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Abstract. The photodissociation coefficient, .INQ2 of NO, in the atmosphere was calculated at 235
and 298 K using the measured temperature dependences of the absorption cross-sections and quantum
yields. These calculations gave a ratio JN02(298 K) /JN02(235 K)=1.155 £ 0.010 which is only
weakly dependent on altitude, surface albedo and solar zenith angle.
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1. Introduction
The photodissociation of NO, by solar radiation:
NO, + v >NO+0 (R1)

is an important process in atmospheric chemistry. In the stratosphere it is intimately
involved in the ozone catalytic cycles and in the partitioning of the ‘odd nitrogen’ species.
In the troposphere it is the major process that produces ‘odd oxygen’ which leads to the
formation of photochemical oxidants.

The photodissociation coefficient, /g, , at a given altitude and solar zenith angle is
generally calculated in atmospheric models from the expression:

Io, = SoC)SMIF(R) A M

where o()) and ¢()) are the NO, absorption cross-sections and photodissociation quan-
tum yields, respectively, and F(A) is the solar actinic flux which has both direct and
diffuse components. Most calculations tacitly assume that Jyo, is temperature invariant,
although both a()\) and ¢(7) are reported to be temperature dependent (e.g., JPL, 1982).
Since large temperature gradients exist in the atmosphere, the neglect of this temperature
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dependence of Jno, in models will affect conclusions based on comparisons of atmo-
spheric measurements with model calculations. For example, the measured ratio of
[NO]/[NO,] which is largely dominated by Ino, (Ridley and Schiff, 1981; Ridley and
Hastie, 1981) is often used as a test for models.

The objective of this paper is to examine the effect of including reported temperature
dependences of o(}) and ¢(A) on calculations of /o, . A computer algorithm is first used
to solve Equation (1) for 235 and 298 K on the assumption that the earth has no atmo-
sphere or surface albedo. This provides values which we will call ‘extraterrestrial’ INo,-
Atmospheric and surface effects are then considered to determine the ratio of JIno, at
these two temperatures as a function of altitude, albedo and solar zenith angle.

2. Method and Results

Extraterrestrial, differential Jyo, values are calculated from the integrand of Equation
(1). The extraterrestrial solar flux was taken from the detailed tabulations of Thekaekara
(1974) for the wavelength range 300—420 nm and from Ackerman (1971) for shorter
wavelengths. The NO, absorption cross-sections and quantum yields used in the calcula-
tions were the literature values shown in Table I. In the wavelength region where no low
temperature quantum yield data are available, the high temperature values were used.
Calculations were performed at 1 nm intervals using extraterrestrial solar flux data from
200 to 400 nm. Spectral data were interpolated or averaged according to whether they
were or were not available with resolution better than 1 nm. Use of wavelength intervals
greater than about 5 nm in the calculations was found to introduce significant over-
estimates of /o, . Forexample, a 10 nm rather than a 1 nm interval resulted in a 5% larger
value of /o, (Madronich, 1982).

Table 1. NO, absorption cross-sections and quantum yields

Reference Wavelength range
(nm)

o (298 K) Bass et al. (1976)3 185-410.25
Davenport (1978) 411-420

¢ (235 K) Bass et al. (1976)2 290-410.25
Davenport (1978)€ 411-420

¢ (298 K) =1 200-297
Jones and Bayes (1973)2 297-3175.5
Harker et al. (1977)2 375-420
Davenport (1978) 390.1-420.8

¢ (235 K)® Davenport (1978)d 389.8—-419.7

3 Source of JPL (1982) recommendations.

b For wavelengths outside ranges shown, high temperature data were used.
¢ Interpolated to 235 K from measurements at 226 K and 247 K.

d Interpolated to 235 K from measurements at 223 K and 300 K.




The wavelength dependence of the extraterrestrial, differential JIno, values, at 298 and
235K and the differences between them are shown in Figure 1. The extraterrestrial values
of Jno,, computed from the areas under the curves in Figure 1 are 7.46 x 107 and
8.55 x 1073 57! at-235 and 298 K respectively, corresponding to a 14.6% increase with
temperature over this 63 K range. ;

An increase of about 4% can be attributed to the temperature dependence of the
quantum yield while the remaining 11% is due to the temperature dependence of the
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Fig. 1. Wavelength dependence of the differential photodissociation coefficient of NQ,. Curve A at
298 K; curve B at 235 K; curve C is the smoothed difference between curves A and B.




absorption cross-section over this temperature range. About one third of the increase
(5%) occurs at wavelengths longer than 398 nm, the thermodynamic dissociation thresh-
old. Below 398 nm, only the absorption cross-section shows significant temperature
dependence and accounts of the greater part (10%) of the calculated temperature depen-
dence of .INO2 .

These results are in contrast with the laboratory measurements of Dickerson et al.
(1982) who report NO, photodissociation rate coefficients from 227 to 401 K based on
experiments with a flow tube actinometer illuminated with a Xe lamp. These authors
report a 5.5 £ 0.6% increase in the NO, photodissociation coefficient between 235 and
298 K and claim good agreement with their calculations of the temperature dependence
of Jno,. However, they based their calculations on the measurements by Davenport
(1978) of the temperature dependence of the absorption coefficients and quantum yields
over the wavelength region 390—420 nm. Figure 1 shows that only about one third of the
temperature dependence of Jno, is accounted for in this wavelength region, while two-
thirds occurs at shorter wavelengths. The discrepency between the two calculations is,
therefore, largely attributable to our inclusion of the data of Bass ez al. (1976) which was
neglected by Dickerson et al. (1982). Our calculations agree with the JNo, measurements
only if the low temperature cross-sections of Bass et al. (1976) are rejected.

