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Abstract. The pressure dependence of the relative photol-
ysis rate of HCHO vs. HCDO has been investigated for the
first time, using a photochemical reactor at the University of
Copenhagen. The dissociation of HCHO vs. HCDO using a
UVA lamp was measured at total bath gas pressures of 50,
200, 400, 600 and 1030 mbar. The products of formalde-
hyde photodissociation are either H2 + CO (molecular chan-
nel) or HCO + H (radical channel), and a photolysis lamp
was chosen to emit light at wavelengths that greatly favor
the molecular channel. The isotope effect in the dissocia-
tion, kHCHO/kHCDO, was found to depend strongly on pres-
sure, varying from 1.1 + 0.15/−0.1 at 50 mbar to 1.75±0.10
at 1030 mbar. The results can be corrected for radical channel
contribution to yield the kinetic isotope effect for the molec-
ular channel; i.e. the KIE in the production of molecular hy-
drogen. This is done and the results at 1030 mbar are dis-
cussed in relation to previous studies at ambient pressure. In
the atmosphere the relative importance of the two product
channels changes with altitude as a result of changes in pres-
sure and actinic flux. The study demonstrates that theδD of
photochemical hydrogen produced from formaldehyde will
increase substantially as pressure decreases.

1 Introduction

Formaldehyde, HCHO, is a key intermediate in the atmo-
spheric carbon cycle and is important to the atmosphere’s
oxidative capacity. HCHO is a product of the oxidation of
methane and virtually all non-methane hydrocarbons, and is
a precursor of atmospheric CO and H2. Over half of atmo-
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spheric H2 is produced from the photolysis of formaldehyde
(Ehhalt and Rohrer, 2009; Novelli et al., 1999; Rhee et al.,
2006a). Molecular hydrogen is the reduced gas in the at-
mosphere with the largest turnover in moles and acts as an
indirect greenhouse gas (Forster et al., 2007). The reaction
with OH removes ca. 20% of H2, while 80% is removed by
a soil sink (Rhee et al., 2006b). There is an interest in the
fate of molecular hydrogen in the atmosphere, in order to un-
derstand the environmental impact of a proposed hydrogen
economy (Rahn et al., 2003).

Inverse modeling of the deuterium budget of tropospheric
hydrogen provides an independent check of bottom-up bud-
gets relying on estimates of individual source and sink terms
(Ehhalt and Rohrer, 2009). Gerst and Quay’s analysis of the
isotope budget concludes that the photochemical source of
H2 must be highly enriched in deuterium (Gerst and Quay,
2001). They estimate that photochemical H2 should have
a δD of + 130±70‰ compared to ocean water, a significant
enrichment relative to the dominant source, methane, with
a δD of −86±3‰. According to Schmidt et al. (2003) bio-
genic VOC is likely to be at least this depleted in deuterium.
Measurements show that tropospheric hydrogen has aδD of
120‰. TheδD value for stratospheric hydrogen ranges from
close to the tropospheric value to above 400‰ in the up-
per stratosphere; a substantial enrichment must take place
(Rahn et al., 2003; R̈ockmann et al., 2003). In their ef-
forts to model observedδD values both Mar et al. and
Röckmann et al. (2003, 2007) varied the fractionation fac-
tor in the photolytic molecular hydrogen source (Mar et al.,
2007; R̈ockmann et al., 2003). In addition Mar et al. inves-
tigated a number of factors that could result in variation with
altitude and conclude that while there appears to be such a
variation it cannot be known with certainty due to the lack of
experimental evidence.
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Table 1. Summary of previous experimental result, and the results obtained at 1030 mbar in this study.

Experimental facility and volume Light sourcekHCHO/kHCDO
Total Molecular Radical Reference

EUPHORE, 200 m3 chamber Sunlight 1.58±0.03 1.82±0.07 1.1±0.06 Feilberg et al., 2007
Glass/quartz vessel, 1–3 l Sunlight 2.5±0.03 2.0±0.02 4.5±0.08 Rhee et al., 2008
SAPHIRE, 370 m3 chamber Sunlight 1.63±0.03 1.63±0.03 R̈ockmann et al., 2009
Quartz chamber, 1011 UVA 1.75±0.1 This work

