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Propionaldehyde was photolyzed in air at 23 f 1 “C at pressures up to 
1 atm at several incident wavelengths: 334,326, 313, 302, 280 and 264 nm. 
The two primary processes are 

CzH&HO + hv --+ CBHS + HCO 2 HOz + CO (1) 

C2H6CH0 + hv -+ CzHg + CO (2) 

The products measured were CO and &He, the former being a measure of 
the sum of both processes and the latter being a measure of molecular pro- 
cess (2). At all wavelengths a( CO) = 1 .O in the low pressure limit. 

Primary process (2) is significant only with incident radiation at 254 
and 280 nm. Its low pressure quantum yield is 0.39 at both wavelengths. At 
254 nm there is no pressure quenching of CzHs, but at 280 nm most, but 
not all, of the CaHs can be pressure quenched with a half-quenching pressure 
of 47 Torr of air. We suggest that primary process (2) comes from upper 
vibrational levels of the ground and excited singlet states. 

Primary process (1) is pressure quenched at all wavelengths. The pres- 
sure quenching follows Stem-Volmer quenching at 326,302,280 and 254 
nm. However, at 334 and 313 nm, the Stem-Volmer quenching curves show 
a marked deviation from linearity, and two states with different decomposi- 
tion rates are indicated. We interpret primary process (1) as coming from 
upper vibrational levels of the triplet state but with the less reactive vibra- 
tional states being more readily quenched than the more reactive vibrational 
states to the ground vibrational level of the triplet. The half-quenching pres- 
sures increase from about 24 Torr at 334 nm to 280 Torr at 254 hm for the 
fast quench and from 325 Torr at 334 nm to 610 Torr at 280 nm for the 
slow quench. The more reactive states appear only at 334,313 and 280 nm 
and always give a low pressure quantum yield of 0.60. 

At atmospheric pressure the average quantum yield for all six incident 
wavelengths for primary process (1) is 0.20 f 0.08. This leads to atmospheric 
photodissociation coefficients of about 1.3 X lo-’ s and about 9.7 X 10m6 
6-l for solar zenith angles of 30” and 58.18’ respectively. 

@ Elsevier Sequoia/Printed in Switzerland 



216 

1. Introduction 

It is well known that the photolysis of the low molecular weight 
aliphatic aldehydes is an important source of free-radical production in 
polluted urban atmospheres [ 11. However, there is a general lack of data on 
the primary process quantum yields as a function of wavelength and pres- 
sure, particularly for aldehydes other than formaldehyde. This information is 
essential for the purposes of tropospheric modeling. 

There are two primary processes of importance in the photolysis of 
aldehydes, a radical process and a molecular process [ 21: 

RCHO+hv + R+HCO (1) 
RCHO+hv + RH+CO (2) 

A considerable amount of work has been done in the area of formaldehyde 
photolysis [ 31. The result generally agreed upon is that the quantum yield 
+I for process (1) increases from 0.0 at 338 nm to a maximum of about 0.7 
at 305 nm, and then begins to fall off again in going to shorter wavelengths. 
The sum of & + e2 appears to be unity in the wavelength range between 
280 and 330 nm. 

Gill and Atkinson [4] have studied the wavelength dependence for 
HCO radical production from acetaldehyde photolysis at 10 Torr total pres- 
sure. They have found that the relative HCO quantum yields increase sharply 
from a threshold at 320 nm to a maximum at about 310 nm (where & is 
presumably unity) and then slowly fall off in going to shorter wavelengths. 
The quantum yield for process (2) has been found to be unimportant at 
wavelengths above about 300 nm but increases as the wavelength decreases 
to a value of 0.64 at 254 nm [2]. The work of Gill and Atkinson also 
indicates that the excited state lifetimes have a marked wavelength depen- 
dence, and this, taken with the #I dependence, demonstrates a complicated 
and dramatic wavelength dependence of the various primary processes. 

