
Empirical Pseudo-Line-List for Isoprene (C5H8)

Strongest and sharpest absorption features
lie between 850-1000 cm-1. The peaks at 894, 
906, and 992 cm-1 correspond to the v28, v27, 
and v26 absorption bands, look like the best 
candidates for isoprene measurements.

Isoprene has three conformers. 
The s-trans, shown left and right 
(a), accounts for 98% of isoprene 
at room T.
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Isoprene Laboratory Spectra from PNNL
The PNNL (Brauer et al., 2014) cross-sections were down-loaded from the HITRAN website and converted into 
representative transmittance spectra.  

PNNL spectra cover 600-6000 cm-1

at 0.06 cm-1 resolution



Isoprene Lab Spectra from JPL (Keeyoon Sung)
Three isoprene spectra measured by the JPL Lab Bruker 
IFS125 in 2017, all at 297K. 
• Cover 550 to 1550 cm-1 - up to 0.006 cm-1 resolution
• 3 pressures: 3 Torr (pure); 112 Torr, & 740 Torr
• 15 cm long cell. 
• Max OPD = 42, 75, or 150 cm, depending on P
• C5H8 spectra ratioed by empty cell spectrum
• Lab notes can be seen on left
• This work never published



Partition Functions
Isoprene (C5H8) has N=13 atoms and therefore 3N-6 = 33
vibrational modes.  These 33 are listed in the table on the right, 
taken from Brauer et al. (2014). None are degenerate.

In generating the EPLL, isoprene was assumed to be a harmonic 
oscillator and so all 33 of the fundamental wavenumbers were 
used in computing the vibrational partition function, along with a 
rotational partition function ratio of 

QR(T0)/QR(T) = (T0/T)β

with the exponent, β =2.0, being approximated due to the 
torsional bands (diatomic β = 1.0; poly-atomic β = 1.5).

The low-wavenumber torsional modes will be poorly represented 
by this harmonic oscillator approximation, but I don’t know how 
to evaluate a better approximation. In any case, since the same 
error will be made in fitting the lab spectra (to derive the EPLL) as 
in fitting the atmospheric spectra (to retrieve isoprene amounts).  
So any shortcoming of the adopted partition functions will be 
accommodated by the E”s of the EPLL and thereby cancel to first 
order, at least for temperatures between 278 and 323K.



Fu et al. used the PNNL cross-sections directly, despite 
their covering only one pressure (1 atm) and 278 to 323K.
But this is probably okay for the warm Amazonia PBL.



Fitted Windows

Center Width MIT A I F Parameters to fit Gases fitted
876.50 153.00 10 1 1 0 ncbf=0 xs xo xf : c5h8 h2o
994.00 82.00 10 1 1 0 ncbf=0 xs xo xf : c5h8 h2o
1075.00 80.00 10 1 1 0 ncbf=0 xs xo xf : c5h8 h2o
1160.00 90.00 10 1 1 0 ncbf=0 xs xo xf : c5h8 h2o
1272.00 134.00 10 1 1 0 ncbf=0 xs xo xf : c5h8 h2o
1419.50 161.00 10 1 1 0 ncbf=0 xs xo xf : c5h8 h2o
1527.50 55.00 10 1 1 0 ncbf=0 xs xo xf : c5h8 h2o
1626.00 142.00 10 1 1 0 ncbf=0 xs xo xf : c5h8 h2o
1783.50 173.00 10 1 1 0 ncbf=0 xs xo xf : c5h8 h2o

2950.00 500.00 10 1 1 0 ncbf=0 xs xo xf : c5h8 h2o

Ten windows were defined with boundaries at local minima in the C5H8 absorption.
The linelist covers 800-1870 cm-1 and 2700-3200 cm-1 with a gap from 1870 to 2700 cm-1



Examples of Spectral Fits

JPL                  P=3.1 Torr     T=297K

JPL                  P=740 Torr     T=297K

PNNL              P= 760 Torr     T=278K

PNNL            P= 760 Torr     T=323K

Although the low-Pressure, 
JPL spectrum (upper-left) 
look noisy, much of the 
structure in the residuals is 
actually spectral lines not 
fully captured by the EPLL 
because it is not needed to 
fit the high-P spectra.

Inset below shows portion 
of the JPL low-P spectrum.



Retrieved C5H8 VMR Scale Factors (VSFs)

Runs 1-3 are the JPL spectra, which only cover the first 6 windows. Runs 4-6 are PNNL and cover all 10 windows.

The window centered at 1160 cm-1 has very weak absorption and hence erroneous VSF values.

The lower pressure spectra (JPL) tend to produce C5H8 amounts that are ~10% lower than those at 1 atm.



Derived Pseudo-Line Intensities and E”  (1/3)

Left: Upper panel shows intensities color-coded by E” (blue=low; 
red=high). Lower panel shows E” color-coded by Intensity.

Below: Zoom into the sharp Q-branches at  894, 906, and 992 cm-1.



Derived Pseudo-Line Intensities and E”  (2/3)



Derived Pseudo-Line Intensities and E”  (3/3)

Color-coded by wavenumber
Blue = 800 cm-1, Green = 1800 cm-1; Red=3200 cm-1



Comparison of wavenumber-integrated Intensities

Brauer et al., (2014)

Good consistency between Brauer et al. (2014) values and the 
296K EPLL (obtained by summing the pseudo-line intensities). 

For the  regions above 1550 cm-1, the JPL has no contribution 
whatsoever to the EPLL, so the excellent agreement is to be 
expected there.  But at the lower wavenumbers, the level of 
agreement is surprising, given the ~10% discrepancy in the low-
pressure JPL measurements.

Perhaps the JPL data were mostly ignored due to their larger 
fitting residuals?

Strange that Brauer at al. include the extremely weak 720-820 
cm-1 region (100 times weaker than 2800-3200 cm-1) in their 
table, but not the 1680-1870 cm-1 region which is 10x stronger.  

EPLL
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1870 - 1680



Summary & Conclusions

A HITRAN-format empirical pseudo-line-list (EPLL) has been generated for isoprene from two sets of lab spectra:
• PNNL (Brauer et al. 2014) cover 600-6000 cm-1 at temperatures of 278K, 298K, and 323 K, but all at 760 Torr
• JPL (Keeyoon Sung) cover 550-1550 cm-1 at pressures of 4, 112, and 740 Torr, but all at 297K

The low-pressure JPL data expose higher resolution structure, e.g. in the strong Q-branches at 896, 904 and 992 cm-1, 
which may be important for analyzing lower-pressure open-path atmospheric spectra. 

The temperature-variation of the PNNL data allow the derivation of ground-state energies, which average 1000 cm-1

because isoprene has several low-lying vibrational modes which become strongly populated at 296K, driving up the E”.

The results between these two datasets seem consistent to within 5% at 297K and 1 atm.

The resulting PLL covers:
• 800 to 1870 cm-1 with 0.1 cm-1 margins at a line spacing of 0.0025 cm-1 (428,081 lines)
• 2700 to 3200 cm-1 with 0.1 cm-1 margins at a line spacing of 0.0050 cm-1 (100,041 lines)

The isoprene amounts retrieved from the lab spectra are generally consistent to within 10% of the expected amounts.

If significant quantities of atmospheric isoprene exist at temperatures below 278K, additional lab spectra are needed.

The isoprene EPLL is available from: https://mark4sun.jpl.nasa.gov/pseudo.html

https://mark4sun.jpl.nasa.gov/pseudo.html