Establishing the kinetic isotope effects involved in the at-
mospheric oxidation of methane and non-methane volatile
organic carbon species is important due to ongoing interest
in modeling the molecular hydrogen and hydrocarbon bud-
gets, (see for example Ehhalt and Rohrer, 2009; Feilberg et
al., 2007; Pieterse et al., 2009). The C-D bond in methane
is less reactive than the C-H bonds and when methane is ox-
idized this results in methoxy radicals that are enriched in
deuterium. Furthermore, a recent study showed that there is
a large deuterium enrichment in the formaldehyde produced
by the reaction of the methoxy radical with oxygen (Nilsson
et al., 2007):

CH2DO+O2 → HCDO+HO2(88.2±1.1%) (R1)

→ HCHO+DO2(11.8±1.1%) (R2)

The enrichment of deuterium in the initial steps of mon-
odeutero methane oxidation is only partially counteracted by
the deuterium depletion seen in the hydrogen produced from
photolysis of formaldehyde (Feilberg et al., 2007).

The photolysis of formaldehyde has two product channels,
the radical channel producing H and HCO and the molecular
channel producing H2 and CO.

HCHO+hν → HCO+H Radical channel (R3)

HCHO+hν → H2+CO Molecular channel (R4)

The molecular channel includes a contribution from:

HCHO+hν → H ·HCO→ H2+CO “Roaming atom” (R5)

The threshold energy for Reaction (R3) corresponds to a
wavelength of about 330 nm, possibly extending as far as
340 nm. The production of H2 and CO via Reaction (R4) has
a threshold energy of ca. 360 nm (Troe, 2007). In addition a
fraction of the radical dissociations produce molecular prod-
ucts via the “roaming atom” pathway Reaction (R5) (Bow-
man and Zhang, 2006; Townsend et al., 2004). The photoly-
sis of formaldehyde is associated with significant deuterium,
13C and18O isotope effects (Feilberg et al., 2005; Feilberg et
al., 2007; Gratien et al., 2007; Jørgensen et al. 2008)

Quantum yields for the two product channels have been
evaluated and parameterized by Sander et al. (2006). While
the pressure dependence of the molecular channel quantum

Fig. 1. Pressure independent quantum yields of radical products
of formaldehyde photolysis as a function of wavelength from JPL
(Sander et al., 2006), IUPAC (Atkinson et al., 2005), and the lowest
estimate by Troe (Troe, 2007). The JPL quantum yield in the molec-
ular channel, for a pressure of 1 atm, is included for comparison.
Thicker full drawn line is the emission spectrum of the UV-A lamp
(Osram Eversun 100W/79) used for the photolysis experiments.

yield is significant, no pressure dependence is observed in the
radical channel. The quantum yield recommended by JPL
(Sander et al., 2006) is a parameterization based on diverse
experimental data. In contrast, IUPAC recommends a more
structured quantum yield (Atkinson et al., 2005). A theoret-
ical paper by Troe discusses the possibility that the radical
channel quantum yield is lower at higher wavelengths (330–
340 nm) than the current recommendations (Troe, 2007). The
IUPAC, JPL and Troe quantum yields for the radical chan-
nel and the yield in the molecular channel at 1030 mbar total
pressure are shown in Fig. 1. The group of Orr-Ewing also
reports a more structured quantum yield that is higher for the
radical channel than previous results (Gorrotxategi Carbajo
et al., 2008).

Table 1 summarizes the available experimental results at
ambient conditions for the isotope effects in the photolysis of
formaldehyde. Previous studies have been conducted under
ambient conditions using natural sunlight; the present study
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is the first one where the pressure dependence in the isotope
effect is investigated. The different results for the deuterium
KIE in the overall rate, and in the molecular and radical chan-
nels, will be discussed in Sect. 4 below.

Pieterse et al. (2009) have used a model to investigate
the oxidation process from methane to molecular hydrogen
(Pieterse et al., 2009). They identify the isotope effects in
formaldehyde photolysis as “by far the most critical parame-
ters in the H2 isotope scheme”.

We have undertaken the present study to investigate the ef-
fect of pressure on the kinetic isotope effect in formaldehyde
photodissociation. Since pressure dependence is only ex-
pected in the molecular channel, a photolysis lamp was used
that mainly dissociates formaldehyde in this channel. Using
the experimentally determinedkHCHO/kHCDO together with
literature data on the channel-specific quantum yields, we es-
timate the magnitude of the isotope effects in the molecular
channel.