Few quantitative studies of propionaldehyde photolysis have been 
done. Blacet and Pitts [ 51 have studied the photolysis of propionaldehyde in 
the wavelength region 238 - 334 nm. In general they found that process (1) 
decreased and process (2) increased in importance as the wavelength was 
decreased. The sum of their measured primary process quantum yields did 
not equal unity, however, presumably because of excited state quenching by 
added Iz. Hansen and Lee [6 ] have found that the fluorescence quantum 
yield is unimportant over most of this wavelength range. Recent work done 
in our laboratory [ 71 at 313 nm indicates that & is unity at low pressures 
but that the excited state precursor to radical formation is pressure 
quenched, an effect also found in acetaldehyde photolysis by Weaver et al. 
[81. 

It is the purpose of this work to determine the quantum yields for pro- 
cesses (1) and (2) as a function of pressure in air over the wavelength range 
254 - 334 nm. Since all experiments were done in the presence of air, the 
formy radicals produced in process (1) react to produce CO [9,10 J : 
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HCO+02 +CO+H& (31 

Therefore measurements of the CO quantum yields provide a direct measure 
of the total quantum yields for processes (1) and (2). Primary process (2) is 
the only source of CzHs in our system, and therefore the CzHs quantum 
yield is a direct measure of this process. 

2. Experimental details 

The photolysis of propionaldehyde vapor was performed in a 1100 cm3 
cylindrical Pyrex cell fitted with quartz windows 9 cm in diameter. All 
experiments were carried out with 10-l+ 0.1 Torr of propionaldehyde and 
at a temperature of 23 f 1 “C. Gases were admitted to the reaction cell 
through a conventional grease-free vacuum line. The total pressure in the cell 
was brought to the desired value by adding various amounts of dry air. 

The CO and CzHs produced were determined by expansion to a gas 
chromatograph sample loop after irradiation. CO was then separated on 
stainless steel columns 5 ft long with an outside diameter of 0.25 in packed 
with either molecular sieve 13X or 5A, depending on the quantity of air 
present. CzHB was separated on a stainless steel column of the same dimen- 
sions packed with Porapak QS. All columns were operated at room temper- 
ature with a helium flow rate of 35 cm3 min-l. 

Propionaldehyde, obtained from Aldrich, was purified by trap-to-trap 
distillation from -63 to -161 “C. The air, oxygen, nitrogen, CO and C2Hs 
used were Matheson zero gas, extra dry, prepurified, chemically pure and 
chemically pure grades respectively. 

Experiments were performed at 254,280,302,313,326 and 334 nm. 
For experiments performed at 326 nm, a cadmium vapor resonance lamp 
powered by a Philips spectral lamp supply was used in conjunction with a 
Corning O-54 cut-off filter. This filter removed the cadmium 228 nm 
resonance line allowing only the 326 nm line to pass. For experiments per- 
formed at 254 nm a Hanovia low pressure mercury lamp was used. The 
185 nm resonance line was removed by absorption in air before striking the 
cell. In all other experiments a Hanovia medium pressure mercury lamp and 
lamp stabilizer were used. The 313 and 334 nm mercury lines were isolated 
with Corion SM-3130-2 and SM-3340-2 interference filters respectively. The 
bandwidth (full width at half-maximum) of these filters is approximately 
8 nm. In experiments performed at 280 and 302 nm the mercury lamp out- 
put was focused on the entrance slit of a Jarrell Ash 0.25 m Ebert mono- 
chromator. Both entrance and exit slits were 2 mm wide. The bandpass of the 
monochromator was 7.5 nm under these conditions. From the measured 
lamp intensities at 297 and 302 nm it was determined that, with the mono- 
chromator set at 302 nm, 14% of the light passing through the exit slit was 
from the 297 nm line. For experiments at. 280 nm, 3% and 7.6% of the light 
passed by the monochromator was at 289 nm and 275 nm respectively. 
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In experiments performed at 326 and 334 nm, azomethane was used as 
an actinometer. The Nz produced from the photolysis of azomethane was 
measured by gas chromatography on molecular sieve 13X. The azomethane 
was prepared using a modified procedure reported by Renaud and Leitch 
[ll] . It was purified by trap-to-trap distillation from -89 to -161 “C. For 
the experiments performed at 254 nm phosgene was used as the actinometer. 
The CO produced from the photolysis of phosgene was separated on the 
molecular sieve 13X column. Air Products chemically pure grade phosgene 
was used after distillation from -90 to -127 “C. The pressure of 
azomethane or phosgene used in the actinometry experiments was deter- 
mined by matching absorbances with the pressure of propionaldehyde used 
in each experiment. Actinometry was performed before and after each 
experiment. 

