N =, AN
41554 =0 ? EE ? ?L' TE( Vol.41 No.4
2024 7 H CHINESE JOURNAL OF QUANTUM ELECTRONICS Jul. 2024

DOI: 10.3969/j.issn.1007-5461.2024.04.003

BHNAXFTSFEERLESEETHEREY

\ M Al _L M M
woxkl wEMmL xEAN
(1B B BR ST A RO BRI 0%, 103 T 210044
2 PRI DRI K ORI R A ARG L, L W 210044
3 P RIE B DRI AT R R A E A 905, IT 50 210044)

i

B B RN TN TiE 2 0EaE BEE S AUTCRAEOLTE T o g OGS B #EAT 1A 24T,
PRICHYBELE 200~895 nm S BLAY 1 31 ZRFHIEE k. IF HAEAFIBEOGRE R T REAT 7 2 IR, KRB0 sE R T8
LIRS SRS R 25 o RN THAR TN R BOL RER T BOAE B T RIRLE, R LA B MR P B A O RE R RO R N T2
Tt BEAh, WETT 18 525 B LB R LU AN A5 B IR BT B DR R, G SRR, BRI B 1 5 T 2 B LU AN A
TARIRE Z 7] 2 IEAR G S .

% 9 9E): bl S TRIRE WORIE S g e i o
hE S ES:04334 XHERARIR D A XEHS: 1007-5461(2024)04-00587-08

Investigation of laser-induced breakdown spectroscopy and
plasma temperature of zinc
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Abstract: The detection of metallic zinc (Zn) is of great significance in many fields. In this study, the
laser-induced breakdown spectroscopy technique is used to detect Zn, and 31 characteristic spectral lines
of Zn in the region of 200-895 nm are identified. Moreover, several detections are carried out under
different laser energy, and it is found that laser energy has a great influence on the relative intensity of Zn
spectral lines. At the same time, the plasma temperature under different laser energy is calculated, and the
results indicate that the plasma temperature increases gradually with the increase of laser energy. In

addition, the relationship between the ratio of ion line intensity to atomic line intensity and plasma
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temperature is investigated, and the results show that there is a positive correlation between the ratio of

ion line intensity to atomic line intensity and plasma temperature of Zn.

Key words: spectroscopy; plasma temperature; laser-induced breakdown spectroscopy; spectral analysis
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Fig. 1  Schematic of the experimental setup
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Fig. 2 LIBS spectra of Zn in the 200-310 nm band at 150 mJ laser energy
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Fig. 3 LIBS spectra of Zn in the 310-895 nm band at 150 mJ laser energy
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Table 1 Wavelength, upper and lower energy level, Einstein coefficient and other parameters of the spectral lines

R1BERURK ETRER ERFERKFSH

) Transitions Energy /(cm™)
Species Wavelength/nm A /(ST e
Upper level Lower level E E,
Zn 1 207.01 3d"4p’, °P, 3d"°4sdp, *P°, - 32501.399 80792.1 5
207.90 3d"4p*, P, 3d"°4s4p, P°, - 32311.3176 80394.173 3
208.69 3d"4p’, °P, 3d"4s4p, °P°, - 32890.3267 80792.1 5
209.69 3d"4p’, °P, 3d"%4s4p, *P°, - 32501.399 80175.022 1
213.85 3d"°4sdp, 'P°, 3d"4s%, 'S, 7.14 x 10 0 46745.4032 3
251.58 3d"4s7d, °D, 3d"4s4p, °P°, - 32890.3267 72627.05 7
256.98 3d"4s6d, °D, 3d"4s4p, °P°, - 32311.3176 71212.1380 3
258.20 3d"4s7p, 'P°, 3d"%4s4p, °P°, - 32501.399 71218.994 3
260.85 3d"4s6d, °D, 3d"4s4p, °P°, - 32890.3267 71214.243 5
268.41 3d"4s7s, S, 3d"°4sdp, *P°, - 32501.399 69745.9590 3
271.24 3d"4s7s, S, 3d"4s4p, °P°, - 32890.3267 69745.9590 3
275.64 3d"4s5d, °D, 3d"4s4p, °P°, - 32311.3176 68579.1399 3
277.08 3d"4s5d, °D, 3d"4s4p, °P°, - 32501.399 68580.7053 5
280.08 3d"4s5d, °D, 3d"4s4p, °P°, - 32890.3267 68583.0827 7
301.83 3d"4s6s, S, 3d"4s4p, P°, - 32311.3176 65432.2887 3
303.57 3d"4s6s, °S, 3d"°4s4p, *P°, - 32501.399 65432.2887 3
307.20 3d"4s6s, °S, 3d"4s4p, °P°, - 32890.3267 65432.2887 3
307.58 3d"4s4p, °P°, 3d"4s2,'S, 3.80 x 10* 0 32501.3990 3
328.23 3d"4s4d, °D, 3d"4s4p, °P°, 9.00 x 107 32311.3176 62768.7462 3
330.25 3d"4s4d, °D, 3d"4s4p, *P°, 1.20 x 10° 32501.399 62772.0144 5
334.50 3d"4s4d, °D, 3d"°4s4p, °P°, 1.70 x 10 32890.3267 62776.9809 7
468.01 3d"4s5s, °S, 3d"4s4p, °P°, - 32311.3176 53672.2398 3
472.21 3d"4s5s, °S, 3d"%4s4p, *P°, - 32501.399 53672.2398 3
481.05 3d4s5s, S, 3d"4s4p, °P°, - 32890.3267 53672.2398 3
636.23 3d"4s4d, 'D, 3d"°4s4p, 'P°, 4.70 x 10 46745.4032 62458.5323 5
Zn 1l 202.54 3d"4p, °P°,, 3d"4s,°S,, 4.07 x 10 0 49355.04 4
206.20 3d"4p, *P°,, 3d"4s,7S,, 3.86 x 10° 0 48481.00 2
209.99 3d"4d, D, 3d"4p, *P°,, 5.60 x 10° 49355.04 96960.40 6
210.21 3d"4d, °D,, 3d"4p, °P°,, 9.30 x 107 49355.04 96909.74 4
250.19 3d"5s,°S,, 3d"4p, °P°,, 1.97 x 10° 48481 88437.15 2
255.79 3d"5s, %S, 3d"4p, ’P°,, 3.91 x 10° 49355.04 88437.15 2
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