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Background

1985 Kawaguchi et al. IR spectroscopy 

Assigned 1492 cm-1 band to be the n3 fundamental

2007 Stanton ab initio calculation

Asserted 1492 cm-1 band should be n3+n4, and

n3 should be ~ 1000 cm-1

2008 Jacox and Thompson Matrix isolation spectroscopy

Observed several isotopomers

2011 Kawaguchi et al. IR spectroscopy 

Observed and assigned n3 + n4 - n4 hot band, and 

confirmed the n3+n4 assignment

2013 Fukushima and Ishiwata Dispersed fluorescence spectroscopy

Observed jet cooled spectra of 14NO3 and 15NO3 , and 

found a new band in the n1 fundamental region, ~ 1050 cm-1, and  

the n1 isotope shift indicates it is assigned to be an a1’ band ( 3 n4 )

2016 Fukushima and Ishiwata 2C-R4WM spectroscopy

Rotationally resolved spectra at the n1 fundamental and 

traditional n3 fundamental regions
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ExperimentExperiment
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15NO3

14NO3

Dispersed fluorescence spectra 

resolution  :  fwhm 7 cm-1

peak accuracy : ±2 cm-1

Weaver et al, 

JCP 94, 1740 

(1991).

Photo-electron spectrum

of NO3
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|  𝐾; 𝛬; 𝑣4, 𝑙 ≠  𝛬  𝑣4, 𝑙

where 𝐾 = 𝛬 + 𝑙
L : projection of electronic orbital angular momentum

l : projection of vibrational angular momentum

(Vibronic coupling)
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l is not a good quantum number, but K is

( at degenerated vibrational mode ). 
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O O

O

At the  𝑋 2
𝐴2

′ ,  𝐴 2
𝐸′′ , and  𝐵 2

𝐸′

states, unpaired electron is localized on 

O’s, and has no contribution to any 

chemical bonds.  It is easily expected 

that the degenerate vibration can induce 

motion of the electron.

(Vibronic coupling)
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N

O O

O

D3h

Eisfeld and Morokuma, 

J. Chem. Phys. 114, 

9430 (2001).
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Conclusions

To understand the n4 progressions with regular intensity distribution,

we proposed our interpretation, i.e.

even in the  𝑋 2
𝐴2

′ state, 

vibronic coupling is induced 

at the non-degenerate vibrational mode

(can be called as degenerate vibrationally induced vibronic coupling).



We have the other important observations:

(1) large splitting of the 3n4 (a1’) and (a2’) levels

(observed by LIF),

(2) large spin splitting at the 3n4 (a1’) level

(observed by 2C-R4M).
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