2 Experimental

2.1 Experimental setup

The photolysis experiments were carried out in a photo-
chemical reactor at the University of Copenhagen (Nilsson
et al., 2009). The reaction chamber is a 2 m quartz tube with
electropolished stainless steel end flanges and a volume of
101.4 l. The chamber is placed in an insulated, temperature
controlled housing. The output beam from a Bruker IFS66v/s
FTIR spectrometer is coupled to the White type optics of the
reaction chamber and used to monitor changes in reactant
concentrations. The absorption path length in the cell was
72 m and a liquid nitrogen cooled InSb detector was used.
Pressures were determined using temperature stabilized ca-
pacitance manometer gauges accurate to 0.125%. The exper-
imental setup is described in detail in Nilsson et al. (2009).

2.2 Photolysis of HCHO/HCDO

The two formaldehyde isotopologues in the form of
paraformaldehyde were carefully heated and introduced into
the chamber via a heated inlet, in order to avoid condensa-
tion of formaldehyde in the inlet line exposed to the possibly
colder laboratory air. The initial amount of formaldehyde
was determined by measuring the pressure in a calibrated
volume before the gas was expanded into the chamber. The
chamber was then filled to the target pressure with synthetic
air. Experiments were conducted at a variety of HCHO to
HCDO ratios and concentrations. Initial partial pressures
of HCHO and HCDO in each experiment are listed in Ta-
ble 2. Total pressures in the cell were 50, 200, 400, 600 and
1030 mbar, and the temperature was 293±0.5 K in all exper-
iments. Photolysis was performed in 8 to 20 steps of increas-
ing duration giving a total photolysis time of 6 to 35 h, using
8 UV-A lamps. The lamps used have the emission maximum

Table 2. Summary of experimental results at different cham-
ber pressures. The second column presents the isotope effect
kHCHO/kHCDO obtained from the relative rate plots. The last col-
umn gives the initial partial pressures of the two isotopologues in
each experiment.

Chamber kHCHO/kHCDO HCHO/HCDO (µbar)
pressure (mbar)

50 1.064±0.039 0.68/0.03
50 1.207±0.040 0.55/0.22
50 1.058±0.032 0.17/0.38
50 1.076±0.036 0.08/0.38
200 1.357±0.080 0.029/0.005
200 1.205±0.037 0.67/0.03
200 1.354±0.041 0.053/0.034
400 1.621±0.056 0.20/0.18
400 1.629±0.052 0.46/0.30
600 1.792±0.055 0.15/0.23
600 1.718±0.069 0.27/0.07
1030 1.784±0.055 1.13/0.08
1030 1.718±0.069 4.2/0.3
1030 1.792±0.054 0.21/0.19

at 350 nm, for spectral distribution in the relevant range see
Fig. 1.

2.3 Reference spectra and analysis of FTIR data

FTIR spectra were analyzed using a spectral fitting program
that generates a synthetic spectrum which is compared to the
experimental result (Griffith, 1996). The program uses ei-
ther high quality line parameters from the HITRAN data base
(Rothman et al., 2005) or high resolution reference spectra.

For spectra taken at total pressures of 400, 600 and
1030 mbar, the absorption cross sections published by Gra-
tien et al. (2007) were used as reference spectra. Spectra
recorded at 50 and 200 mbar were analyzed using high res-
olution reference spectra obtained with a Bruker HR-120
FTIR spectrometer. Three spectra were recorded for each
isotopologue, at a resolution of 0.05 cm−1, each spectrum
consisting of 64 co-added interferograms. The three spec-
tra were averaged to obtain the final spectrum used for the
analysis.

The natural logarithm of the relative concentrations of the
two species HCHO and HCDO were plotted for each exper-
iment. The slope of the line in these plots, known as relative
rate plots, gives the ratio of the photolysis rates.

