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Abstract

Absorption cross-sections for benzaldehyalualdehydemtolualdehyde ang-tolualdehyde have been measured in the wavelength
region 252—-368 nm using two different systems (@mp-diode array and Plamp-monochromator). In addition, cross sections at 253.7,
312.2 and 365 nm have been measured using a Hg pen ray lamp and were found in good agreement with those obtained,using the D
lamp-diode array system. The absorption spectra of the four aromatic aldehydes have been found to exhibit fine structures similarly to
aromatic hydrocarbons. The calculated atmospheric photolysis lifetimes suggest that photolysis is a potentially important removal process
for these aromatic aldehydes in the troposphere.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction In the present study, the absorption cross sections for ben-
zaldehyde (@HsCHO), ortho-tolualdehyde ofCH3CgH4

Aromatic aldehydes are emitted into the atmosphere asCHO), meta-tolualdehydentCH3zCgsH4CHO) and para-

primary pollutants from motor vehicles exhaust and through tolualdehyde [-CH3CgH4CHO) have been determined in

their different uses (e.g. soil fumiganit}]. They are also  the wavelength range 252-368nm and temperatures be-

produced in situ in the atmosphere as intermediates intween 303 and 363K, by using two different experimental

the photooxidation of alkyl aromatic compounds such as systems.

toluene, xylenes and styrengs-6]. Similarly to other aro-

matics, these compounds play an important role in urban air

pollution [7]. The available literature data indicate that in 2 Experimental

the atmosphere, the main oxidation processes of aromatic

aldehydes in the gas phase are reaction with OH radicals  apsorption cross sections measurements were made in

and photolysig3,6]. , _ two different tubular cells using Dlamp as the light source
The UV absorption cross sections of aromatic aldehydes 5ng a diode-array spectrometer at LCSR-Orléans and a

combined with photolysis quantum yields are necessary 10 monochromator at GSMA-Reims for light detection. A

calculate the photolysis rates of these compounds in thepiof description of both systems is given here, however,

laboratory and in the atmosphere. They are also requ"edcomplete details can be found elsewhfir2, 13}
for in situ detection of these species in the atmosphere '

for example, by using the differential optical absorption

spectroscopy (DOAS) techniqy®,9]. The UV absorption ~ 2.1. D2 lamp-diode array system at LCSR-Orléans

spectra of benzaldehyde have been determined previously

by different groups but a large discrepancy exists between The used UV-Vis spectrophotometer is equipped with a

some of these measuremef8s11] 1800 grooves/mm grating and a 1024 element diode array
detector. The collimated output of,Damp (30 W) passed

" Corresponding author. Tek:33-238-25-7612; faxi-33-238-69-6004.  through the absorption cell and focused onto the entrance

E-mail address: mellouki@cnrs-orleans.fr (A. Mellouki). slit of the spectrometer. The absorption cell (100cm long
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and 2.5cm i.d.) made of Pyrex is equipped with quartz  Pressure was measured in both systems using capaci-
windows, the temperature is regulated by circulating heatedtance manometers operating in the range 0-10Torr. The
water through the cell jacket. Experiments were conducted chemicals were from Fluka and their purities were as
with a 40pm entrance slit, providing a spectral resolution of follows: benzaldehyde X99%), o-tolualdehyde £98%),
0.2 nm. Measurements were made over the wavelength rangen-tolualdehyde (99%) and-tolualdehyde (98%). They
252-368 nm by recording typically four overlapping regions were purified by repeat freeze, pump, and thaw cycles. In
of about 40 nm. Each measurement consisted of 10-20 scanaddition, the compounds were further purified by distillation
of diode array and required at maximum 1 s to complete. The in the experiments conducted at GSMA.
wavelength scale of the spectrometer was calibrated using
the emission lines from low-pressure Zn (213.8 nm) and Hg
(253.7, 313.3, and 365 nm) pen-ray lamps and it was found 3. Results and discussion
to be accurate to 0.1 nm.
3.1. Results
2.2. D2 lamp-monochromator system at GSMA-Reims
Preliminary checks showed that in our experimental