Since the quantum yield for CO production at 254,334,326 and 313 
nm [7] in the low pressure limit was found to be unity, c‘actinometry” at 
280 and 302 nm was performed by photolyzing about 3 Torr of propional- 
dehyde in the presence of about 2 Torr of oxygen and assuming that the CO 
quantum yield was unity under these conditions. 

Mass spectra of all purified relrgents were obtained and compared with 
the EPA-NIH mass spectral data base. In all cases no extraneous peaks were 
present. 

3. Results 

In the presence of oxygen, or in this case air, both primary processes 
lead to the production of CO and process (2) also leads to C2Hs. At low con- 
version these are the only sources of CO and CzHs [7]. Thus @(CzH,) is a 
measure of primary process (2), and @(CO) - O(C,H,) is a measure of 
primary process (1). 

The CO and &He quantum yields at each wavelength studied are re- 
ported in Table 1. The pressure of propionaldehyde in each experiment is 
10.1 f 0.1 Torr. The CO quantum yield @(CO) decreases with increasing 
pressure of air from a value of approximately 1.0 at low pressures. Signif- 
icant amounts of CzHs were produced only at 254 and 280 nm. At 254 nm 
the CzHs quantum yield 9(CzHs) is independent of pressure, and @(CzH,) = 
0.39 f 0.02. At 280 nm, @(C2Hs) = 0.33 in the limit of zero pressure and 
decreases with increasing pressure of air to a limiting value of about 0.050 
above atmospheric pressure. The quenchable fraction, i.e. @(C,H,) - 0.050, 
exhibits Stern-Volmer kinetics, as shown in Fig. 1. 

The free-radical process *{rad) = rP(C0) - ch(CzH,) decreases as the 
pressure increases. This is shown graphically at each wavelength in Figs. 2 - 7 
where a’( rad)-l is plotted against the equivalent total air pressure [M] s 
[Nz] + [O,] + 1.5[C2H&HO] 171. Except at the two lower wavelengths, 
C&H6 is not produced, so that +(rad) is taken as *(CO). The Stern-Volmer 
plots of @(iad)-’ uersus [M] are linear at four wavelengths but show marked 
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TABLE 1 

Effectofair preesureonthe photolysisofC&&HOa 

Air pressure Irradiation time 

(To=) (h) 

I* x 10-11 
(photons cmL3sd1) 

ww @(c2H6) 

