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Abstract. The isotope effects in formaldehyde photolysis 1 Introduction

are the key link between th#D of methane emissions and

the D of atmospheric in situ hydrogen production. A few

recent studies have suggested that a pressure dependerfc@maldehyde is a key intermediate in hydrocarbon oxida-
in the isotopic fractionation can partly explain enrichment tion and plays a central role in both atmospheric and combus-
of deuterium with altitude in the atmosphere. The mecha-tion chemistry. It enters the atmosphere as a primary emis-
nism and the extent of this pressure dependency is, howsion from combustion engines and biomass burning, and is
ever, not adequately described. In the present worE@ also formed in the atmosphere, mainly as a result of OH ini-
and HCO were photolyzed in a static reaction chamber tiated oxidation of methane and larger hydrocarbons. Being a
at bath gas pressures of 50, 200, 400, 600 and 1000 mbafeactive species and an important part of both natural and an-
these experiments compliment and extend our earlier workhropogenic atmospheric chemistry, the reaction sequences
with HDCO vs. HCO. The UV lamps used for photolysis where formaldehyde is an intermediate have consequences
emit light at wavelengths that primarily dissociate formalde- for regional air quality and global atmospheric composition
hyde into molecular products, CO ang ldr D,. The iso-  (Seinfeld and Pandid998.

tope effectc(HCO)/k(D,CO) = 3.16+ 0.03 at 1000 mbar is As an example of the importance of formaldehyde, over
in good agreement with results from previous studies. Simi-half of atmospheric blis produced by formaldehyde photol-
larly to what was previously shown f&H>CO)k(HDCO), ysis. The global budget of +has recently been reviewed and
the isotope effect decreased as pressure decreased. In adfiodeled Ehhalt and Rohre2009 Pieterse et 12011). An

tion, a model was constructed using RRKM theory to cal- accurate chemical mechanism describing the formation and
culate the lifetime of excited formaldehyde on thg sur- loss of formaldehyde is necessary to the function and util-
face, to investigate its role in the observed pressure deperity of such models. Isotopic composition is an additional ob-
dent photolytic fractionation of deuterium. The model shows Servable used to constrain species budgets and atmospheric
that part of the fractionation is a result of competition be- models. This approach requires information about the iso-
tween the isotopologue dependent rates of unimolecular distopic composition of different sources of the compounds,
sociation and collisional relaxation. We suggest that the re-2nd of isotopic fractionation in production and loss processes
maining fractionation is due to isotope effects in the rate of(Brenninkmeijer et a.2003. Normal formaldehyde, yCO,

the non-radiative transition froisy to Sp, which are not con- IS the main species, while £CO is the most common of
sidered in the present model. the minor isotopologues, followed by,B'80 and HC'’O

(Johnson et al2002. Monodeutero formaldehyde, HDCO,
has recieved increasing attention, as deuterium abundance is
a useful tracer in the carbon and hydrogen cycRistérse

et al, 2012, Nilsson et al. 2007 Feilberg et al. 2007h
20053. While dideutero formaldehyde, 80, is of minor
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Table 1. Summary of previous experimental results for isotope effégts,CO)/k(XDCO) (X = H or D), of deuterated formaldehyde at
atmospheric pressure, and the results obtained at 1000 mbar in the present study.

Experimental facility ~Volume  Light source Total Molecular Radical Reference

HDCO:

EUPHORE 200 Sunlight 1.58+0.03 1.82£0.07 1.1+0.06 Feilberg et al(2007h
Glass/quartz vessel 1-3L Sunlight 2560.03 2.00:£0.02 4.5+£0.08 Rhee etal(2008

SAPHIRE 370m Sunlight 1.63:0.03 1.63:0.03 - Rdéckmann et al2010
Quartz chamber 101L UVA 1.760.1 - - Nilsson et al (2010

D,CO:

EUPHORE 200 Sunlight 3.00t0.50 - - Feilberg et al(2005h 20073
EUPHORE 200 Sunlight 3.15+0.08 - - Nilsson et al (20093

Quartz chamber 101L UVA 3.160.03 - - This work

importance in the atmosphere due to its low abundance comrote that the available data are not sufficient to constrain the
pared with the other isotopologues, studies of isotopicallyisotope budget uniquely. They conclude that further work is
substituted analogs are frequently used to investigate mechareeded to determine isotopic fractionation quantitatively in
nism, reaction kinetics and dynamics. the methane oxidation chain.