3 Results and discussion

We takej as the rate of photoabsorption, and distinguish
this from the rate of photodissociationk, which can be fur-
ther divided into radical and molecular channel dissociation,
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Fig. 2. Relative rate plots of HCHO versus HCDO from three inde-
pendent experiments at 293 K and total pressure of 1030 mbar, error
bars within symbols.

mboxdefined in Eq. (1) below, plus the rate of collisional
quenching. Figure 2 shows an example of a relative rate
plot where the slope iskHCHO/kHCDO, the ratio of the rates of
photodissociation of the two species. This plot includes data
from three independent experiments conducted at 1030 mbar
total pressure and 293±0.5 K. Similar plots were constructed
at each pressure. The isotope effects determined in each
experiment are summarized in column 2 of Table 2. The
results are also plotted in Fig. 3, where a significant pres-
sure dependence is clearly seen. Error bars are based on the
uncertainty in the determination of the slope of the relative
rate plot with an additional 3% error to account for possi-
ble uncertainties in reference spectra. At the lowest pressure,
50 mbar,kHCHO/kHCDO is determined in four experiments,
three of them giving results that (including error bars) span
the range 1.03–1.12 while one is an outlier with a value above
1.2. It is also interesting to note thatkHCHO/kHCDO at 600 and
1030 mbar are indistinguishable; there seems to be a thresh-
old pressure above which further increase in pressure does
not affect the isotope effect.

There are five possible loss pathways for formaldehyde
in the experiments: photolysis into either the molecular or
the radical channel, reaction with OH or HO2, and loss
of formaldehyde to the walls. To investigate the wall loss
rate, control experiments were performed in which the lamps
were not switched on. The concentration of formaldehyde
in the chamber was monitored for several hours to check for
changes in concentration and isotopic composition. It was
seen that the amount of formaldehyde decreased by at most
a few percent, stabilizing after about half an hour. This is in-
terpreted as loss of formaldehyde to the walls. No change in
the isotopic composition of the gas phase formaldehyde was
seen; the affinities for the walls are apparently the same for
HCHO and HCDO.

Fig. 3. Relative dissociation rate of formaldehyde,kHCHO/kHCDO,
as a function of pressure. The same data are as presented in Table 2.
Error bars are based on the uncertainty in the determination of the
slope of the relative rate plot with an additional 3% error to account
for possible uncertainties in reference spectra.

Possible loss of formaldehyde by reaction with OH
and HO2 during the photolysis experiments was in-
vestigated using a kinetic model written using Kin-
tecus (Ianni, 2005), available as Supplementary In-
formation (http://www.atmos-chem-phys.net/10/3455/2010/
acp-10-3455-2010-supplement.pdf). Initial concentrations
of HCHO, HCDO, H2O and CO determined from the exper-
iments using FTIR spectroscopy were used as input for the
model. In the model run, less than 1% of the formaldehyde
was lost by reaction with OH, and less than 1% via reaction
with HO2.

The kinetic isotope effects presented this far are based on
the loss of formaldehyde and do not distinguish between the
product channels. The lamp emission spectrum and quantum
yields in Fig. 1 show that while most of the products will be
from the molecular channel, the contribution from the radi-
cal channel is not negligible. The relative importance of the
two product channels can be estimated using Eq. (1) where
the subscripti distinguishes the radical channel (1) from the
molecular channel (2).

ki =

∫
σ(λ)φi(λ)I (λ)dλ (1)

The absorption cross section,σ(λ), has recently been deter-
mined with high accuracy by Gratien et al. (2007).I (λ) is the
emission spectra of the photolysis lamps. Quantum yields for
the molecular channel,φ(λ), are, as mentioned, pressure de-
pendent; due to collisional quenching the rate of absorption is
larger than the rate of dissociation. The pressure dependence
is shown in Fig. 4 by a plot ofφ(λ)I (λ) vs. wavelength, for
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Fig. 4. Quantum yields from JPL (Sander et al., 2006) in the radical
channel, and in the molecular channel at two different pressures,
scaled by the photolysis lamp spectrum (Fig. 1).

the radical channel, and for the molecular channel at two dif-
ferent pressures, 50 and 1030 mbar.

For the data analysis we use the quantum yields recom-
mended by JPL, since this parameterization includes the
pressure dependence. Quantum yields for formaldehyde
have also been published by IUPAC (Atkinson et al., 2005;
Troe, 2007) and by the group of Orr-Ewing (Gorrotxategi
Carbajo et al., 2008). Use of one of the other available quan-
tum yields would change the partitioning between molecu-
lar and radical channels slightly. Troe’s results (2007) can
be convoluted with the lamp spectrum to show that the radi-
cal channel contribution may be up to 30% smaller than we
have calculated using the JPL recommendation, whereas the
IUPAC recommendation (Atkinson et al., 2005) says that it
may be 5% larger. The most recent experimental study re-
ports radical channel quantum yields that are larger than the
mentioned recommendations (Gorrotxategi Carbajo et al.,
2008). The uncertainty in the quantum yield clearly intro-
duces an uncertainty in the evaluation of the experimental
results of the present work. In contrast to the molecular chan-
nel, the radical channel quantum yield is not pressure depen-
dent (Atkinson et al., 2005; Sander et al., 2006). Therefore
the radical channel deuterium photolytic kinetic isotope ef-
fect is not expected to depend on pressure.