The difference between this experimental set-up and thatconditions, a slight photolysis of the studied compounds
described above are the length of the cell (here 49.6 cm) andoccurred when they were irradiated at wavelengths below
the light detection (here a monochromator was used instead240 nm. Therefore, all measurements were conducted in
of a diode-array). The monochromator used is a 1.5m Jobinthe presence of a band-pass filter between theldbnp
Yvon THR equipped with a 2400 line mm grating (dis- and the absorption cell, hence allowing only radiation at
persion 0.26 nm mmt). The signal was collected by a pho- 1 > 245nm to pass through. At LCSR, absorption spec-
tomultiplier tube (Hamamatsu R955) connected to a micro- tra of benzaldehydeg-tolualdehyde,m-tolualdehyde and
computer for the data acquisition. The width of the entrance p-tolualdehyde were measured between 252 and 368 nm in
light beam was varied between 80 and 180 yielding a the temperature range 303-333 K while at GSMA experi-
spectral resolution between 0.02 and 0.05 nm. For each scanments were performed in the wavelength and temperature
the integration time at each wavelength was 0.5s and theranges 252-295nm and 353-363 K, respectively. The ex-
experimental sampling was varied between 0.05 and 0.2 nm.periments were conducted at temperatures above 303K, in
The wavelength calibration was made using a low pressureorder to minimize the loss of the studied compounds on
mercury lamp and the precision was estimated to be betterthe wall of the cell. The experiments conducted at around
than £0.02nm. The absorption cross sections were mea- 295K showed that the compounds had a tendency to be
sured between 252 and 295nm under static conditions inlost on the wall of the absorption cell and the data obtained
the temperature range 353—363 K using a resistor to heat thewvere not reproducible. Hence, the results obtained at 295 K

cell. could not be used.
Absorption cross sections were calculated using the Measurements of the absorption spectra were conducted
Beer—Lambert's law: at different pressures as follows: at LCSR, at least four

independent measurements in static and two in dynamic
o) = —InlIA)/ToWI/LC, conditions in the pressure range 0.2-0.8 Torr; at GSMA
where (1) is the absorption cross section (&nper five to seven measurements in static conditions in the pres-
molecule) at wavelength, L the optical path length in  sure range 0.1-2.2 Torr in static conditions. Uncertainties in
cm andC the concentration in molecule ¢ 1(1) and the aromatic aldehydes cross section data arise from errors
lo(A) are respectively the light intensities with and without mainly in pressure measurements and to a lesser extent in
aromatic aldehydes in the absorption cell. absorbance, path length and temperature measurements. Es-
A reference spectrumlg(X) was recorded when the timated uncertainties for the cross sections &% below
cell was empty after being purged with He. The spectrum 340 nm, and+-20% above. The spectra obtained at LCSR
(%) was measured by two methods. In the so-called staticand GSMA are plotted ifrig. 1 and the cross sections val-
method, (1) was measured when the absorption cell was ues are listed ifable 1in 1 nm intervals.
filled with a fixed concentration of aromatic aldehyde, Independent experiments were conducted at LCSR to
while in the second method, called dynami¢y) was measure the absorption cross sections of the studied aro-
measured when a fixed concentration of compound wasmatic aldehydes at 253.7, 313.2 and 365nm using a Hg
flowed through the absorption cell. This procedure was re- pen ray lamp as the light source and a photodiode fitted
peated until sufficient spectra were recorded to accuratelywith appropriate band-pass filters for detection. These ex-
determine the absorption cross section at all wavelengths.periments were carried out at 323K and pressure range
Following each measurement, the cell was evacuated andof 0.1-0.8 Torr. The absorption cross sections obtained in
purged with He and anothép()) spectrum was recorded this way shown inFig. 2 and those obtained using the D
to check the stability of the apparatus over the duration of lamp-diode array system are in good agreement as presented
the experiments. in Table 2
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Table 1
Absorption cross sections of benzaldehydeplualdehyde,m-tolualdehyde andp-tolualdehyde obtained using;Damp-diode array (LCSR) and D
lamp-monochromator (GSMA) systems

A Benzaldehyde o-Tolualdehyde m-Tolualdehyde p-Tolualdehyde
LCSR GSMA LCSR GSMA LCSR GSMA LCSR GSMA
o (10~ 8cn? per molecule)

