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Spectral Characteristics Analysis of Laser-induced Nitrogen in Organic Materials
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Abstract: To choose the organic material benzamide containing benzene ring and the C-N structure as a
model sample, the samples with different nitrogen content were prepared for the ILaser-Induced
Breakdown Spectroscopy ( LIBS) experiment. The experiments were performed under different
atmospheres (air and argon) to study the influence of atmosphere on the excitation characteristics of
nitrogen in organic materials with different laser energy, then the correlation between nitrogen spectral
information and N concentration was established. The results show that, under the air condition, the
spectral lines of atomic N of the samples are difficult to be detected, which indicates that the spectral
lines of atomic N detected in the atmospheric environmentis mainly from the emision of atomic N
contained in air (79% N, in air). Under the condition of air or argon atmosphere, the molecular CN
emission can be both detected and there exists a correlation relationship between the CN emission and N
concentration, which is related to the atmosphere and laser energy. Under the conditon of argon, the
good correlation relationship exeists both under low and high laser energy due to the formation of CN is
from the sample. Under the condition of air, environment there is a good correlation relationship under a
lower energy but less under a high energy (R’ higher than 0. 9), which indicates that, in air
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environment, the CN is mainly from the sample under the low energy while the high laser energy causes

the formation of CN strongly influenced by nitrogen in the air.

Key words: Spectroscopy; Laser-induced breakdown spectroscopy; CN molecular; Non-metallic element;

Nitrogen
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Fig. 1 Schematic diagram of experimental system
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Table 1 Experimental samples
Al A2 A3 A4 A5 A6 A7

C;H;ON/g 0 1 2 3 4 5 6

KBr/g 6 5 4 3 2 1 0
Al O, /g 0.5 0.5 0.5 0.5 0.5 0.5 0.5
N/wt. % 0 1.8 3.6 5.4 7.1 8.9 10.7

2 XWHERKNSH

2.1 NumEHEXELLH
NIUCHEENREBEWES IR ITEZ —, Lk
B, KR BB G B AT R /N A L H R B 2k Dk K A3 i ok
744.229 nm Fl 746. 831 nm . K K JF T & GG (E B AT
MIE F S i ki 5 K % ¥ B NIST ( National

Institute for Standards and Technology)''"” rh # 15 , I,
F2BRTIEFRIEISEL LS, B FAES N TR LK
Pk BARE R AR 3 Y.

2 NREEFAHAELESH

Table 2 Parameters of atomic Nitrogen emission lines

Nitrogen atomic Au/
E:/eV E./eV
emission A/mm (X10%s™H) /e e/e
NI 744. 229 0.124 10.330 09 11,995 58
NI 746. 831 0.193 10.3359  11.995 58

®3 CNAYFREHERER

Table 3 Parameters of molecular band emission lines

Molecular Vibrational Wavelength Excitation Electronic

species band /nm energy/eV transition
0-0 388. 34 .
CN Violet (0-0) 3 9 B> >
SYSIEm (10 421. 52 X2

XFH# 2 R 3 AL, CON 7 T & e g h
3.2eViE/NF N LR FREL M) 11. 996 eV, M §h
& C-N G5B} . CN 4> i 5% 5 T8 K.

F 2 Ca) . (b)) 43 51 o8 R & % FBE e /9 25 11 B
(ADFEAR TSR S MRS & F N T & Bk
TN Ay Tl e U B ORI R B N T A L PR
AT W B N RT3 4R 78 2 M <&M
T BB B CNAy 73 . 16 B BT B B Y R Ak B

6000
2 f N-746 ]
= 4000 F N-744 130mJ-Ar
é g
£ 80mJ-Ar
=
g 2000
130mJ-Ar
. .‘_/.\‘___l/-‘\m.__—
743 745 747 749
Wavelength/nm
(a) Nitrogen atom spectrum(743~750 nm)
3000 |
2] - 130mJ-Ar CN(1-0)
E]
8 2000
=y
g CN(0-0)
/OmJ-Ai\
— —
e T
385 388 414 420
Wavelength/nm

(b) CN molecular spectrum(384~389 nm and 412~422 nm)

H2 =amiEsiiekk
Fig. 2 Spectrum of Nitrogen atom and CN molecular

spectrum from blank sample
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(a) Nitrogen atom spectrum(743~750 nm)
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(b) CN molecular spectrum(384~389 nm and 412~422 nm)

B3 N &AM KW & BT AW B

Fig. 3 Spectral emission spectrum of Nitrogen
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Fig. 4 Correlation between CN molecular emission with N

concentrations in air (laser energy is 100 m])
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Fig. 5 Correlation between CN molecular emission with N
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1.0
S os}
5 -
=
L= 0.6 F
L
S L
g o4l
= [
L
5] 02 F
U =

