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Calculation of Photolysis Rates
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Generic reaction:  A + hν B + C

JA – first order photolysis rate of A (s-1)

σA() – wavelength dependent cross section of A (cm2/molec.)

A() – wavelength dependent quantum yield for photolysis

F() – spectral actinic flux density (photons /cm2/s)
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Actinic Flux @ surface & 20 km
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Blacklight Spectra
• Similar but not identical, likely Caltech spectrometer has 

lower resolution, lamps might also be different
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Photolysis spectra: CU Chamber vs Sun

NO3

UV = 58 s
Vis = 7.7 s
Sun = 4.6 s 

Absorption cross sections     (, T)
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Slide Courtesy of Sasha Madronich, NCAR



4

Physical interpretation of 
•  , absorption cross section (cm2 / 

molecule)
– Effective area of the molecule that photon 

needs to traverse in order to be absorbed. 

– The larger the absorption cross section, the 
easier it is to photoexcite the molecule.

– E.g., pernitric acid HNO4

Collisions
  10-15 cm2/molec

Light absorption
  10-18 cm2/molec From S. Nidkorodov

Group Problem
The graphs below show the 
approximate solar flux at the 
Earth surface, absorption 
cross section of NO2 molecule, 
and photodissociation
quantum yield of NO2. What is 
the photodissociation lifetime 
of NO2 (NO2)?

A. 16 s
B. 6 s-1

C. 6000 s
D. 116 s-1

E. I don’t know
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Corollary: What are the smallest cross sections that matter in the atmosphere?
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Spectral Region For
Tropospheric Photochemistry
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O3->O2+O1D

NO2->NO+O

H2O2->2OH

HONO->HO+NO

CH2O->H+HCO

surface, overhead sun
Slide Courtesy of Sasha Madronich, NCAR

TUV Model from NCAR 
(as run for previous slides)

http://cprm.acom.ucar.edu/Models/TUV/Interactive_TUV/
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At large SZA very 
little UV-B radiation 

reaches the 
troposphere

• Aside form the altitude, the path length through the 
atmosphere critically depends on the time of day and 
geographical location.

• Path length can be calculated using the flat 
atmosphere approximation for zenith angles under 
80º. Beyond that, Earth curvature and atmospheric 
refraction start to matter.

Solar Zenith Angle
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Effect of Uniform Clouds on Actinic Flux

0
2
4
6
8

10

0.E+00 4.E+14 8.E+14

A
lt

it
u

d
e

, 
k

m

Actinic flux, quanta cm-2 s-1

340 nm, sza = 0 deg., 
cloud between 4 and 6 km

od = 100

od = 10

od = 0

In liquid spheres, multiply by ~ 1.6
Slide Courtesy of Sasha Madronich, NCAR
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Database of Absorption Spectra
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http://satellite.mpic.de/spectral_atlas 

Limitations of Available Information

Spectra in 
database:

Quantum 
yields in 
database:

Much less data for quantum yields, 
much harder to measure than 
absorption spectra. (Why?)
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J-Grp Photolysis Calculator

15
http://tinyurl.com/photcalc-help

From Wayne

Pathways for Loss of e- Excitation

• Photophysical
processes
– Lead to 

emission of 
radiation

– Energy 
converted to 
heat

• Photochemical 
processes
– Dissociation, 

ionization, 
reaction, 
isomerization
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Quantum Yields II
From F-P&P

Structure of Important N-Species

• From Jacobson (1999) Table B
– http://cires.colorado.edu/jimenez/AtmChem/Jacobson_Table_B

.pdf
– Many other species there, useful when you don’t know detailed 
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