252 0.80 0.80 2.04 2.96 0.97 1.09 9.98 10.1
253 0.81 0.81 1.40 2.19 0.74 0.94 7.93 8.10
254 0.84 0.82 0.97 1.58 0.61 0.83 541 5.50
255 0.92 0.88 0.74 122 0.55 0.80 3.78 3.93
256 1.00 0.93 0.62 1.0 0.52 0.80 2.68 2.87
257 1.06 0.95 0.57 0.89 0.53 0.79 2.16 231
258 1.14 1.05 0.57 0.84 0.55 0.83 1.74 1.92
259 1.22 111 0.58 0.84 0.58 0.85 157 1.69
260 1.30 1.25 0.62 0.83 0.62 0.88 1.46 1.60
261 1.34 1.35 0.66 0.86 0.67 0.91 1.38 1.51
262 1.42 1.42 0.71 0.90 0.72 0.96 1.32 1.55
263 1.49 1.53 0.77 0.95 0.78 1.0 1.38 1.53
264 154 1.65 0.83 1.0 0.85 1.04 1.35 1.52
265 1.64 1.75 0.91 1.06 0.91 1.09 1.42 1.65
266 1.75 1.85 0.99 1.13 0.98 1.15 1.44 151
267 1.88 1.84 1.07 1.20 1.06 1.20 1.38 1.57
268 1.85 2.0 117 1.29 1.14 1.27 1.46 1.54
269 1.87 2.04 1.26 1.37 1.22 1.34 1.38 1.48
270 1.99 211 1.36 1.47 1.34 141 1.43 1.56
271 211 2.17 1.47 157 1.44 1.45 1.48 1.55
272 212 2.38 157 1.67 1.53 1.55 1.44 1.54
273 2.10 2.35 1.68 1.77 1.60 1.61 1.66 1.74
274 219 243 1.79 1.89 1.69 1.67 1.60 1.64
275 2.27 3.80 1.88 1.98 1.75 1.74 151 1.53
276 2.06 2.52 1.96 2.04 1.79 1.77 1.58 1.63
277 2.28 2.56 2.09 2.19 1.85 1.84 1.33 1.37
278 2.20 2.63 214 2.26 1.95 1.88 127 1.27
279 1.70 1.83 2.29 2.37 2.05 1.99 1.34 1.42
280 1.72 1.79 2.39 251 211 2.06 1.15 1.19
281 2.10 1.38 2.46 251 2.22 2.15 1.06 1.13
282 1.64 1.72 2.56 255 2.30 2.22 1.10 1.27
283 1.74 1.73 2.61 2.71 2.22 2.13 1.06 1.03
284 2.40 2.02 2.53 2.67 2.15 2.15 117 1.04
285 1.54 2.10 2.37 2.50 2.08 2.10 1.16 1.56
286 0.84 121 245 2,52 191 1.92 0.69 1.05
287 0.56 0.70 2.34 2.62 1.78 1.81 0.42 0.66
288 0.37 0.48 2.26 2.39 181 1.72 0.28 0.41
289 0.24 0.30 2.42 2.48 1.89 1.83 0.21 0.33
290 0.15 0.16 2.19 243 1.85 1.78 0.15 0.26
291 0.12 0.11 2.09 2.18 1.80 1.78 0.10 0.22
292 0.10 0.08 2.55 2.32 191 2.19 0.08 0.19
293 0.087 0.072 211 2.56 1.82 2.08 0.067 0.14
294 0.065 0.058 1.46 1.97 131 1.44 0.058 0.15
295 0.059 0.050 1.12 1.42 0.82 0.95 0.054 0.14
296 0.053 - 1.04 - 0.54 - 0.048 -
297 0.049 - 0.88 - 0.37 - 0.043 -
298 0.047 - 0.56 - 0.25 - 0.040 -
299 0.047 - 0.36 - 0.17 - 0.039 -
300 0.047 - 0.22 - 0.11 - 0.039 -
301 0.049 - 0.14 - 0.082 - 0.039 -
302 0.051 - 0.10 - 0.063 - 0.041 -
303 0.055 - 0.076 - 0.051 - 0.043 -
304 0.058 - 0.059 - 0.044 - 0.045 -
305 0.060 - 0.049 - 0.039 - 0.046 -
306 0.058 - 0.042 - 0.036 - 0.045 -
307 0.053 - 0.039 - 0.034 - 0.044 -
308 0.051 - 0.036 - 0.032 - 0.042 -
309 0.049 - 0.034 - 0.031 - 0.040 -

310 0.051 - 0.031 - 0.029 - 0.040 -
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Table 1 Continued)