O ' L A ' 'l
60 80 100 120 140 160
Laser energy/mJ
(a) Air condition

1.0
—~ [ CN-421
S osf
] CN-388
o B
Q
L= 0.6 |
o
S L
g 04f
= I
L
15 02 F
U =

O 'l A Il 2 Il 1

60 80 100 120 140 160
Laser energy/mJ
(b) Ar condition
B 6 CN &34 Bt &0 EN
Fig. 6 Correlation coefficient (R*) of CN emissions

changed with laser energy

N S R L FEARBE R AR R e RO A
0.9, 7F = BB B 45 10 F o AH DG M &R Bde 25 fE U4
TOAESNHORE R AT MR KRS, BES
e 45 (100~160 m]), R* 43 F 1. %t L B Fh <
SAE AR BE I 2R F R AH G R BRI #E 28 SO B v
W % O RE A BN, CN 43 F 563 Y TE B2 38 55 P
N, ) 5 i 39 0 B0l 7 &5 R i 4 1F . CN 4r POk 5
BE S N JC R S 1 2 ) 04 A OGPk AR 2% 7E AR BB i Ak
PEF .25 ON 2 F 638 B B 5 R 5 A B 1 S Bk
PEEE R, UL FE MR RE B A5 0F R I B0 CN 2+ % 3%
FEORIE TR AR B IR R R L, CON B k4
B R TR AR SRR L CON 4 7O 5 A
d N JT 3 BT A A .

3 #Hit

A SCULE B0 A ALY 28 I Bl R 5 Ol SR X 42
BLEARFE N RS T ARARERACRR R
SO KM N TR BOLE T gO0IE R . LRk
W ARIHFIET GBI R N JTE MR F ik
LM ARSI N JCE 5 7 185 2o B R 55 . Ui W]
B NFESLTE 2 SR I B N R ik R ok
U8 23 A0 R FIF 5638 20 07 5 0 JE I8 2 7 & Roh il 2
TER I EE T, B RE AR I 2 B9 1) CN 43+ 63 (8 T
HiG A, R KB CN - T s B 5 N oo R & it
Z B SRR A 5 ISR A R SOt R A
K TEA AT L 7EMOG BE & AR AT, W9 2 1 A G Mk
BAF(RP & T 0.9, WA MOGRE R M IS K M T
R T AE RS MR T A G 8 s UL B AE SO s
BARE =S N, X CNOJE B 52 m 228 T 15 fig i
FAF R B AR R B AR PRI 7E A RURUAUT BRI F)
) CN 34 0% SR dh i N o & &8 B ¢
.

S % Lk

[1] CREMERS D A, YUEH F Y. SINGH ] P, et al. Laser-
induced breakdown spectroscopy. elemental analysis [ M ].
John Wiley &. Sons, Ltd, 2006.

(2] Bl BT WO 1S H AR SR e i LML v F R = R
K RRAL, 2006 105-107.

[3] EBINGER M H, NORFLEET M L, BRESHEARS D D, et
al. Extending the applicability of laser-induced breakdown
spectroscopy for total soil carbon measurement [ J]. Soil
Science Society of America Journal, 2003, 67 (5): 1616~
1619.

[4] SALLE B, LACOUR J L., VORS E, et al. Laser-induced
breakdown spectroscopy for Mars surface analysis: capabilities
at stand-off distances and detection of chlorine and sulfur
elements [ ] ]. Spectrochimica Acta Part B: Atomic
Spectroscopy s 2004, 59(9) . 1413-1422.

[5] YAO Shun-chun, LU Ji-dong, LU Zhi-min, et al. Influence of
sample morphology on laser ablation properties of coal [ ]].
Acta Optica Sinica, 2009, 29(4); 1126-1130.

BRI R ARAR , AR R, S5 R SO A8 X MR A 30T e 1k R

1030003-5



D/ R I
P HT L], 6, 2009, 29(4) : 1126-1130. [15] HARRIS R D, CREMERS D A, EBINGER M H, et al.

[6] LU Yun-—zhang, WANG Jia-sheng , LI Wei-lin, et al. Determination of nitrogen in sand using laser-induced

Quantitative analysis of Si and Mg in ore samples using laser- breakdown spectroscopy [ J]. Applied Spectroscopy, 2004,
induced breakdown spectroscopy [ J]. Chinese Journal of 58(7). 770-775.
Lasers, 2009, 36(8) . 2109-2114. [16] MARTIN M Z, WULLSCHLEGER S D, GARTEN C T, et
bz ¥ R R TE R S BOETE S ORI R 2 i) al. Laser-induced breakdown spectroscopy for the
M A EEM P St A Mg ], A B #0%. 2009, 36(8): 2109- environmental determination of total carbon and nitrogen in
2114, soils[J]. Applied Optics. 2003, 42(12); 2072-2077.

