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An barrier discharge radiofrequency helium glow-dischage plasma for the determination of
fluorine, chlorine, bromine and iodine with atomic-emission spectroscopy was developed. A
glass tube wrapped with two copper film electrodes, one of which was earthed and the other sup-
plied with a radiofrequency impulse high voltage (98 kHz, 3.2 kV), maintained a glow discharge
with a stream of helium gas. The emission was monitored by a spectrometer using a charge-
coupled device (CCD) in the range of 730 ~960 nm. The emission lines of fluorine(733.2,
739.9 nm), chlorine(833.3, 837.6, 858.6, 894.8, 912.1 nm etc.), bromine(827.2, 882.5, 889.8,
926.5 nm etc.) and iodine(905.8 nm)were determined. A linear calibration of 1~ 10 ug for flu-
orine, and chlorine, and 0.1 ~ 1 pug for bromine were achieved. The emission intensity was

stronger in the order of bromine > iodine > chlorine > fluorine.
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Gaseous sample was introduced either continuously (line A, vaporization) or

by syringe injection (line B).
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Fig. 2 Signal/background dependence on high volt-
age and He gas flow rate

As the ClI source, 1,1,1-trichloroethane diluted with
ethanol was placed in the ice-cooled test tube (line A).
The emission line of CI at 837.6 nm was monitored as
the signal, while the wavelength of 836.2 nm as the
backgroud. Higher voltage than 3.3 kV and more He
flow at 3.2 kV caused a risk of short circuit through
glass discharge tube, hence 3.2 kV-200 ml]/min was
chosen for the sake of stability.
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Fig. 3 Glow discharge emmiting no chlorine line
This type of plasma maintained glow discharge easily,
however, emitted no Cl line. Besides, the brightness
was lower than the plasma in Fig. 1.
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Fig. 4 Emission spectrum of fluorine

1: 7332 nm; 2: 739.9 nm. Lines at 777 and 845 nm
are oxygen emission.
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Fig. 5 Time series profile of stepwise injection of flu-
orine, monitored at 739.9 nm
As the fluorine source, 1,1,1,3,3,3-hexafluoro-2-

propanol was used.

Table 1 Emmision lines of halogens
F (685.6) (690.2) 733.2 739.9%
Cl 833.3 837.6% 858.6 894.8 912.1
Br 827.2* 882.5 889.8 926.5
1 905.8* (965.3) (973.1)
unit: nm. Wavelength marked with * was monitored in

quantitiy-response study (using line B). Wavelength in
parethesis was out of the range of the used spectrometer.

Table 2 Response factor of different organic chlori-
nated compounds

Carbon tetrachloride CCl4 1.00

Dichloromethane CH,Cly 1.04

Chloroform CHCls 0.94

1,1,1-Trichloroethane CH;CCly 1.02

Based on peak height by syringe injection (line B)
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Table 3 Signal intensity of halogens
Ionizing energy/  Elemental line/ S+B B S Sil§nal from
Element ’ ; ’ i ’ 10" elements,
eV nm counts counts counts
counts
F 17.4 733.2 390 179 212 0.7
739.9 823 185 638 2.0
Cl 13.0 833.3 78 26 52 0.3
837.6 610 22 589 3.5
858.6 140 33 107 0.6
894.8 498 16 482 2.9
912.1 1302 39 1263 7.5
Br 11.8 827.2 1432 28 1404 18.7
882.5 1666 47 1619 21.6
889.8 3034 68 2967 39.6
I 10.5 905.8 641 25 616 13.3

S: signal; B: background. Background was the average of the counts of the both neighbouring sides (ca. 1.5 nm apart from the ele-

mental line).
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