A Benzaldehyde o-Tolualdehyde m-Tolualdehyde p-Tolualdehyde
LCSR GSMA LCSR GSMA LCSR GSMA LCSR GSMA
311 0.056 - 0.030 - 0.027 - 0.042 -
312 0.060 - 0.030 - 0.026 - 0.043 -
313 0.066 - 0.030 - 0.025 - 0.046 -
314 0.069 - 0.030 - 0.026 - 0.049 -
315 0.071 - 0.031 - 0.027 - 0.051 -
316 0.068 - 0.031 - 0.029 - 0.053 -
317 0.063 - 0.031 - 0.030 - 0.052 -
318 0.062 - 0.031 - 0.031 - 0.050 -
319 0.058 - 0.030 - 0.031 - 0.048 -
320 0.058 - 0.029 - 0.030 - 0.055 -
321 0.063 - 0.029 - 0.029 - 0.044 -
322 0.067 - 0.029 - 0.028 - 0.045 -
323 0.072 - 0.030 - 0.027 - 0.046 -
324 0.069 - 0.031 - 0.026 - 0.048 -
325 0.070 - 0.031 - 0.027 - 0.049 -
326 0.072 - 0.032 - 0.028 - 0.048 -
327 0.082 - 0.032 - 0.029 - 0.048 -
328 0.074 - 0.031 - 0.029 - 0.052 -
329 0.067 - 0.031 - 0.029 - 0.053 -
330 0.061 - 0.030 - 0.030 - 0.048 -
331 0.058 - 0.030 - 0.030 - 0.046 -
332 0.062 - 0.029 - 0.029 - 0.043 -
333 0.062 - 0.029 - 0.026 - 0.043 -
334 0.075 - 0.028 - 0.025 - 0.043 -
335 0.075 - 0.028 - 0.025 - 0.048 -
336 0.078 - 0.028 - 0.026 - 0.048 -
337 0.072 - 0.028 - 0.026 - 0.049 -
338 0.058 - 0.029 - 0.030 - 0.045 -
339 0.058 - 0.029 - 0.030 - 0.042 -
340 0.056 - 0.029 - 0.027 - 0.040 -
341 0.056 - 0.029 - 0.026 - 0.039 -
342 0.046 - 0.028 - 0.023 - 0.043 -
343 0.041 - 0.026 - 0.022 - 0.041 -
344 0.041 - 0.025 - 0.022 - 0.039 -
345 0.037 - 0.024 - 0.021 - 0.034 -
346 0.045 - 0.023 - 0.019 - 0.031 -
347 0.052 - 0.023 - 0.017 - 0.030 -
348 0.054 - 0.022 - 0.015 - 0.030 -
349 0.071 - 0.020 - 0.014 - 0.031 -
350 0.065 - 0.020 - 0.015 - 0.034 -
351 0.052 - 0.019 - 0.016 - 0.033 -
352 0.046 - 0.019 - 0.019 - 0.046 -
353 0.034 - 0.019 - 0.020 - 0.031 -
354 0.029 - 0.020 - 0.024 - 0.028 -
355 0.031 - 0.020 - 0.017 - 0.025 -
356 0.030 - 0.018 - 0.013 - 0.019 -
357 0.030 - 0.019 - 0.010 - 0.017 -
358 0.022 - 0.016 - 0.007 - 0.017 -
359 0.019 - 0.014 - 0.007 - 0.019 -
360 0.024 - 0.014 - 0.006 - 0.017 -
361 0.023 - 0.012 - 0.005 - 0.013 -
362 0.023 - 0.011 - 0.005 - 0.011 -
363 0.026 - 0.010 - 0.006 - 0.010 -
364 0.023 - 0.009 - 0.005 - - -
365 0.024 - 0.008 - 0.005 - - -
366 0.031 - 0.007 - 0.005 - - -
367 0.016 - 0.007 - 0.006 - - -
368 0.016 - 0.007 - 0.005 - - -
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Fig. 1. UV-Vis spectra of benzaldehyde:tolualdehyde m-tolualdehyde ang-tolualdehyde obtained in this work (GSMA and LCSR) and those from
Etzkorn et al.[9].

