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Outline

• Results on modeling NH3 2ν2 and ν4 line positions to 
experimental accuracy

• Results on NH3 experimental line intensities in FIR and their 
comparisons to models and HITRAN

• What we have learned from the current work 

More details in Pearson et al 2016, JCP (in press) and 
Sung et al 2016, JMS (in press)



‘a’ v=1
‘s’ v=0

‘a’ v=3

‘s’ v=4

GS

ν2

‘a’ l=-1 v=9
‘s’ l=-1 v=7

‘a’ l=1 v=8
‘s’ l=1 v=6

2ν2 ν4

‘s’ v=2

‘a’ v=5

Lines included in our Hamiltonian modeling of 2ν2 and ν4 

932 cm-1

1597 cm-1

285
cm-1

36
cm-1

0.8
cm-1

1626 cm-1

1.1
cm-1

• From the current work
- 159 THz transitions
- 2731 FTIR transitions

• From literature
- 153 microwave transitions
- 4097 infrared transitions



Summary of sources for our new data on line positions

* The two FTS spectra from Synchrotron SOLEIL were recorded in 2010 and used 
in our data analysis of the ground state and ν2 state of NH3 (Yu et al. 2010)



Fit statistics for datasets involving 2ν2 and ν4 of NH3 
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NH3 FIR intensity:  motivations and data acquisition

 Experimental conditions
Gas samples Normal sample

Spectral region 50 – 660 cm-1

Resolution(B) 0.003 cm-1

Pressures 2.0, 6.0  mbar
Path lengths 10, 80 m

Temperatures 295 K

 Primary objectives
• Measuring weak lines with intensity of 

~10-22 cm/molecule (100 times weaker than 
GS lines), esp. ΔK=3 forbidden transitions

• Validation of calculations
Yu et al. 2010; Pearson et al.2016; HITRAN

2.52 m base White cell

 Data acquisition



NH3 line positions and intensities

 Spectrum fitting
 Voigt profile assumed
 sinc function with FOV correction
 Non-linear curve fitting
 One spectrum at a time
 Line position, intensity, self-

pressure broadening, simultaneously 
retrieved

 Averaging the measurements
• Grouping within 0.5*resolution
• Positions, intensities, widths were 

averaged 
• Compiled into one set of list
• ~ 4820 lines were retrieved

Frequency calibration
• 18 isolated water features 
• HITRAN as standards
• freq. accuracy ≥ 0.0002 cm-1 

 Residuals = Observed - Calculated



Spectroscopic sample characterization

 Filtering out contaminated species
• H2O – 343 lines (HITRAN)
• 15NH3 – 455 lines (15NH3 spectrum from SOLEIL)

 Abundances
• H2O (0.2%)
• 15NH3 (0.33%)
• NH2D (0.037%)
• Total impurity = 0.57%

• NH2D – 530 lines (CDMS;  http://www.cdms.de)
• 14NH3 – most of the remaining lines



Results and Comparison: gs(a-s)
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 Line positions
• Allowed transitions(A)
Excellent agreement with both
• Forbidden transitions(F)
 Deviation at high J from H12 

 Line intensities
(A): high J lines
(F): intermediate J lines

(A): Measured low
(F): Yu et al. shows 

large offsets, 
up to by a factor of 300.

gs(a-s) band



Results and Comparison: v2(a-s)

v2 (a-s) band
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 Line positions
• Allowed transitions(A)
Good agreement with both
but diverging at high J lines
• Forbidden transitions(F)
sparse but excellent agreement

 Line intensities
(A): Agree better with Yu et al.
(F): Agree  better with HITRAN



Results and Comparison: v4 (a-s)

v4 (a-s) band  Line positions
• Allowed transitions(A)
Excellent agreement with both.

A few outliers at high J
• Forbidden transitions(F)
 Excellent agreement

 Line intensities
(A): Good agreement in general,
but, progressively diverging 
toward high J lines

(F): outliers from predictions
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Results and Comparison: v2 – gs

v2 - gs band  Only high J lines
from P-branch captured

 Line positions
• Allowed transitions(A)
Very good 

except a few outliers.

 Line intensities
(A): Agree better than HITRAN
Also compared with 
HM86 
(Hermanussen et al. 1986)
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Results and Comparison: v4 – v2

v4 – 2v2 band
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 Line positions
• Allowed transitions(A)
• Forbidden transitions(F)
Excellent agreement

 Line intensities
(A): Much better agreement 
with HITRAN, esp. low J lines
Also compared with 
HM86: 
(Hermanussen et al. 1986)
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 Line positions
• Allowed transitions(A)
• Forbidden transitions(F)
Excellent agreement

 Line intensities
(A): Measured low 
with large spread on K
(F): Sparsely measured 
for high J lines and 
randomly scattered



Compiled line parameters

# Bands #Meas.(A; F) J range K range RMS(v)cm-1) RMS(%dS)
1 gs (a-s) 152;   140 16 ≤ J ≤ 24 0 ≤ J ≤ 22 0.00014 8.1
2 v2  (a-s) 156;     29 11 ≤ J ≤ 19 0 ≤ J ≤ 18 0.00010 7.2
3 2v2(a-s) 164;     12 2 ≤ J ≤ 18 1 ≤ J ≤ 18 0.00019 6.0
4 v4 (a-s) 365;     30 2 ≤ J ≤ 17 2 ≤ J ≤ 17 0.00013 7.4
5 v2 – gs 94;       4 14 ≤ J ≤ 19 0 ≤ J ≤ 18 0.00016 6.1
7 2v2 – v2 109;       8 6 ≤ J ≤ 19 0 ≤ J ≤ 18 0.00013 6.7
9 v4 – v2 259;     38 1 ≤ J ≤ 17 1 ≤ J ≤ 15 0.00021 8.0
8 v4 – 2v2 445;     42 1 ≤ J ≤ 17 1 ≤ J ≤ 17 0.00013 6.4

Total

Meas. 2835 3×10-25 ≤ S ≤ 1×10-22 cm/molecule
0 – 2 %     849 
2 – 5 % 568
5 – 10 %     293

Assigned 2047
Allowed(A) 1744

Forbidden(F) 303
Unassigned 788 14NH3, NH2D (?)



What we have learned from the current work (I)

The Hamiltonian (1/2)

2



What we have learned from the current work (II)

The Hamiltonian (2/2)



What we have learned from the current work (III)

Contact transformation (1/2)



What we have learned from the current work (IV)

Contact transformation (2/2)



What we have learned from the current work (V)

Ground state and ν2



What we have learned from the current work (VI)

Other states
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