The major source of formaldehyde in the atmosphere, Photolysis of formaldehyde has two channels giving
methane, is depleted in deuterium, while molecular hydrogemrmolecular products yH CO and radical products # HCO.
from formaldehyde photolysis is strongly enrichg@efst  Experiments show that there is a pressure dependence in
and Quay2001). It has been shown that there is a large deu-the quantum yield for the molecular channel; this depen-
terium enrichment in the formation of formaldehyde from the dence has been parameterizedSgnder et al(2006. No
monodeuterated methoxy radicailsson et al. 201Q Hu pressure dependence is observed in the radical channel. The
et al, 2012. The kinetic isotope effects in the photolysis of molecular channelR1) has a threshold energy at a wave-
formaldehyde under ambient conditions, for HDCO as welllength of about 360 nm, while the radical chanreR) has
as DCO, have been determined in several studies summaa threshold in the region 330-340 nifirge, 2007 Sander
rized in Tablel. For an evaluation of the HDCO results we et al, 2006. A portion of the molecular products form via
refer to the discussion iNilsson et al.(2010. The kinetic  the “roaming atom” mechanisniR@) (Bowman and Zhang
isotope effects for photolysis of dideutero formaldehyde have2006 Townsend et al 2004
been determined in two studies at the European Photoreactor

Facility (Feilberg et al.2005h 2007a Nilsson et al,20093; ~ H2CO+7v — H2+CO, (R1)
the results are in reasonable agreement and are presentediCO+ hv — H4+HCO, (R2)
Tablel. H,CO+hv — H-HCO — Hy+CO. (R3)

Modeling studies seem to show altitude dependent deu-
terium fractionation in the photochemical source of molec- The photodissociation process has been investigated using
ular hydrogen (i.e., formaldehyde photolysi§jockmann  experimental and theoretical methods, as outlinedlime
et al, 2003 Mar et al, 2007 Pieterse et al.2011); mea- (2007, Herath and Suit§2011) andLahankar et al(2007).
surements show increasing deuterium enrichment with alti-The molecular channel photodissociation occurs in three
tude Rockmann et al.2003 Mar et al, 2007 Batenburg  steps. First the system is excited from the ground st&ge (
et al, 2012. A pressure dependent isotope effect for mon-to the first excited singlet statéy(),
odeutero formaldehyde was demonstrated in a recent pub-
lication by our group Nilsson et al. 2010. This pressure H2CO(So, J) +hv — HaCO* (81, J"), (R4)
dependence can explain all or part of the altitude depen- . .
dent deuterium enrichment; part of the altiude dependencd’here the total angular momenturh,is subject to the selec-
may also arise from wavelength dependence. Pressure depe%Qn rule,
dence has been implemented in versidhd& a global trans-
port model (TM5) Krol et al,, 2005 Pieterse et al2011), the
first global model with an explicit isotope reaction scheme
E%ro\?vh?;gf?ﬁem'cal prodL!cnon of H Pieterse et al(201) %ition to So, and finally forms products via unimolecular dis-

y can obtain agreement between modeled and  iation

measured atmospheric isotopic composition by varying rele- '

vant isotopic parameters within their uncertainty ranges, bUtHzCO*(Sl 7'y = HaCO*(So. J') — Ha +CO (R5)

AJ=J—-J =0,%1 1)

Secondly, fron1, the system undergoes a radiationless tran-
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Dissociation into the molecular channel competes with 20 w w w w w 1
o~ x
quenching via bath gas collision, and, at energies above the § =
radical channel threshold, Reaction (R2). The extent of theg | 08 2
contribution from the “roaming” pathway, Reaction (R3), S 15|~ ” w48
is not fully understood and contributes around 1/3 of the © [ = ‘ ' 3
molecular channel, depending on excitation enetdgréath 5 0.6 %
and Suits2011; Lahankar et a).2007). Several publications }f; 10 g
present RRKM theory applied to photolysis of formaldehyde 4 04 <=
to give molecular productgSray et al, 1981, Troe, 2007). g E
The main aim of the present work is to investigate exper- .S E
imentally the pressure dependence in the isotope effects in % 02 3
photolysis of dideutero formaldehyde. The study was car- g g

ried out in the same way as the previously published study o N ed 0

340 360

on HDCO (ilsson et al. 2010. The unimolecular lifetime
of excited formaldehyde on th& surface was investigated Wavelength, A /nm

using an RRKM model to characterize the mechanism and ) ) ) ]
pressure dependence of deuterium fractionation iC®, Fig. 1. Absorption cross sections ofJ@0O (thick full drawn line)

- . _and D,CO (thick dashed line) fronGratien et al.(2007). Also
;IID(S:o(r?dziitri]:n?CO photolysis under the present experimen shown are the quantum yield at 1013 mbar in the molecular channel

(full drawn line), the quantum yield in the radical channel (dashed
line) (Atkinson et al, 2006, and the emission spectrum of the Os-
ram Eversun 100W/79 photolysis lamp (dash-dotted line).