3.2. Intercomparison of the LCSR and GSVIA data defined in the spectra obtained at GSMA because of the
better resolution of the system used in this laboratory.
As shown inFig. 1, the spectra ob- andm-tolualdehyde It has to be noticed that a slight shift (0.2-0.4nm) is
are similar in terms of cross sections values, peaks posi-observed between the spectra obtained in the two labo-

tion and band widths while that gktolualdehyde is shifted  ratories.
to shorter wavelengths similarly to that of benzaldehyde. For o-tolualdehyde andn-tolualdehyde, the results from
This shift has also been observed for benzene compared tdhe two laboratories are in reasonable agreement except
toluene[9]. The four absorption spectra exhibit fine struc- for the wavelength region 254-262 nm where the absorp-
tures similarly to other aromatid9]. As expected for car-  tion cross section values from LCSR are up to 40% lower
bonyls, the absorption bands between 320 and 360 nm resulthan those from GSMA. We have no evident explanation
from a dipole forbidden ns* electronic transition of the  for this disagreement, which might be due to light scat-
C=0 group. tering in the monochromator and the cells or to the pres-
The cross section values for benzaldehyde gnd ence of impurities that would absorb in that wavelength
tolualdehyde obtained at LCSR and GSMA are within region.
the reported uncertainties except fprtolualdehyde at Additionally, the measured absorption cross sections did
wavelength higher than 290 nm where the disagreementnot show any distinct temperature dependence in the tem-
exceeds 40%. Additionally, the fine structures are more perature range (303—363 K) of this study.
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Fig. 2. Optical density vs. pressure plots for benzaldehyd®lualdehyde m-tolualdehyde ang-tolualdehyde at = 2537, 313.2 and 365nm (the
derived absorption cross sections are givefTable 2.

3.3. Comparison with the literature data 240 nm as observed in this work. The UV absorption spectra
of benzaldehyde has also been reported by Etzkorn et al. in
The data obtained in this work can also be compared the wavelength range 250-300 nm using a diode array with
with those of the literature. For benzaldehyde, Noziere et al. a spectral resolution of 0.146 nj@]. Our cross section val-
[10] have determined its spectrum between 220 and 300 nmues can be considered in agreement with those from Etzkorn
in 5nm or 10nm intervals using a,0amp coupled to a et al., within 5-25% in the wavelength range 255-292 nm
monochromator. As shown iRig. 3 the data obtained in  [9]. More recently, Zhu and Cronifi1] have measured the
this work disagree with those reported by these authors.absorption cross sections of benzaldehyde at three wave-
Our cross section values are three times lower in the re-lengths (280, 285 and 308 nm). Our value at 308 agad =
gion 255-280 nm and 14-35 times lower between 290 and (5.1+0.8)x10-2%cn? per molecule) is close (30% higher)
300 nm. Because of a lack of experimental details in the pa- to their determinatior3.8 & 0.9) x 10~29, but our values at
per of Noziére et al[10], it is difficult to discuss this dis- 280 and 285 nmdbgo = (1.76 + 0.26) x 1018 and oogs =
crepancy. However, it is not excluded that their data were (1.8240.27) x10-18) are, respectively, 10 and 5 times higher
affected by absorbing products formed in the possible pho- than theirs (1.8 + 0.4) x10~1° and (3.2 + 0.9) x 10~ 1° cn??
tolysis of aromatic aldehydes at wavelengths shorter thanper molecule).



Table 2
Comparison of the absorption cross section for the series of aromatic aldehydes at 253.7, 313.2 and 365 nm obtained by using Hg lamp-phoiddiogedamd® array
Aromatic aldehydes o (253.7nm) o (313.2nm)

Photodiode Diode array Photodiode Diode array

o (365nm)

Photodiode

Diode array

(8.3 1.3) x 1071°
(1.0r 0.15) x 10718
(6.6£ 0.1) x 10°%°
(5.7 0.9) x 10718

Benzaldehyde

o-Tolualdehyde
m-Tolualdehyde
p-Tolualdehyde

(8.4+13)x 10719
(1.1+02)x 10718
(6.4 + 0.9) x 10719
(6.0+ 0.9) x 10718

(6.6 + 0.1) x 10720
3.1+ 05) x 1072
(2.4 + 0.4) x 1002
(4.7+07)x 1072

(6.7« 1.0) x 10720
(3.0+ 0.5) x 10720
(2.5+ 0.4) x 1072
4.6+ 0.7) x 1072

(2.2+ 0.4) x 1072
(7.2+ 1.4) x 1072
5.4+ 1.0)x 1072
84+ 17)x 1072

2.4+ 0.4) x 1002
(7.7+1.2) x 1072
(5.2+ 0.8) x 1072

182-€/¢ (¥002) 29T AnsweyDd v ABojoigoloyd pue Ansiwsyooloud Jo feudnor/ e ® ineiyl ‘9