h = 334 nm 
7.04 

16.3 
25.6 
44.7 
90.0 

140 
190 
340 

A=326nm 
5.50 

27.0 
44.1 
65.0 
100 
175 
290 

h=313nm 

7.30 
38.1 
85.0 

135 
280 
425 
570 
713 

h=302nm 
7.31 

36.3 
65.2 

130 
239 
419 
704 

h=280nm 
7.30 

38.6 
85.0 

135 
279 
427 
570 
712 

1.0 1.08 0.75 - 

2.0 0.84 0.63 - 

3.0 0.87 0.53 - 

4.5 1.02 0.51 - 

7.5 0.90 0.46 - 

11.58 0.87 0.41 - 

16.0 0.93 0.38 - 

19.0 0.87 0.29 <9x10-3 

1.5 0.430 0.77 - 

3.3 0.398 0.56 - 

5.0 0.411 0.52 - 

10.3 0.405 0.45 - 

12.0 0.407 0.31 - 

22.1 0.424 0.23 - 

36.0 0.433 0.159 <0.015 

0.25 a.14 0.83 - 

0.50 8.25 0.66 - 

1.00 6.11 0.66 - 

1.16 6.24 0.52 - 

1.50 6.62 0.42 - 

2.08 5.79 0.33 - 

2.00 6.97 0.30 - 

2.50 7.67 0.26 - 

1.0 

i.: 
3:o 
3.5 
5.0 
6.0 

2.6 
4.0 

ii.: 
13:o 
12.0 
10.0 
15.3 

1.87 0.79 0.029 
1.74 0.66 0.027 
1.59 0.57 - 

1.62 0.60 - 

1.63 0.45 - 

1.78 0.33 - 

1.68 0.23 - 

0.716 0.79 0.233 
0.714 - 0.172 
0.439 0.73 0.167 
0.539 0.56 0.128 
0.426 0.48 0.093 
0.672 0.51 0.084 
0.701 0.41 0.076 
0.602 0.37 0.070 

(con tinued) 
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TABLE 1 (continued) 

Air pressure Imzdia tion time 

(To=) W 

I* x 10-11 @(CO) Qi(C2I-b) 
(photons crnm3 B-I) 

A = 264 nm 
6.77 0.33 6.22 0.93 0.438 

21.8 0.42 6.01 0.83 0.386 
35.6 0.50 6.01 0.76 0.408 
80.2 0.92 6.01 0.71 0.877 

190 1.76 6.01 0.64 0.380 
390 2.00 6.95 0.57 0.380 
627 2.33 6.12 0.63 0.390 

*The pressure of C2H&!HO is 10.1 f 0.1 Torr. 

I I I I I 1 I 1 I 

0 200 
I 

400 600 600 
CMI. Torr 

Fig. 1. Plot of {@(CzH,) - 0.06r1 us. total pressure at 280 nm. 

3.5 - 

OS- 
X =334nm 

I I I I I I I I 

0 loo 200 300 400 
CMI. Torr 

Fig. 2. Plot of the reciprocal CO quantum yield us. total pressure at 334 nm. 
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Fig. 3. Plot of the reciprocal CO quantum yield us. total pressure at 326 nm. 

X = 313nm 

I I I 1 I I I I I 
0 200 400 600 

CMI, Torr 

Fig. 4. Plot of the reciprocal CO quantum yield us. total pressure at 313 nm. 

curvature at 334 and 313 nm. The same deviation from linearity at 313 nm 
was seen in another study performed with a different apparatus [ 71. Thus 
there is a remarkable wavelength dependence on the quantum yield quench- 
ing characteristics. 

4. Discussion 

Both primary photochemical processes show complex behavior. All the 
evidence suggests that the radical-producing process takes place through the 
triplet state in agreement with phosphorescence data on acetaldehyde [ 121 
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Fig. 5. Plot of the reciprocal CO quantum yield vs. total pressure at 302 nm. 
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Fig, 6. Plot of the reciprocal quantum yield for the radical-producing step at 280 run. 

Fig. 7. Plot of the reciprocal quantum yield for the radical-producing step at 254 nm. 

and propionaldehyde [ 131 and with intersystem crossing yields determined 
for butyraldehyde [ 14 3. The work of Parmenter and Noyes [ 121 indicates 
that the acetaldehyde triplet state formation yield is unity at longer wave- 
lengths. F’rom their observations of HCO formation times, Gill and Atkinson 
[4] ruled out the acetaldehyde ‘A state as the precursor to process (1). 
Although it is believed that some dissociation comes from upper vibrational 
levels o$ the singlet state at shorter wavelengths [3,4] and that both the 
singlet and triplet states exist [S] , it is unclear what fraction of each 
contributes to photolysis at each wavelength. 