[7] CTVRTNICKOVA T, MATEO M P, YANEZ A, et al. [17] NIST atomic spectra database lines form[ N/OL]. http: //
Application of LIBS and TMA for the determination of www. nist. gov/ PhysRefData/ASD/lines_form. html .
combustion predictive indices of coals and coal blends[]]. [18] ABDELLIM S, KERDJA T, BENDIB A, etal. CN emission
Applied Surface Science, 2011,257(12) . 5447-5451. spectroscopy study of carbon plasma in nitrogen environment

[8] ARAGON C, AGUILERA J A, Campos J. Determination of [J]. Spectrochimica Acta Part B: Atomic Spectroscopy .
carbon content in molten steel using laser-induced breakdown 2005, 60(7): 955-959.
spectroscopy [J]. Applied Spectroscopy . 1993,47(5): 606- [19] ZHANG Yang, QIAN Jing, LI Peng-fei, et al. Upconversion
608. luminescence of MnZ" doped-germanate glass induced by

[9] LUCENA P, DONA A, TOBARIA L M, e al. New femtosecond laser pulses [ J ]. Chinese Journal of
challenges and insights in the detection and spectral Luminescence, 2015, 36(7) .738-743.
identification of organic explosives by laser induced breakdown a3 R ER L ZEME KL SR KRB EOBIE S A Mni T 1B 24 5 IR Eh BiE
spectroscopy [ ] ].  Spectrochimica Acta Part B: Atomic B AR ET ], K6 ,2015,36(7) 1 738-743.
Spectroscopy, 2011, 66(1):12 - 20. [20] AGUILERA ] A, ARAGON C. A comparison of the

[10] ANZANO J, LASHERAS R J, BONILLA B, et al. temperatures and electron densities of laser-produced plasmas
Classification of polymers by determining of C1.C,:CN: H: obtained in air, argon, and helium at atmospheric pressure
N: O ratios by laser-induced plasma spectroscopy (LIPS)[]]. [J]. Applied Physics A, 1999, 69(1) ;S475-S478.

Polymer Testing , 2008, 27(6) . 705-710. [21] AGUILERA J A, ARAGON C. Temperature and electron

[11] BAUDELET M, GUYON L, YU J, etal. Spectral signature density distributions of laser-induced plasmas generated with
of native CN bonds for bacterium detection and identification an iron sample at different ambient gas pressures [ J 1.
using femtosecond laser-induced breakdown spectroscopy[ J]. Applied Surface Science, 2002, 197(9) . 273-280.

Applied Physics Letters, 2006, 88(6): 063901. [22] BABUSHOK V I, DELUCIA F C, DAGDIGIAN P J, et al.

[12] BAUDELET M, BOUERI M, ]J. YU J, et al. Time-resolved Experimental and kinetic modeling study of the laser-induced
ultraviolet laser-induced breakdown spectroscopy for organic breakdown spectroscopy plume from metallic lead in argon
material analysis[ J]. Spectrochimica Acta Part B: Atomic [J1. Spectrochimica Acta Part B: Atomic Spectroscopy .
Spectroscopy » 2007, 62(12): 1329 - 1334 2005, 60(7); 926-934.

[13] DE L F C, GOTTFRIED J L. Characterization of a series of [23] LI Ning, DUAN Ping-ping, SUN Xu-wei, et al. Photo
Nitrogen - rich molecules using laser induced breakdown luminescent properties of Si" doped SnNb,Os powders [ ] ].
spectroscopy [ J ]. Propellants, Explosives, Pyrotechnics, Chinese Journal of Luminescence , 2015, 36(11).:1278-1281.
2010, 35(3): 268-277. ZT L BO TR MO L S5 S B 2% Y SaNb Os By 1A 1 0 3%

[14] LU Wei-ye, LU Ji-dong, YAO Shun-chun, et al. FrvECT]. ROo623R ,2015,36(11) :1278-1281.

Synchronization detection of nitrogen phosphorus potassium [24] DONG M, CHAN G C Y, MAO X, etal. Elucidation of C,

in compound fertilizer with laser induced breakdown
spectroscopyl J]. Chinese Journal of Lasers, 2011, 38(10) ;
1008003.

P BEAEAR BRI 5. RO E S A T R T &

LIBS [f] 25 & [T]. * E#0% . 2011.38(10) : 1008003,

and CN formation mechanisms in laser-induced plasmas
through correlation analysis of carbon isotopic ratio [ ] ].
Spectrochimica Acta Part B: Atomic Spectroscopy, 2014,

100(1) : 62-69.

Foundation item: The National Natural Science Foundation of China (Nos. 51476061, 51406059) , the Fundamental Research Funds for the

Central Universities (No. 2015ZMO002)

1030003- 6