2 Experimental

. . . . Table 2. Experimental relative ratek(H,CO)/k(D,CO), at differ-
The photolysis experiments were carried out in a 2m-1oNgent chamber pressures and the initial partial pressures of the two
quartz chamber with a volume of 101.4 L, surrounded by 8jsotopologues.

UVA lamps with emission maximum at 350 nm, emission

spectrum shown in Fidl. The setup is enclosed in insulated, Pressure k(H2CO)/k(D2CO) [H2COlg  [D2COlg
temperature-controlled housing; for this study the tempera-  mbar ubar pbar
ture was kept at 29& 0.5K. Loss of reactants was moni- 50 1172002 29 0.76
tored using a Bruker IFS66v/s FTIR spectrometer coupled to 50 1134 0.05 16 052
a White type optical system in the reaction chamber. The ab- 55, 1.68+0.03 39 24
sorption path length was 72 m and a liquid nitrogen cooled  5qg 1.78£0.04 78 29
InSb detector was used. For further details on the experimen- 400 2.18+0.06 3.8 2.6
tal setup we refer tdlilsson et al(2009h). 600 2.24+0.04 8.5 4.7
The relative photolysis rate of &0 versus RCO was 600 2.33+:0.05 9.6 3.2
determined at total pressures of 50, 200, 400, 600 and 1000 3.16+0.03 151 5.7

1000 mbar, using synthetic air (Air Liquide) as bath gas. The
experiments were performed in the same way as in our study

of the pressure dependence of the monodeuterated formaldepecified species and their standard errors, for further infor-
hyde isotopologue describedNilsson et al(2010. mation seeGriffith (1996. The size of the errors calculated
Initial partial pressures of formaldehyde isotopologues forpy the program are dependent on the quality and resolution
each experiment are given in the third and fourth column ofof the experimental spectra and reference spectra, and the oc-
Table2. FTIR spectra were analyzed using the spectral fit-curence of spectral overlap with other species. In the present
ting programMALT510 (Griffith, 1996. The experimental  study the typical error in the spectral fit was lower theiro
spectra were analyzed for the formaldehyde isotopologuesior H,CO concentrations and up to 1% for the deuterated iso-
and in cases of overlapping absorptionsCHiHDO and CO  topologue. The natural logarithms of the relative concentra-
were also included in the analysis. For the formaldehyde isotions were plotted for each experiment, as shown in Eig.
topologues high-resolution reference spectré&batien etal.  error bars from the analysis of IR spectra usM4LT510
(2007) were used as input for the spectral fitting at 600 mbarare included. The relative reaction rates given in the second
and 1000 mbar total pressure. At lower pressures referencgolumn of Table2 were obtained by a linear regression to the
spectra were taken in the same reaction chamber under coitata points shown in Fig; uncertainties in concentration
ditions identical to those of the experiments. High-resolutionwere included in the regression.
line parameters from the HITRAN database were used for
H>0, HDO and CO Rothman et a).2009. The program
MALT510calculates best-fit values for concentrations of the
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Fig. 2. Relative rate plots of LICO vs. D,CO at the different pres- Fig. 3. Dissociation rate as a function of photon energy at

sures; closed and open symbols at pressures 50, 200 and 600 mbar= 300K. The vertical lines mark the position of the barrier
represent different experiments. for dissociation; 28 460 cm! (H,—CO), 28538 criit (HD—CO),

28839 cnt! (DH-CO) and 28 940 cm! (D,—CO).
2

3 Calculations . )
state kPL(Eph, J) is then given by

3.1 Quantum chemistry calculations J+1

1
k(rj(i);(Eth J)= 3 Z kuni(Eph, J7), 3)