The relative photolysis ratekHCHO/kHCDO can be divided
into molecular and radical contributions according to Eq. (2)
below. Here the subscripts H and D distinguish between nor-
mal hydrogen (1H) and deuterium (2H). Capital letters are
used for the rates of production of molecular products, while
lower case represents the radical channel.

kHCHO

kHCDO
=

kH +kh

kD+kd

=
kH +ckH

kD+
c
r
kH

(2)

The factorc=kh/kH , the ratio between photolysis rates in
the radical and molecular channels, is derived for different

Fig. 5. The filled diamonds are averages of the experimental re-
sults forkHCHO/kHCDO at different pressures presented in Table 2
and Fig. 3. Open symbols represent derived molecular channel
isotope effects,kH /kD , when different radical channel corrections
have been applied to the experimental data. Previous results for at-
mospheric pressure measurements of the kinetic isotope effect in
the molecular channel (kH /kD) are shown using a filled triangle
(Rhee et al., 2008), a filled star (Feilberg et al., 2007) and a filled
square (R̈ockmann et al., 2009).

pressures using Eq. (1). The factorr = kh/kd is the isotope
effect in the radical channel, previously determined by two
groups, see Table 1. Defining the factorsc andr allows us to
look at their effect on the results, as discussed below.

From Eq. (2) we can derive an expression for the isotope
effect in the molecular channel:

kH

kD

=

(
kHCDO

kHCHO
+

c

kHCHO/kHCDO
−

c

r

)−1

(3)

The kHCHO/kHCDO ratios are provided by the experiment.
The resulting isotope effect for the molecular channel,
kH /kD, is sensitive to the values ofc and r. The ratioc

varies with pressure since it contains the pressure dependent
photolysis rate for the molecular channel. As discussed pre-
viously different quantum yields are found in the literature
that have a varying ratio between the molecular and radi-
cal channels, and thusc will vary depending on the choice
of quantum yield. Different available quantum yields givec

values that vary by a few percent. In contrast the parameter
r has been determined twice, with greatly differing values,
as shown in Table 1, and therefore the choice ofr introduces
a large uncertainty in the present analysis. Figure 5 shows
kH /kD ratios where different values forr have been inserted
in Eq. (3).

As listed in Table 1 previous determinations ofkH /kD

at atmospheric pressure are in the range of 1.6 to 2. The
uppermost line in Fig. 5 representskH /kD in the present
experiments whenr=kh/kd is set to 1.1 (Feilberg et al.,
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2007). This gives an isotope effect in the molecular chan-
nel that is about 3 at atmospheric pressure, which clearly
disagrees with previous experimental results (Feilberg et al.,
2007; Rhee et al., 2008; Röckmann et al., 2009). The other
extreme is whenr = 4.5 (Rhee et al., 2008), giving unaccept-
ably low values forkH /kD, less than unity at the lower pres-
sures. Based on Troe’s work (2007) and the shift in the zero
point energy of HCDO relative to HCHO, it is unlikely that
kH /kD is less than 1. The two experimentally determined
values ofr, 1.1 and 4.5, clearly result inkH /kD that are not
consistent with field studies, models and experiments. In
Fig. 5 kH /kD is also presented forr values of 1.6 and 2.0.
For r = 1.6, a value suggested by Röckmann et al. (2009),
kH /kD is within the range suggested by previous experi-
ments. Whenr = 2, kH /kD decreases, but is still within the
mentioned range.

Given the wide range ofkH /kD shown in Fig. 5, especially
at the higher pressures where we have other experimental
data to compare with, we conclude that the uncertainties in
literature data regarding quantum yield and radical channel
KIE limit the possibilities for parameterizing the molecular
channel KIE based on the present dataset. However we be-
lieve that the more important conclusion is that, independent
of the value of the radical channel KIE, a significant pressure
dependence remains.