6.¢



280
-17
= T This work (LCSR)
'% gl @ | oooo This work (GSMA)
8 x4 Etzkorn et al.
g -18 xxxx Noziére et al.
~ ! L1} Zhu et al.
|5 b
L n )
c
2 [l
kst
@ 19l
(2]
172
Q
o
[)]
Ke]
-20 1 1 1 1 1 1

240 260 280 300 320

Wavelength / nm

340 360 380

Fig. 3. UV-Vis spectra of benzaldehyde obtained in this work (GSMA
and LCSR) and those from the literature.

Concerning the three tolualdehyde isomers, their UV ab-
sorption spectra have been reported earlier by Etzkorn et al
in the wavelength range 250-300 if®). As shown inFig. 1,
while the shapes of the spectra from this work and from

Etzkorn et al. are similar, our cross section values are sys-

tematically lower than those of Etzkorn et al. The reason for

this systematic difference is not clear. However, it seems to
indicate a possible problem with the concentration measure-

ments of the tolualdehydes due to difficulties of handling the

samples. The very recent data obtained by Volkamer et al.

using a DOAS (resolution of 0.84 nm) are in agreement with
those from this work for benzaldehyde but systematically
higher for the tolualdehydes (Euphore Report, 2002).

4. Tropospheric lifetimes

The four aromatic aldehydes studied in this work show
relatively high absorption cross sections for the wavelength
around 300 nm which indicates that photolysis could be a

significant loss process of these compounds in the tropo-

sphere.
The absorption cross-sections shownTiable 1 were

used to calculate averaged tropospheric photolysis rate

(Jp) for benzaldehydeg-tolualdehydem-tolualdehyde and
p-tolualdehyde by using the following relationship:

Jp = /a()»)qb(k)l(k) di

whereo (1) is the absorption cross sectiat()) the primary
guantum yield for photolysis andx) the actinic flux of so-
lar radiation. The calculations were made for noontime on 1
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Table 3

Estimated tropospheric lifetimes of the studied aromatic aldehydes in the
gas phase with respect to photolysis, and reactions with OH angl NO
radicals

5% (h) ToH [17] (h) ™o; [3] (days)
Benzaldehyde 45 mbh 11 2
o-Tolualdehyde 15 7 -
m-Tolualdehyde 2 8 -
p-Toluladehyde 1 10 -

aLower limits (see text).
bvaule for bezaldehyde is in minutes.

culations were made assumipgr) = 1 at all wavelengths
since no data on the primary photolysis quantum yields are
available which will lead to an upper limit of the calculated
photodissociation rate. The calculated valuegofin s

for 1 January and 1 July are, respectively, for benzaldehyde:
2.3x10*and 39x 10~4, for o-tolualdehyde: & 10~% and

2 x 104, for mtolualdehyde: B x 10~* and 17 x 104

and forp-tolualdehyde: 5 x 10~* and 28 x 10~%.

In the troposphere, aromatic aldehydes are expected to
be removed in the gas phase by chemical reactions with
OH, NGOz, and @ or by solar radiation photolysis. No data
are available on the reactions of ozone with aromatic alde-
hydes but this process is expected to be negligible in the
atmospherg3,6]. The calculated lifetimes of the four aro-
matic aldehydes with respect to the different degradation
pathways are listed iffable 3 The lifetimes with respect
to the reaction with OH and Nfradicals have been cal-
culated using rate constants of the literature and assuming
[OH] = 2x 10°cm=3 and [NG3] = 2.5x 10° cm 3 [15,16]
which are typical for continental atmosphere where the stud-
ied aldehydes could be present. As mentioned above, the es-
timated lifetimes with respect to photolysis represent lower
limits as they were calculated using the upper limitslpf
obtained assuming a photolysis quantum yield of uniy (
are calculated for the 1 July). These calculations suggest
that the photolysis is a potentially important loss process of
the aromatic aldehydes in the troposphere compared to re-
actions with OH and N@radicals. However, the photolysis
rates of these aldehydes remain to be better defined to ac-
curately assess their tropospheric lifetimes with respect to
photolysis. In this respect, there is a need to determine the
guantum vyields for photolysis of these compounds and to
measure their photolysis rates under simulated atmospheric
conditions.
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