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Fig. 2 Comparison of the time-integrated spectra under the conditions of non-flat and flat sample surfaces

The rock samples are (a) Coal stone, (b) Tourmaline, (¢) Dolomite, (d) Fluorite, and (e) Limonite, respectively

WRE ARy LIBS HEAR P XS 2 —. HIEM W
WOLTE S TR MWK R . o T BF50OR [F oG Re
R RE S RN LIBS o 3% 4000 45 S0 R, S o ok R
B LLS m] I FRAE 18 ~48 m] i i [ h AR fk . %48 -
i 1 P AN TR i R T O T A3 4R (Fe T 404. 58 nm Fl
Fe T 438.35 nm )3 BAMOGRE & 1 B HEFT 40 1. WA 2
() JIT 75 » BEOE BK vi BE 8 1 3 A, S 3H 2 AR 7 30 3R 7T 4%
P17 i 2 i B 4 5t U B 3 R L SR AE 4% N O R i
T AR U R 2 T ST DN AR 09 5 4R AR B B /N T AE -4
FEGR R O R R MR, A € X328 B F (Reduction
factor) Jy 3 - HUAE it 32 T 1 0 T B AR 1% 28 19 58 2 55 7 30 e T
TR ARAT RS £k 1058 B 19 LU B [ 2Ch) 45 T 3 s R B 3L
JeRER AT AR . AR R, R TSRO RE G K
772 W AR, T FESOGBE R 33 m) A iR /ME, TG BEBOLfE
B R R R K, i Ok T S B 4w LIBS

rORE RS Tl RE . AT R R S S K 1 i O SR BE L MR
KU REHE AKX I=E/(SXo), Hv E RFEbEE: S MK
TGS TR A AR« A EOG R IR TE . AR S R AR
SR B BON AR A BE A AR OG5 RE 3R TR fl 1 AR
A5 R FEMGIRDY o AR A T AR B SR A4 T RO A A
KT 075 VAL RE &M T WEOCHR I EEAL, WitH
o SR FRED >SCE R M), H 06 Al #E B 357 1 3%
40 IBEOCh R BT /NY, Kk, MOLSE IR E 5
S i FE B R AR AT VA R T A P SR i R TE R AL T B 55 00k
Bet #
2.2 TFEEERREMNEEFEHFESHENZN

HL 7 % J¥ AT R Stark B 9E kAT, LK R A
Lorentz BREOW JF 1% kil AT & JFIR13 105 2 19 55 B 0L
BERTE (AN o 38R AR e R KT R O i 2k . e A EE R TR
(AAPsmmenty S50, 048 nm, Stark F& 95 (AAP™) 0] 3 3 AATek =



55 10 4] WUKAESE RV WO S S T OGRS R T R 3027
(a) Sample: limonite (b) Sample: limonite
21000 070
Fe 1404.58 nm (Non-flat surface) —@— Fe1404.58 nm (Non-flat/Flat)
Fe 1404.58 nm (Flat surface) Fe 1438.35 nm (Non-flat/Flat)
175004 4% - Fe1438.35 nm (Non-flat surface) 0.63 1
—A—  Fe1438.35 nm (Flat surface) 5
. :
< -
= 14 000 “; 0.56 -
S k) =
§ 10 500 4 g
= B 0.49-
M -
7000 - o
& e 0.42 /
3500 a-== %" 2

18 24 30 36 4 48
Laser energy/mJ

0-35 T T T T T T
18 24 30 36 42 48

Laser energy/mJ

3 EFEMTEFSROEAGTHHCLEEX L (Fe [ 404.58 nm #1 Fe [ 438.35 nm) & {E 38 & 8%
(a): WRERIEHIRIE s (b) . W FBEROLRE R 1L 1k
Fig. 3 The influence of laser energy on spectral peak intensity (Fe [ 404.58 nm and Fe | 438.35 nm)

under the conditions of non-flat and flat sample surface

The variation of (a) the spectral intensity and (b) the reduction factor with laser energy
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Stark broadening profile of Fe | 438. 35 nm under the conditions of (a) non-flat and (b) flat sample surface; (¢) The variation of electron densi-

ty with laser energy under the conditions of non-flat and flat sample surface; (d) The variation of the plasma temperature with laser energy under

the conditions of non-flat and flat sample surface
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Table 1 Spectroscopic parameters of Fe( [ ) lines in limonite sample
Wavelength Statistical weight of Transition probability Energy of the upper
A/nm upper level of the transitions g, A /(X107 s 1) level E,/cm !
358.12 13 10. 2 34 843. 96
371.99 11 1.6 26 874.55
373. 48 11 9.0 33 695. 40
388.63 0.5 26 140. 18
404. 58 9 8.6 36 686. 18
438. 35 11 5.0 34 782.42
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Abstract Laser-induced breakdown spectroscopy (LIBS), a fast and real-time tool for elemental analysis, has attracted great
attention due to its broad applications in trace detection, geological environment monitoring, and other fields. The sample
surface is one of the key environmental factors that affect the generation and characteristics of plasma. In this work, a 1 064 nm-
laser beam with a pulse width of 8 ns is used to produce plasma in ambient air and comparatively investigate the emission spectra
of a series of natural rock samples under non-flat and flat samples surfaces. Based on the laser-supported detonation wave model,
the influence of non-flat sample surface on spectral characteristics of laser-induced plasmais discussed. For time-integrated
spectra, the results show that the spectral intensities of the atomic lines of the non-flat sample are reduced by nearly 70%
compared to those of the flat sample. This indicates that the negative effect of the non-flat sample surface on the LIBS cannot be
ignored. According to the signal intensity of the spectral lines, Fe | 404.58 nm and Fe | 438.35 nm from limonite sample
under different laser energies, the variation of their peak intensities and reduction factor with the change of laser energy were
studied under the conditions of flat and non-flat sample surfaces. It is found that the spectral intensity under the condition of the
non-flat sample surface is lower than that under the condition of the flat sample surface. It is worth noting that the reduction
factor of spectral intensity first decreases gradually with laser energy, reaches the minimum value at 33 mJ, and then increases
with the further increase of laser energy. Further observations show that laser-plasma with lower electron density is generated on
the non-flat sample surface, and the ratio of the electron density of the non-flat sample to that of the flat sample reaches its
minimum at the laser energy of 33 mJ, which is consistent with the changing trend of reduction factor with laser energy. This
mainly arises because a thinner energy absorption region in laser-plasma is formed due to the large laser incident angle on the non-
flat sample surface, thereby increasing the laser energy threshold corresponding to the plasma shielding. Moreover, it is found

that the sample surface and the laser energy have little effect on the plasma temperature.

Keywords Laser-induced breakdown spectroscopy ( LIBS); Non-flat sample; Atomic lines; Plasma temperature;

Electron density
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