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Effect of Spectral Characteristics of Cr and Cu in Soil on Laser
Induced Breakdown Spectroscopy

Duan Wenzhao Xu Songning Ning Ribo Li Qian Jiang Ran
College of Science, Shenyang Ligong University, Shenyang, Liaoning 110159, China

Abstract Laser is focused on soil samples doped with Cr and Cu elements. Signal-to—background ratio (SBR) of
Cr (I) 425.435 nm, 427.481 nm and Cu (I) 324.754 nm, 327.396 nm is analyzed. The calibration curve is drawn using
the intensity ratio of each line to the Fe reference line intensity, and the limit of detection is calculated. The effect
of atomic configuration, angular momentum and transition probability on calibration curve and limit of detection is
studied. It is indicated that the high SBR spectral line gets lower limit of detection, and is more sensitive to element
detection. The spectral line SBR is independent on transition probability. The variation in SBR with element content
exhibits similar characteristics for the lines with the same atomic configuration. The excitation of lines with large
angular momentum is better with higher regression coefficient of calibration curves. The limit of detection of Cr (I)
425.435 nm (4-3) and Cu (I) 324.754 nm (3/2-1/2) decreases by 11% and 42% compared to the lines Cr (I) 427.481 nm
(3-3) and Cu (I) 327.396 nm (1/2-1/2) respectively. The lines with large angular momentum are more sensitive and
more suitable for element detection.
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Fig.1 LIBS experimental setup
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Table 1 Content of doped Cr and Cu in soil samples

Content /(mg/kg) Sample
onten m
gke 1 2 3 4 5 6 7 8
Cr 40 80 160 300 600 1200 3000 5000
Element
Cu 40 80 200 400 600 1000 2000 5000

3 AR5
XF H il 5P B 24 A Cr. Cu Jt K 1% 115 £k Cr(1) 425.435 nm, Cr(I) 427.481 nm, Cu(l) 324.754 nm,
Cu(l) 327.396 nm L) 2 + 3 f (%) J5 4f 70 2% Fe FRAIE 3% 2k 356.538,357.001,360.886,361.877,363.146 nm 14 3%
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Fig.2 Characteristic spectral lines of elements in No.5 soil sample. (a) Cr; (b) Cu; (c) Fe
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Table 2 Transition energy level of selected Cr, Cu and Fe spectral lines

. . o Lower level Upper level
Wavelength /nm Transition probability /s Cont Torm 7 Cont Torm 3
Cr (I) 425.435 nm 3.15x10" 3d°(°S)4s a'sS 3 3d°(°S)4p z'P’ 4
Cr (I) 427.481 nm 3.07x10" 3d°(°S)4s a'S 3 3d°(°S)4p z'P’ 3
Cu (I) 324.754 nm 1.395x10° 3d"4s ’S 1/2 3d"4p P’ 3/2
Cu (I) 327.396 nm 1.376x10° 3d"4s °S 1/2 3d"4p ‘P’ 1/2
Fe (I) 356.538 nm 4.29x10" 3d'(‘F)4s a’F 3 3d'(‘F)4p 2’G’ 4
Fe (I) 357.001 nm 6.03x10° 3d°4s’ a’p* 1 3d'(‘P)4p y’S’ 1
Fe (I) 360.886 nm 8.13x10" 3d'(‘F)4s a’F 1 3d'(‘F)4p z°G’ 2
Fe (I) 361.877 nm 7.22x107 3d'(‘F)4s a’F 2 3d'(‘F)4p z’G’ 3
Fe (I) 363.146 nm 5.17x10" 3d'(‘F)4s 2’F 3 3d'(‘F)4p 2°G’ 4
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Fig.5 Calibration curves of doped Cr and Cu with Fe lines. (a) Cr (I) 425.435 nm; (b) Cr (I) 427.481 nm,;
(¢) Cu (1) 324.754 nm; (d) Cu (I) 327.396 nm
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TR E A LG R AT R0 6 T BR AT I 4 A A [ A 9 2k £ 3 R Y Cr(D) 425.435 nm(4-3), Cu(D)
324.754 nm(3/2-1/2)3% £ 45 B (46 H BRAH HE T Cr(1) 427.481 nm(3-3), Cu(I) 327.396 nm(1/2-1/2)i% £k 15 #|
B G Y BR J0 S FAAR 1 119611 429% , % T 2% B9 46 T B Ay 400K
%3 Crfl CuJt Z 19 HIUHA7 1 22 (RSD)
Table 3 Relative standard deviation (RSD) of Cr and Cu in samples

Spectral lines Cr (1) 425.435 nm Cr (I) 427.481 nm Cu (I) 324.754 nm Cu (1) 327.396 nm

1 2.997 3.337 0.865 2.207

2 3.700 3.055 2.535 1.920

3 2.824 1.367 2.003 2.252

4 3.093 3.111 3.111 3.467

RSD o /% 5 1.937 3.035 1.233 2.371
6 2.000 2.262 2.362 3.467

7 1.805 2.687 2.124 2.118

8 1.579 2.629 1.370 5.566

Average 2.492 2.726 1.979 2.921
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