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Abstracts: Detection of halogens using laser-induced breakdown spectroscopy (LIBS) in open air is very difficult
since their strong atomic emission lines are located in VUV region. In NIR region, there are other emission
lines of halogens through electronic transitions between excited states. However, these lines undergo Stark
broadening severely. We report the observation of the emission lines of halogens in laser-induced plasma (LIP)
spectra in NIR region using a helium gas flow. Particularly, the emission lines of iodine at 804.374 and 905.833
nm from LIPs have been observed for the first time. In the helium ambient gas, Stark broadening of the emission
lines and background continuum emission could be suppressed significantly. Variations of the line intensity,
plasma temperature, and electron density with the helium flow rate was investigated. Detection of chlorine and
bromine in flame retardant of rubbers was demonstrated using this method. Finally, we suggest a pulsed helium

gas jet as a practical and ecomonical helium gas source for the LIBS analysis of halogens in open air.
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Fig. 1. (a) Schematic of a LIBS spectrometer and pictures
of (b) a SUS tube for He gas flow and (c) a nozzle
for He gas pulse jets.
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Fig. 2. F I, C1 I, Br I, I I lines
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observed from LIPs in air and He gas flow.
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Table 1. Wavelengths, transition probabilities (4;) between upper (i) and lower (/) levels, and the upper- and lower-level energies
(£; and Ej, respectively), electron configurations, and total angular momentum quantum number (J) of the observed

FIL ClIBrlL II lines

Wavelength Ay E; E; Lower level Upper level
(nm) (x107 s (em™) (em™) configuration, term, J  configuration, term, .J
677.398 1.4 102405.71 117164.01 2522p*3s, *P, 5/2 25%2p*3p, ‘D°, 5/2
679.553 0.77 102680.44 117391.95 2572p*3s, *P, 3/2 25%2p*3p, ‘D°, 1/2
683.426 24 102680.44 117308.56 252p*3s, *P, 3/2 2s%2p*3p, ‘D°, 3/2
685.603* 45 102405.71 116987.39 252p*3s, *P, 5/2 2s%2p*3p, ‘D°, 7/2
F1I 687.022 3.8 102840.38 117391.95 252p*3s, ‘P, 172 25%2p*3p, ‘D°, 1/2
690.248 3.1 102680.44 117164.01 2522p*3s, *P, 3/2 25%2p*3p, ‘D°, 5/2
690.982 1.8 102840.38 117308.56 252p*3s, P, 1/2 25%2p*3p, ‘D°, 3/2
696.635 1.6 104731.05 119081.82 252p*3s, *P, 3/2 25s%2p*3p, 2P°, 1/2
703.747 3.8 104731.05 118936.80 25%2p*3s, P, 3/2 252p*3p, 2P°, 3/2
833.331 1.6 72488.568  84485.309 3s%3p*4s, P, 3/2 3s%3p*4p, ‘D°, 3/2
ClI 837.594* 2.8 71958.363  83894.037 3s*3p*4s, P, 5/2 3s%3p*4p, ‘D°, 7/2
842.825 2.4 72827.038  84688.637 3s73p*ss, P, 1/2 3s%3p*4p, ‘D°, 1/2
827.244%
833.470
Brl 834.370 22 12 12
844.655 1.2 32 32
804.374* 54633.460  67062.130 55%5p*6s, 2[2], 5/2 55%5p*6p, 2[17°, 3/2
. 902.235 60896.243  71976.775 55%5p*6s, 2[0], 1/2 5s%5p*6p, [11°, 3/2
905.833 54633.460  65669.988 55%5p*6s, *[2], 5/2 5s%5p*6p, [31°, 7/2
911.387 56092.881 67062.130 5s%5p*6s, 2], 312 5s*5p*ep, [1]°, 3/2
*The strongest line observed for each species
A% PEAES A5 o) g U7t S B 2 FESM HYE LIBEYE BB FLCL
HI3IA T St-Onge 5 He 712 Z2$-5 o] &3} Br L 11 W&XES Z+2 vl w3t th NIST Atomic
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Fig. 5. H, lines observed in (a) air and (b) He gas flow.
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in air and He gas flow.
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