4 Atmospheric implications

The effect of pressure on the kinetic isotope effect in the pho-
tolysis of formaldehyde has been investigated for the first
time. A significant pressure dependence, attributed to the
molecular channel, is observed.

The fractionation factor for formaldehyde photolysis
shows a significant variation with altitude. This has previ-
ously been suggested by analysis of field measurements and
modeling ofδD(H2) values in the atmosphere (Mar et al.,
2007; R̈ockmann et al., 2003). In 2001 Gerst and Quay pre-
sented a result that could explain deuterium enrichment in
molecular hydrogen originating from atmospheric methane.
They estimated that the overall fractionation in methane oxi-
dation must be about 1.3 to explain the measured data (Gerst
and Quay, 2001). Since then, knowledge of the fractiona-
tion factors and branching ratios in the oxidation chain has
increased and has been incorporated in modeling of recent
field measurements. Rahn et al. (2009) assume stratospheric
conditions at 30 km altitude and report an overall fractiona-
tion of 1.33(+0.29/−0.25) (Rahn et al., 2003). Rhee et al. use
average stratospheric conditions when deriving the overall
fractionation factor from field data;αCH4→H2 = 1.43±0.06
(Rhee et al., 2006a). Although several studies indicate alti-
tude dependence in the fractionation, the lack of experimen-
tal evidence or estimates of the magnitude of the altitude de-
pendence makes it problematic to incorporate in models. In
the present work we identify the pressure dependence of the

photolysis of formaldehyde as one cause for the variation in
α with altitude. The consequences of this behavior must be
investigated using stratospheric models.

As reviewed in the introduction, the atmospheric pres-
sure fractionation results of Rhee et al. (2008), Feilberg
et al. (2007), and R̈ockmann et al. (2009), do not agree.
Regarding the Rhee et al. (2008) study a possible source
of errors may be interference from the surface including
the known difficulty of maintaining a constant pressure of
formaldehyde in the gas phase due to adsorption, solvation
and the formation of a polymeric solid. Historically, these
phenomena have confounded efforts to measure accurate UV
and IR cross sections (Gratien et al., 2007). One way to mini-
mize the impact of surface interactions is to perform photoly-
sis experiments in a large chamber with a low surface to vol-
ume ratio. The work of Feilberg et al. (2007) and Röckmann
et al. (2009) were both performed in large atmospheric cham-
bers under natural sunlight conditions. Also the study by
Rhee et al. was done using natural sunlight. In the present
study the yield in the molecular channel was enhanced by
using a UVA lamp with a maximum at 350 nm. If there is a
wavelength dependence in the kinetic isotope effects the re-
sults will differ from the natural sunlight studies. Much of
the work that has been done, including our analysis here, as-
sumes thatkh/kd andkH /kD are independent of wavelength
however we know of no experiments to date that support this
view. With this in mind it is also important to note that the
spectral distribution of sunlight changes with latitude, season
and solar zenith angle. If there is a wavelength dependence
this would be a possible explanation for the discrepancies in
the results in the molecular channel. In addition the tem-
perature dependence of the photolytic isotope effect remains
unexplored. We do not have an explanation for why the rad-
ical channel isotope effect of 1.1 determined by Feilberg et
al. (2007) appears to be unacceptable and we anticipate that
future work will improve upon the current studies.

The significant pressure dependence in the isotopic frac-
tionation in the production of molecular hydrogen in
formaldehyde photolysis must be further characterized. This
probably includes further studies of pressure dependencies in
quantum yield and absorption cross sections, as well as better
determinations of the radical channel isotope effect. Using
sunlight or available UV lamps one must rely on experimen-
tal absorption cross sections and quantum yields to be able to
estimate the relative contributions from molecular and radi-
cal channels. In this work we have analyzed the loss of re-
actants; an improvement of the experiments would be to also
analyze the products. The molecular products H2 and CO can
be analyzed with IRMS (Isotope Ratio Mass Spectrometry)
or GC (Gas Chromatography) with a HgO reduction detector
and FTIR, while the radical products are difficult to detect in
an accurate way.

In addition to more experimental studies a theoretical
investigation would lead to a better understanding of the
different timescales of HCHO and HCDO photolysis.
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