Borkowski and Ausloos 1131 found the room temperature fluorescence 
yields of C2H5CH0 to be almost unaffected by changes in pressure. How- 
ever, the yields did show a slight increase with pressure at 280.4 nm and a 
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slight decrease with increasing pressure at 334 nm, with essentially no pres- 
sure effect at 313 nm. Whether or not the trends at 280.4 and 334 nm are 
meaningful, they are small (a 68% increase at 280.4 nm for an increase by a 
factor of 13.9 in pressure and a 27% decrease at 334 nm for an increase in 
pressure by a factor of 10). To simplify our analysis we shah assume that 
these changes are negligible and that the fluorescence yield is not affected by 
pressure changes. However, the triplet yield, as measured by the sensitization 
of biacetyl phosphorescence, increased by a factor of 3 - 4 as the CzHsCHO 
pressure was increased from 26 to 100 Torr at 313 nm, but there was only a 
10% - 20% increase of the triplet yield at 334 nm for CzHsCHO pressure 
increases of between 21 and 108 Torr. Thus the decrease in radical yield 
with increasing pressure can be considered to lead to an increase in triplet 
states which can sensitize biacetyl phosphorescence, i.e. low vibrational 
levels of the triplet state. 

The production of CsHs via process (2) is important only at 254 and 
280 nm. From the data at 280 nm it is clear that there are both quenchable 
and non-quenchable contributions to CsH, production. At 280 nm the 
quantum yield for the non-quenchable fraction is 0.060 f 0.001. It is 
generally believed that the molecdar process occurs through upper vibra- 
tional levels of either the first excited singlet state or the ground state or 
both. We propose that the quenchable fraction occurs through excited vibra- 
tional levels of the ground state singlet and that the non-quenchable fraction 
occurs through the first excited singlet. 

It is also clear that the radical process proceeds from two states, at least 
at 313 and 334 nm, both of which are pressure quenched. Also pressure 
quenching increases the CzH6CH0 triplet yield. Thus at least one of the 
radical-producing states can be associated with high vibrational levels of the 
triplet state. In our earlier work [7] we considered both radical precursor 
states to be upper vibrational levels of the triplet with different quenching 
efficiencies. 

A general mechanism accounting for all the above-mentioned processes 
is given below. The rate coefficients for each first-order process may be a 
function of wavelength: 

P + hu + ‘P rate, I, 

‘P + CaHs + CO (4) 
lP + PO* 15) 
P,,* + CzH, + CO (6) 
P,,* + M + deactivation (7) 
lP + 8p* (8) 
lP -+ 8pn (9) 
sP1 + &Hz + HCO (16) 
sP1 + M --t deactivation (11) 



8pn -c CzHs + HCO (12) 
%‘,, + M + deactivation (13) 

where ‘P, Pc*, a P, and ‘PII represent respectively the excited singlet state, the 
vibrationally excited ground state, and the more reactive and the less reactive 
level8 of the vibrationally excited triplet state. This mechanism leads to the 
following rate law for the primary processes which produce free radicals: 

$8 
'(rad) = 1 + k,,[M] /klo + 

49 

1 + kls WI /km 
(141 

The rate law for the molecular process is given by 

@'(C2H6)=&+ 
46 

1 + k, [Ml /k, 
(15) 

With the realization that #4, &, 4s and $a are independent of pressure, the 
rate coefficient ratios k&k 1o, kla/k12 and k,/k6 cm be computed for each 
wavelength a8 shown below. For the four longer wavelengths the molecular 
process is unimportant and @(rad) = @(CO). 

