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Experiment: Experiment: The time dependent behavior of molecular nitrogen ions, following pulsed photoionization of near atmospheric pressure N2, has 
been investigated using multi-photon laser techniques and kinetic modeling.  Measured time dependent fluorescence spectra, during and after pulsed 
laser resonance-enhanced multi-photon ionization of N2, together with a coupled rate equation model, allowed for the determination of the absolute 
densities of N2+ and N4+ as these species evolved.
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Prompt Fluorescence: N2
+(B) State Density

Pressure Dependent 
Dies Quickly After Laser Pulse

Proposed: Rapid N2(a or b) Quenching During Laser Pulse, 
N2(a or b) + N2 → N2(a’) + N2 Causes [N2(a’)] > [N2(a or b)]
3-Photon Photoionization from N2(a’) State Creates N2+(B) 

N2(a’) + 3hν→ N2+(B) + e-

Delayed Fluorescence: N2(C) State Density
Rises Well After Laser Pulse 
Decays Slowly

Proposed:
N4+ Forms “Slowly” by

N2+(X) + N2(X) + N2 → N4
+ + N2

N4+ Recombines “Slowly” With Electron by
N4

+ + e- → N2(X) + N2(C) 

Conducted Spectral and Temporal Analysis on Fluorescence Induced During REMPI of 
Near Atmospheric N2 Gas

New Proposed Mechanism Explains Prompt and Delayed Fluorescence Several Published 
Rates for N2 Radical Reactions Verified Under Atmospheric Pressure Conditions

Electron-Ion Recombination, N4
+ + e-, Produces N2(C) with a Branching Ratio of 0.02%

Better Determination of Reaction Rates of N2 Radicals At Near Atmospheric Pressure 
Should be Possible

The Role of N4
+ in Applications of High Pressure Energized Nitrogen Can Be Examined
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“Prompt Fluorescence”
N2 1st Negative System

“Delayed Fluorescence”
N2 2nd Positive System

Distinct Temporal   
Behavior of 
Fluorescence 
Spectrum

N2 1st Negative 
System Observed 
During Laser       
Pulse (Prompt 
Fluorescence)

N2 2nd Positive 
System Observed 
After Laser Pulse 
(Delayed 
Fluorescence)

Indicates Radical 
Species Formation 
by Kinetic 
Mechanisms
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100 Torr  Data  Model

Quenching Reaction N2(a) + N2 → N2(a’) + N2 and 
Photoionization Step N2(a’) +3hν → N2

+(B) + e-

Are Critical Model Elements for Fitting the 
Roughly Linear Pressure Dependence of the 
Prompt Fluorescence Signal

A Quench Rate Value for
N2(a) + N2 → N2(a’) + N2  of 
4x10-12 cm3s-1 (1/4 of 
value determined at lower 
pressure) Provides the 
Best Fit to the Data

NN22
++(B(B--X)X) Prompt Fluorescence vs. Time Prompt Fluorescence vs. Time 

Modeled at Multiple PressuresModeled at Multiple Pressures

Temporal Rise of Signal is Determined by the Build-
up of N4

+ by N2
+ + N2(X) + N2 → N4

+ + N2 While 
Signal Decay is Determined by the Decay of N4

+ by  
N4

+ + e- → N2(C) + N2

The Model’s Best Fit to the Rise and 
Decay of the Data Generates Absolute 
Density Values for [N2

+] and [N4
+] as 

well as Other Radicals
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NN22(C(C--B)B) Delayed Fluorescence vs. Time Delayed Fluorescence vs. Time 
Modeled at Multiple PressuresModeled at Multiple Pressures
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Delayed Fluorescence is Greatly Reduced by Even a Slight Addition of O2. The Primary Reduction 
Mechanism is the Charge Exchange Reaction N4

+ + O2 → O2
+ + 2N2

The Model Demonstrates Good Agreement With Experimental Data on Fluorescence in N2/O2
Mixtures at 750 Torr

Effects of Slight OEffects of Slight O22 AdditionAddition
On Prompt and Delayed FluorescenceOn Prompt and Delayed Fluorescence
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Example of Temporal 
Evolution of All Radical 
Species Accounted for in 
Kinetic Model with Best Fit to 
Data at 750 Torr N2

Note that N4
+ is the Primary 

Ion Species

The Prediction that [N4
+] >> 

[N2
+] is Consistent With Other 

Theoretical Work on High 
Pressure N2 Discharges

Note Also that N2(a’)>>N2(a) 
at Times After the Laser PulseLASER PULSE WIDTH
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Kinetic Model Output:Kinetic Model Output:
Absolute Densities of Several Nitrogen SpeciesAbsolute Densities of Several Nitrogen Species

Example Temporal Evolution of Example Temporal Evolution of 
Fluorescence SpectrumFluorescence Spectrum

Thank you AFRL Plasma Physics Research Team 
and Dr. Doug Petkie for your help!

AFRL/PRPE


