective gas choromatogram of
propylbenzene (PB) and triethyl phosphate (TP) mea-

sured at 253.4 nm without (a) and with (b) back-
ground correction at 254.1 nm
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WERKE GC~DEBIFTE 5.

2006 4 10 H, Separation Science 2006
KU 200745 A, HAGHALFS
8 68 B LEF MR ICB N THEE

KAGAKU Vol. 56 (2007)
X 7
1) BEEss s, AMEEE, FHISE6A7THR
TRTRE.

2) PRk 17 SEEAE G EE EIREE 497, 498 KU 499 7,
PR 17 48 11 A 29 H &R,

3) MEEREFEILILG, [HEWEONE OMERSE
B AT HRRLL, 81045, 224, T
18 42 11 A 30 HERKEE.

4) BRI ANVF—TREEEL A V¥ —RESA MR
mmBEANRER, [SHROHBEHBRAMEDD D
HIZoWT GBZRIMER) | PR 1547 H.

5) HERGHLZEE T A7 u~< N5 7 4 — iR BHE
W: “Fr¥T)V—FA7u<x 75717,
(1997), (FIEEE).

6) R. Eisert, K. Levsen, G. Wuensch: J. Chromatogr. A,
683, 175 (1994). ;

7) N. L. Olson, R. Carrell, R. K. Cummings, R. Rieck:
LC-GC, 12,142 (1994).

8) Z.V. Skopec, R. Clark, P. M. A. Harvey, R. J. Wells:
" J. Chromatogr. Sci., 31, 445 (1993).

9) H.-J. Stan, M. Linkerhaegner: J. High Resol.
Chromatogr., 26, 539 (1993).

10) P. L. Wylie, R. Oguchi: J. Chromatogr., 517, 131
(1990).

11) J. T. Andersson, B. Schmid: J. Chromatogr. A, 693,
325 (1995).

12) A. J. McCormack, C. Sudhaker, S. A. Levine, M. S.
Patel, J. M. McCann: LC-GC, 12, 30 (1994).

13) T. G. Albro, P A. Dreifuss, R. F. Wormsbecher, W. R.
Grace: J. High Resolut. Chromatogr., 16, 13 (1993).

14) J. J. Seeley, Y. Zeng, P. C. Uden, T. I. Eglinton, L.
Ericson: J. Anal. At. Spectrom., 7,979 (1992).

15) T. Kabe, A. Ishihara, H. Tajima: Ind. Eng. Chem.
Res., 31, 1577 (1992).

16) B. D. Quimby, V. Giarrocco, J. J. Sullivan, K. A.
McCleary: J. High Resolut. Chromatogr., 43, 5091
(1992).

17) T.N. Asp, S. P.-Bjergaard, T. Greibrokk: J. Chromatogr.
A, 736, 157 (1996).

18) R. J. Skelton, JR., K. E. Markides, M. L. Lee, P. B.
Farnsworth : Appl. Spectrosc., 44, 853 (1990).

19) D. A. Ryan, S. M. Argentine, G. W. Rice: Anal.
Chem., 62, 853 (1990).

20) G. W. Rice, A. P. D’Silvia, V. A. Fassel: Spectrochim.
Acta, 40B, 1573 (1985).

21) R.]. Skelton, JR., K. E. Markides, P. B. Farnsworth, F.
J. Yang, M. L. Lee: J. High Resolut. Chromatogr., 11,
75 (1988).

22) S. P.-Bjergaard, T. Greibrokk: Anal. Chem., 65, 1998
(1993).

23) T. Nakagama, T. Morita, T. Maeda, K. Uchiyama, T.
Hobo: Anal. Sci., 17 (supplement), i851 (2001).

24) VLT, PAER, =HEBRZE, mLEE, $&
EM, BEETF, BHIER, AL—%: o b
(Bunseki Kagaku), 54, 869 (2005).

25) R. J. Skelton, _]R'., H.-C. K. Chang, P. B. Farnsworth,
K. E. Markides, M. L. Lee: Anal. Chem., 61, 2292
(1989).

26) S. P.-Bjergaard, T. Greibrokk: J. Microcolumn Sep., 6,
11 (1994).

27) G. W. Rice: “Helium Discharge Detector for Gas
Chromatography”, (ACS Symposium Series 479, Edited

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

™o FHEE AN, E, AL A#E< S 0S5 X< b—F %272 GCH AED S L & S RUE P ARILEWHRE 735

by P. C. Uedn, p. 205 (1992), (American Chemical 31) J. J. Sullivan, B. D. Quimby: “Element-Specific

Society, Washington DC). Chromatographic Detection by Atomic Emission
28) J. E. Freeman, G. M. Hieftje: Appl. Spectrosc., 39, 211 Spectroscopy”, (ACS Symposium Series 479, Edited by

(1985). P. C. Uedn, p.62 (1992), (American Chemical
29) J. Hubert, H. V. Tra, K. C. Tran, F. L. Baudais: Appl. Society, Washington DC).

Spectrosc., 40, 759 (1986). ' 32) S. P.-Bjergaard, T. ZGreibrokk: J. Chromatogr. A,
30) F. P.-Epaillard, M. Aouinti: Plasmas Polym., 7, 1 686, 109 (1994).

(2002).

Development of Atomic Emission Detector for Gas Chromatography
Equipped with Coaxial Micro Plasma Torch and Detection of
Sulfur and Phosphorus Organic Compounds
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An atomic emission detector (AED) using a helium radio-frequency plasma (RFP) for gas
chromatography (GC), equipped with a coaxial micro plasma torch, was developed. The torch
was made by arranging two platinum tubular electrodes (1.0 mm o.d. and 0.5 mm o.d.) coaxially.
The head of an optical fiber was placed on the torch, and the end was connected to a compact
CCD spectrometer. The developed AED was set on a conventional GC for the measurement.
When thioanisole was used as a sulfur compound, the detection limit of sulfur was obtained to
be 59 pg/s (S/N = 3) at a detection wavelength of 921.3 nm with an applied power of 3 W and a
flow rate of make-up gas of 1 mL/min. In the case of triethyl phosphate as a phosphorus com-
pound, when the detection wavelength, the applied power and the flow rate of make-up gas were
set at 253.4 nm, 3 W and 17 mL/min, respectively, 62 pg/s (S/N = 3) was found to be the detec-
tion limit for phosphorus. These results indicated that the applied power and/or the flow rate
of plasma gas required for the developed AED for the high-sensitive detection were less than one
order of magnitude smaller than that of previous reported helium RFP-AED:s.

Keywords : atomic emission detector; radio-frequency plasma; gas chromatography ; organic sul-
fur compounds ; organic phosphorus compounds.
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