4.1. 334 and 313 nm 
At very high pressures the slowly reacting levels of the vibrationally 

excited triplet state ?Pn are unimportant, i.e. k12 is very much less than 
kis[M], and eqn. (14) reduces to 

From the high pressure portion of the plots in Figs. 2 and 4, the ratio of 
slope to intercept gives klo/kll values of 325 Torr and 570 Torr respectively 
at 334 nm and 313 nm, and the intercepts give 4s = 0.60 at both wave- 
lengths. The values at 313 nm are in excellent agreement with our previous 
work [7] in which we found $8 = 0.60 and klo/kll = 625 Torr. 

Equation (14) can be rearranged to give 

I @(CO) - 48 
1 + kdM1 /klo 

i’ =bQ-~ (1 + kl;;;l) (17) 

In principle the left-hand side of eqn. (17) can be plotted against [M] to 
obtain k la/k12 since & = 1 - $8 = 0.40. In practice, only the few data 
points in the lower left-hand corners of Figs. 2 and 4 are useful in plotting 
eqn. (17) and these have considerable scatter. However, if smooth curves are 
drawn through these points passing through unity as an intercept, then 
“optimized” values of *(CO) can be estimated for use in computing the left- 
hand side of eqn. (17). Plots were made in this manner (not shown) and 
from them k12/kl, was estimated to be about 24 Torr at 334 nm and about 
45 Torr at 313 nm. The latter value can be compared with the value of 
70 Torr found from more extensive data in our earlier work [7]. 

Estimates of k12/kla can also be made from the pressure enhancement 
of biacetyl phosphorescence in the C2HSCHO-sensitized emission of biacetyl 



[ 13 ] . From the data of Borkowski and Ausloos k12/k18 can be estimated to 
be about 50 Torr at 313 nm and less than 20 Torr at 334 nm with CsHsCHO 
as the quenching gas. Since CaHbCHO is about 1.5 times as efficient as 
oxygen or nitrogen as a quenching gas [7 3, the dorresponding values 
corrected to air would be comparable with our values. 

4.2. 326 and 302 nm 
At these wavelengths the Stem-Volmer plots in Figs. 3 and 5 show no 

deviation from linearity. Thus either Qs or &, is zero, and the slope of the 
Stem-Volmer plot gives either kll/klo or klt/kla. The values obtained for 
the reciprocal slope are 57 Torr and 225 Torr respectively at 326 nm and 
302 nm. These values correspond to low reactivity so that we assume that 
4s = 0 and #s = 1.0. 

4.3. 280 and 254 nm 
At 280 and 254 nm the molecular process becomes important, and 

@@ad) must be computed as @(CO) - QI(C!sHs). This function gives linear 
Stem-Volmer plots (Figs. 6 and 7) although the data at 280 nm are badly 
scattered. Thus either r#s or $9 is z&o. The ratio of slope to intercept gives 
relative half-quenching pressures (klo/kll or klz/kl,) of 610 Torr and 
280 Torr at 280 nm and 254 nm respectively. Since the half-quenching pres- 
sure should increase monotonically with the input energy, we assign the 
value of 610 Torr at 280 nm to the slow quench klo/kll and the value of 
280 Torr at 254 nm to the rapid quench klz/kls. The intercepts of Figs. 6 
and 7 give respectively & = 0.61 at 280 nm (#a * 0) and & = 0.46 at 
254 nm ($s a 0). 

The rate law for the molecular process is given by eqn. (15). At 254 nm 
there is no pressure dependence, #a = 0 and & e @(C2Hs) = 0.39 + 0.03. 
The sum of the quantum yields rj~~ + & = 0.85 at 254 nm, whereas we 
expect a value of 1.0. The discrepancy between 0.85 and 1.0 may just reflect 
the uncertainty in our measurements. Alternatively it may represent another 
very rapidly quenched free-radical-producing step present at 254 nm. 

At 280 nm both @Q and & are non-zero. Equation (15) can be re- 
arranged to 

{@(C2H,) - #J1 = #a1 1 + ( k!!) W3) 

If #4 is taken to be 0.050, a linear Stem-Volmer plot results as shown in 
Fig. 1. From the slope and intercept we obtain k6/k7 = 47 Ton and $5 = 
0.28. At this wavelength the sum of the quantum yields & + @s + 6s is 
about 1.0, thus accounting for all the primary processes. 