The relevant minima and transition states of th€&CB elec- i)

tronic ground state were located using the geometry opti-

mization program irfMolpro 2010 (?) using the Singles Where kyni(Eph, J) is the unimolecular (i.e., RRKM) rate
Doubles with perturbed triples Coupled Cluster (CCSD(T)) constant

methodology Knowles et al. 1993 200Q Watts et al. 1993 NTS(Epn, J)
Deegan and Knowlgsl994 and the aug-cc-pVQZ orbital  kuni(Eph, J) = B d)
basis setDunning 1989 Woon and Dunningl993. The vi- pLEph:
brational frequencies at the stationary points were computediere NTS(E, J) is the sum of states at the transition state
using the same level of theory for all isotopologuesC®,  leading to dissociation and(E, J) is the adduct density
HDCO and DHCO (not equivalent at the non-symmetrical of states.NTS(E, J) and p(E, J) were evaluated by direct
transition state), and {LO. The electronic energies were re- count using the extended Beyer—Swinehart algoritBteiq
fined using the aug-cc-pV5Z orbital basis set. The correlationand Rabinovitch1973 and including Eckart barrier tunnel-
energy was then extrapolated to the complete basis set limihg corrections as described iller (1979. The disso-
using the formula oHalkier et al.(1998. The barrier height  ciation rates for the different isotopes of formaldehyde are
and vibrational frequencies for@0O are in good agreement shown in Fig.3. For HLCO and DCO there are two equiva-

(4)

with the theoretical results dowman and Zhang2006. lent dissociation channels, while for HDCO the two channels
Energies of the stationary points, vibrational frequencies andare different.
zero point energies are available as supporting material. Unimolecular dissociation competes with relaxation via

. bath gas collision. The quantum yield for going into the
3.2 Rate calculations molecular channel is therefore dependent on pressure and can

A model was constructed to determine the isotopic fractiona—be approximated as

tion occurring in the competition between unimolecular dis-

sociation and collisional quenching. The rate of dissociation! Mo/ Epn) = (1~ Yrad( Epn)
into the molecular channelgis(Eph), upon absorbing a pho-
ton of energyEpp, can then, within RRKM theoryWardlaw
and Marcus1988 Billing and Mikkelsen 1996, be written

as

kdis(Eph)
kdis(Eph) + krelax [M] '

whereke|ax, Within the strong collision assumption, is the bi-
molecular collision rate, ant}aqis the quantum yield for dis-
sociation into the radical channel (see Hig.Figure 5 shows
guantum yields in the molecular channel in the range of pres-
kdis(Eph) = Zk&?é(Eph, D)(2J + De Er/KT (2)  sures studied in the present work; as the pressure decreases

J the bath gas collisions become less important for quench-
We assume that a molecule in thiéh state has an equal ing excited formaldehyde molecules, resulting in a yield ap-
probability of being excited into the/ — 1), / and(J +1)'th proaching unity.

®)
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Once the molecular channel quantum yield is known, the 35 . . . : :
overall rate for production of 1 CO can be calculated as .
3t A
Jmol = / dEph U(Eph) [(Eph) YmoI(Eph)y (6)
| o 8 st A
wherel (Epn) is the spectrum of light available for photolysis < 3
ando (E 1) is the absorption cross section of formaldehyde 3 L
(see Fig.1). In a similar manner the rate of dissociation in xIN 2r e ]
the radical channel can be calculated as | I Y Y
15¢ Y .
Jrad = / dEph o (Eph) I(Eph) Yrad(Eph). (7) H/Y///‘
A
The total rate of dissociation can be calculated as the sum ! 0 200 400 600 800 1000
of the two component terms. The isotope effect is calculated Chamber pressure, P /mbar

from the total rate.
The rate calculations were performed using the STA-Fig. 4. Relative dissociation rate of formaldehyde
TRATE program package, previously used for calculationsk(H2CO)/k(XDCO) (X=HorD) as a function of pressure.

concerning pressure dependence in the isotope effects in th;E,he dliamonds arett?he same datadgs preTenteS intr;rab#%éoc!osed
OCS+ OH reaction &chmidt et al. 2012 riangles represent the corresponding values for the iso-
+ & l’ 2 topologue, fromNilsson et al.(2010. Open symbols are previous

determinations ok (H>CO)/k(D>CO) from Feilberg et al(2005h
4 Results 20073, triangle, andNilsson et al (20093, circle. Lines represent
the calculated isotope effects.

