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1. INTRODUCTION
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Figure 1: Electronic, vibrational, and rotational spectra as a result of molecular potentials between two electronic levels.

Figure 2: Potential curves of CN.

2. EXPERIMENTAL DETAILS



Cyanide Laser-Plasma Spectroscopy in a Flowing Gaseous Mixture

International Review of Atomic and Molecular Physics, 11 (1), January-June 2020 9

Figure 3: Picture of the gas chamber and flowmeter

-

Figure 4: Modular schematic of laser-induced breakdown experiment
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3. RESULTS AND DISCUSSION

3.1 Spatially resolved spectra

 

Figure 5: Optical breakdown CN spectra in a 1:1 molar CO2:N2 flowing gas mixture for time delays of ( ) 200 ns, ( ) 450 ns, ( )
700 ns, and ( ) 950 ns. Spectrometer-detector gatewidth: 125 ns. *, 2nd order CI.
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Figure 6: Optical breakdown CN spectra in a 1:1 molar CO2:N2 flowing gas mixture for time delays of ( ) 1200 ns, ( ) 1450 ns,
( ) 1700 ns, and ( ) 1950 ns. Spectrometer-detector gatewidth: 125 ns. *, second-order atomic carbon line.

Figure 7: Optical breakdown CN spectra in a 1:1 molar CO2:N2 flowing gas mixture for time delays of ( ) 2200 ns, ( ) 2450 ns,
( ) 2700 ns, and ( ) 2950 ns. Spectrometer-detector gatewidth: 125 ns. *, second-order atomic carbon line.
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Figure 8: Optical breakdown CN spectra in a 1:1 molar CO2:N2 flowing gas mixture for time delays of ( ) 200 ns, ( ) 450 ns, ( ) 700 ns,
and ( ) 950 ns, recorded with 309 nm cut-on wavelength filter for suppression of 193.09 nm second order atomic carbon line

Figure 9: Optical breakdown CN spectra in a 1:1 molar CO2:N2 flowing gas mixture for time delays ( ) 1200 ns, ( ) 1450 ns, ( ) 1700
ns, and ( ) 1950 ns, recorded with 309 nm cut-on wavelength filter for suppression of 193.09 nm second order atomic carbon line.
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Figure 10: Optical breakdown CN spectra in a 1:1 molar CO2:N2 flowing gas mixture for time delays ( ) 2200 ns, ( ) 2450 ns, ( )
2700 ns, and ( ) 2950 ns, recorded with 309 nm cut-on wavelength filter for suppression of 193.09 nm second order atomic

carbon line.

3.2 Cyanide Temperature
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Figure 11: Temperature vs. slit height for filtered line-of-sight CN spectra for a flowing 1:1 molar CO2:N2 gaseous mixture
with 450 ns (left) and 700 ns (right) time delay [7].

Figure 13: Temperature vs. slit height for filtered line-of-sight CN spectra for a flowing 1:1 molar CO2:N2 gaseous mixture
with 1450 ns (left) and 1700 ns (right) time delay.

Figure 12: Temperature vs. slit height for filtered line-of-sight CN spectra for a flowing 1:1 molar CO2:N2 gaseous mixture
with 950 ns (left) and 1200 ns (right) time delay [7]
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Figure 14: Temperature vs. slit height for filtered line-of-sight CN spectra for a flowing 1:1 molar CO2:N2 gaseous mixture
with 1950 ns (left) and 2200 ns (right) time delay.

3.3 Stark widths and Stark shifts

Figure 15: Inferred widths (top) and calculated electron densities (bottom) of CI 193.09 nm atomic carbon line in second order
vs. slit height for the 1:1 molar CO2:N2 flowing gaseous mixture with 450 ns time delay.

Figure 16: Inferred widths (top) and calculated electron densities (bottom) of CI 193.09 nm atomic carbon line in second order
vs. slit height for the 1:1 molar CO2:N2 flowing gaseous mixture with 700 ns time delay [7].
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Figure 17: Inferred widths (top) and calculated electron densities (bottom) of CI 193.09 nm atomic carbon line in second order
vs. slit height for the 1:1 molar CO2:N2 flowing gaseous mixture with 950 ns time delay [7].

Figure 18: Inferred widths (top) and calculated electron densities (bottom) of CI 193.09 nm atomic carbon line in second order
vs. slit height for the 1:1 molar CO2:N2 flowing gaseous mixture with 1200 ns time delay.

Figure 19: Inferred widths (top) and calculated electron densities (bottom) of CI 193.09 nm atomic carbon line in second order
vs. slit height for the 1:1 molar CO2:N2 flowing gaseous mixture with 1450 ns time delay.



Cyanide Laser-Plasma Spectroscopy in a Flowing Gaseous Mixture

International Review of Atomic and Molecular Physics, 11 (1), January-June 2020 17

Figure 20: Inferred widths (top) and calculated electron densities (bottom) of CI 193.09 nm atomic carbon line in second order vs.
slit height for the 1:1 molar CO2:N2 flowing gaseous mixture with 1700 ns time delay.

Figure 21: Inferred widths (top) and calculated electron densities (bottom) of CI 193.09 nm atomic carbon line in second order
vs. slit height for the 1:1 molar CO2:N2 flowing gaseous mixture with 1950 ns time delay.

Figure 22: Inferred widths (top) and calculated electron densities (bottom) of CI 193.09 nm atomic carbon line in second order
vs. slit height for the 1:1 molar CO2:N2 flowing gaseous mixture with 2200 ns time delay.
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Table 1: Computed shockwave radii vs. plasma radius for the 1:1 molar CO2:N2 flowing gaseous mixture, 170 mJ

3.4 Abel inverted CN Spectra
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Figure 23: Abel inverted CN spectra 1:1 molar CO2:N2 flowing gaseous mixture with 200 ns (top), 450 ns (center), and 700 ns
(bottom) time delay.



Christopher M. Helstern, Christian G. Parigger

20 International Review of Atomic and Molecular Physics, 11 (1), January-June 2020

Figure 24: Abel inverted CN spectra 1:1 molar CO2:N2 flowing gaseous mixture with 950 ns (top), 1200 ns (center), and 1450 ns
(bottom) time delay.
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Figure 25: Abel inverted CN spectra 1:1 molar CO2:N2 flowing gaseous mixture with 1700 ns (top), 1950 ns (center), and 2200 ns
(bottom) time delay.
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Figure 26: Abel inverted CN spectra 1:1 molar CO2:N2 flowing gaseous mixture with 2450 ns (top), 2700 ns (center), and 2950 ns
(bottom) time delay.
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Figure 27: Abel inverted CN spectra 1:1 molar CO2:N2 flowing gaseous mixture with 3200 ns (top), 3450 ns (center), and 3700 ns
(bottom) time delay.
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Figure 28: Abel inverted CN spectra 1:1 molar CO2:N2 flowing gaseous mixture with 3950 ns (top), 4200 ns (center), and 4450 ns
(bottom) time delay.
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Figure 29: Abel inverted CN spectra 1:1 molar CO2:N2 flowing gaseous mixture with 4700 ns (top), 4950 ns (center), and 5200 ns
(bottom) time delay.

3. CONCLUSIONS
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indicate spatial variation across the plasma, however, for the near symmetric plasma expansion, Abel inversion
allows one to make further inferences about the expansion dynamics, including the spatio-temporal dynamics of the
plasma kernel, or the epicenter of the laser plasma. These detailed studies are important prior to applications of
diagnosis of CN with laser-induced plasma in medical and forensic applications.
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