A summary of the rate coefficients and quantum yields is given in 
Table 2. At all wavelengths the sum of the quantum yields @4 + $6 + 4s + ds 
is about 1.0, except possibly at 254 nm. The more reactive triplet states 
appear only at 334,313 and 280 nm, and always with a quantum yield @s of 
0.60. These states do not seem to appear at 326,302 or 254 nm. The less 



TABLE 2 

Summary of the rate coefficient ratios and quantum yields 

334 326 -24 - - 0.60 0.40 
326 - 67 - 1.0 
313 670a ca46P - - - 0.60 0.40 
302 - 226 - 0.028 - - 1.0 
280 610 47 0.060 0.28 0.61 - 
254 - 280 - 0.39 - - 0.46 

a We found k&kll - 630 Torr and klz/kls - 70 Torr in earlier work at 313 nm [ 7 1. 

reactive triplet states appear at 334 and 313 nm with a quantum yield of 0.4, 
about the 8ame value as found for the sum of the quantum yields for the 
molecular processes at the lowest two wavelengths. 

5. Atmospheric implication 

One goal of this work was to calculate the photodissociation rate coeffi- 
cient for radical production under atmospheric conditions. This rate coeffi- 
cient krad is given by 

k rad = l&(rad) dX s (6) 

where X0 is the incident photon flux at each wavelength h and e is the extinc- 
tion coefficient (to base e) at each wavelength. Values for *@ad) at atmo- 
spheric pressure at each wavelength examined in this study are listed in 
Table 3. There is no smooth trend to the data, so it is difficult to estimate 
@@ad) at other wavelengths. However, to a first approximation *(rad) can 
be considered to be about 0.20 f 0.08 at all wavelengths. 

TABLE 3 

Quantum yield for primary process 
(1) in air at 760 Torr 

x (nm) QWd) 

334 0.18 
326 0.067 
313 0.26 
302 0.22 
280 0.28 
264 0.13 
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Values of e and I,, at two zenith angles x over wavelength intervals are 
given in Table 4. With these data and the assumption that @@ad) = 0.20 at 
all wavelengths, krPd is computed to be 1.3 X lO_ 5 s-l at x = 30” and 9.7 X 

10B6 s-l at x = 68.18°. 

TABLE 4 

Data for evaluating atmospheric photodissociation rate coefficients for propionaldehyde 

x 
(nm) 

En 
(cm2 molecule-l) 

10 b (photons cm -2 s-l) 

x= 30” x = 58.18” 

336.0 - 340.0 1.38 x lo-= 
330.0 - 336.0 4.83 x 10-21 
326.0 - 330.0 8.80 x 1O-21 
320.0 - 326.0 1.27 x lO+O 
316.0 - 320.0 2.03 x 1O-2o 
310.0 - 316.0 3.44 x 10-20 
307.7 - 310.0 3.69 x 10-20 
303.0 - 307.7 4.07 x 10-20 
298.6 - 303.0 6.11 x lO-go 
294.1 - 298.6 6.34 x lo-* 
289.9 - 294.1 6.93 x 1O-2o 

1.119 x 101’5 
1.039 x 101” 
1.076 x 1Ol5 
8.309 x 1O1* 
8.104 x 1O1* 
4.164 x lo** 
2.327 x 1Ol4 
7.330 x 1013 
9.368 x 1012 
4.316 x lo= 
2.666 x lo9 

1.081 x 1015 
9.883 x 1014 
9.928 x 1014 
7.289 x 1014 
4.847 x 1014 
2.803 x 10” 
1.088 x 1014 
1.771 x 1013 
7.001 x 1o’l 
4.273 x lo9 
8.83 x 105 

*From McMillan as reported by Calvert and Pitte [2]. 
b From Wuebbles [ 16 1. 
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