The 298 and 235 K data of Bass ef al. (1976) are the current recommendations of
NASA (1979) and JPL (1982) for NO, absorption coefficients for use in photochemicat
calculations and are in good agreement, both in absolute values and in temperature
dependence, with the measurements of Davenport (1978) over the 389.9 to 410 nm
wavelength range in which the measurements overlap. At shorter wavelengths, only the
temperature dependence measurements reported by Bass e al. (1976) are available. The
10% scatter in their data does not affect the precision of our JNo, calculations since our
integration smooths over a large number of data points. Interference from the NO, dimer,
N,O4, was considered in detail by Bass e al. (1976) who argue that the temperature
dependence of the NO, absorption cross-section is observed both at wavelengths where
the absorption of N,0, is large and where it is small. There therefore appears to be no
clear reason for rejecting the low temperature absorption cross-section measurements.

The quantum yield values of Harker et al. (1977) are included in the recent recom-
mendations by NASA (1979) and JPL (1982) despite a suggestion by Demerjian et al.
(1980) that they may include systematic errors ranging from 10 to 15%. These values are
also in excellent agreement with the measurements of Davenport (1978), Quantum yields
less than unity for wavelengths less than the thermodynamic threshold of 398 nm current-
ly lack theoretical justification (CODATA 1982), but have been observed in all recent
studies on NO, (Jones and Bayes, 1973; Harker et al. 1977; Davenport, 1978). However,
uncertainties in the quantum yield at these short wavelengths will not have a large effect
on the temperature dependence of /no, .

To evaluate the temperature dependence of /ng, in the real atmosphere absorption
and scattering effects were considered. The attenuation of the solar actinic flux by NO,,
O, and O; above the altitude of interest was evaluated using absorption coefficients at
298 K recommended in CIAP (1974) and JPL (1982). Since this attenuation is refatively




weak, the temperature §ependences of these absorption coefficients were neglected.
Rayleigh scattering cross-sections were calculated according to the method of Elterman
(1968). Scattering by clouds or aerosols was not included.

Multiple scattering was calculated using the method of successive orders of scattering
described by Isaksen e al. (1977) with 50 atmospheric layers, each 1 km thick. OQur
calculations differ with respect to the direction of propogation of scattered light which
Isaksen et al. (1977) take to be always parallel to the incoming solar beam. Luther (1980)
has described a method of using more realistic, isotropic scattering in models without
sacrificing computational simplicity. In our algorithm either model, as well as intermediate
cases can be selected by using an adjustable parameter which simulates the degree of
anisotropy introduced by the Rayleigh phase function, by oblique crossing of atmospheric
layers and by surface albedo. A detailed comparison of the two models will be presented
elsewhere, For the calculations reported here, only the purely isotropic model (Luther,
1980) and a Lambertian albedo are used.

Since it is our intention to make comparisons of these calculations with summertime,
Jno, measurements (Madronich ef al)) made at Gimli, Manitoba (50.62° N), altitude
profiles of the concentration of atmospheric constituents used in the scattering calcula-
tion were taken for mid summer, 50° N conditions. The air density profile was obtained
by interpolation of the 45° N and 60° N July standard atmosphere (USS. Standard Atmos.
Suppl. 1966) and the O, profiles by multiplying these numbers by 0.2095. The O; profiles
were obtained from summertime ozone sonde data at Gimli up to 40 km. Above this
altitude the O; mixing ratio was assumed to be constant at 6 ppmv. The NO, profile
between 10 and 40 km was taken from Evans et al. (1978) for Yorkton, Saskatchewan
(51.3° N). Below 10 km and above 40 km, the theoretical values of Chang (1979) were
used.

Since Rayleigh optical depths vary smoothly with wavelength and molecular absorp-
tion is relatively unimportant, a coarser 20 nm integration interval was used. These
calculations were made with the incoming solar flux taken as unity and gave, for each
wavelength interval, a scale factor by which the differential extraterrestrial /no, value
(Figure 1) had to be multiplied to account for the terrestrial effects and the solar zenith
angle. The terrestrial /ng, values were then obtained by integrating over the wavelength
range. The percentage increases of INo, at 298 K relative to 235 K are shown in Figure 2
as a function of altitude for different values of solar zenith angle and albedo. The 298 K
values remain between 14.6 and 16.5% greater than the 235 K values and only marginally
greater, on average, than the 14.6% change in the extraterrestrial value of /o, . The small
shift in the wavelength distribution of actinic flux as a result of molecular scattering
appears to have only a minor effect. Although inclusion of clouds and aerosols will affect
the absolute values of /yo_ they should not seriously alter the ratios shown in Figure 2
in the light of the weak temperature dependence found for multiple Rayleigh scattering.

Most modellers assume that Ino, is independent of temperature. Our calculations
show that a 63 K change in temperature can result in a 15% change in Jno, which, in
turn, can have an appreciable affect on model calculations of atmospheric concentrations
and processes. For example, measurements of the [NO]/[NO,] ratio in the stratosphere
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Fig. 2. The ratio of the photodissociation coefficients of NO, at 298 and 235 K as a function
of altitude for several solar zenith angles, x, and surface albedos: — — .00; ---~0.25; —
1.00.

are currently being made to this accuracy as a test of current models. Since the ratio is
largely dominated by Jno,, its temperature dependence should be considered when
comparing models with measurements. The values calculated here are based on a rather

limited data base for reported temperature dependences of o(A) and ¢(2). Additional
measurements of these quantities would be valuable.
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