Relative reaction rates(H>CO)/k(D2CO) determined in
each experiment are presented in Tablend Fig.2. These
quantities are the rates of photodissociation for the presenfior the quantum vyields. The available data sets for radical
experimental conditions, inferred from the loss of the two channel quantum yield in the wavelength region of interest
isotopologues throughout the experiments. The photolysigSander et al.2006 Atkinson et al, 2006 Troe, 2007 are
lamps are chosen primarily to photolyze formaldehyde atunfortunately notin good enough agreement to allow a well-
wavelengths resulting in molecular products. The error barsconstrained parameterization. Also, there is no data available
shown in Fig.2 are the errors on concentrations of the iso- on how isotopic substitution affects the quantum yield; such
topologues, obtained in the spectral fitting procedure. Therean effect is likely to be larger for 22O than for HDCO. An-
are possibly other experimental uncertainties and errors reether complication is uncertainty regarding the isotope effect
sulting from the fitting procedure, adding several percent er-in the radical channel. Previous determinations disagree for
rors and thus explaining the scatter in the results at a givetdHDCO (Feilberg et al.2007h Rhee et a].2008. No data
pressure. on the radical channel isotope effect exists fodD. In our

In the present work and iNilsson et al (2010, our goal  previous work Nilsson et al. 2010 the sensitivity of a pa-
has been to establish the pressure dependence of the isotopemeterization to the different literature values for absorption
effect in the molecular channel. Due to the constraints of ourcross sections and radical channel isotopic fractionation are
experiments, so far it has not been possible to examine thdiscussed in detail.
wavelength dependence of the isotopic fractionation; to date In Fig. 4 the relative removal rates are plotted as a func-
we know no good evidence for or against the existence oftion of chamber pressure, including the atmospheric pressure
such an effect. results from the studies at the European Photoreaction Facil-

An upward curvature can be seen in some of the data inty (Feilberg et al.2005h 2007a Nilsson et al. 20093, and
Fig. 2, in particular at the intermediate pressures. This couldthe results from the study on HDC®li{sson et al. 2010.
possibly be a result of secondary chemistry removing the reThe present results at 1000 mbar are in agreement with the
actants, but this is unlikely since the effect is not seen at theesults from the previous studies, an agreement that was also
highest and lowest pressures. The curvature is more likely teeen for the HDCO isotopologubli{sson et al.2010. The
depend on errors in the spectral fitting procedure. isotope effect ranges from about 1.1 at a chamber pressure of

As can be seen in Fid.there is a tail of the lamp emission 50 mbar, up to about 3 at 1000 mbar. This means that at the
spectrum at wavelengths giving radical products. This effeclowest pressures the isotope effect fadD is similar to that
is discussed in the study on HDC®ifsson et al, 2010. In of HDCO, while at higher pressures the difference is about a
sum, the experimental results can be corrected for photolysifactor of two. From Fig4 it is seen that in the case of HDCO
into radical products to yield the isotopic fractionation in the the ratiok(H,CO)/k(HDCO) levels out in the region 400—
molecular channel; the approach relies on experimental dat&@00 mbar; additional pressure increase does not increase the
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5 Conclusions

The pressure dependence in the photolysis @O has been
investigated for the first time. The result at atmospheric pres-
sure is in agreement with data from two previous determina-
tions at another experimental facility, and the overall trend
in pressure dependence is analogous to what was recently
determined for the HDCO isotopologue. The experimental
trend in pressure dependence can be partially explained by
RRKM calculations for both mono- and dideutero formalde-
hyde, indicating that part of the pressure dependence is a re-
sult of competition between unimolecular dissociation and
0300 3‘10 3‘20 3‘30 340 3‘50 360 collisional relaxation. The full magnitude of the isotope ef-

fectis not reproduced by the calculations and we propose that

Wavelength, A /nm L .
there are other processes contributing to the isotope effects.

Fig. 5. Molecular channel quantum vyield for different pressures. The present work and the previous_publication on H'_DCO
From highest to lowest the lines represent pressures of 0, 250, 50@Nilsson et al. 2010 show that the altitude dependent iso-
750 and 1000 mbar. topic fractionation suggested Hydckmann et al(2003;

Mar et al.(2007); Pieterse et al(2011) likely is a result of

] . . pressure dependence. It is important to be able to use this to
isotope effect. The same trend is not seen fgED. The ki-  constrain the isotopic budget to give a better quantitative de-
netic isotope effects for HDCO and,DO do not converge to  termination of the isotope effect. Due to the overlap between
1 as the pressure goes towards 0 mbar because each iSotoRfe product channels design of experiments that enable inves-
logue has a unique absorption cross sect@rafien et al.  tigation of one channel is a significant challenge. The results
2007). '_rhe twq heavier isotopologues have phOtoeXC'tat'onpresented here can be used to quantify the pressure depen-
rates slightly higher than #€O. o dence of deuterium isotopic fractionation once the question

_Figure 5 shows the significant variation in the quantum uf the radical channel quantum yield is resolved; currently
yield within the pressure range of the present work. At thegyaijaple estimates conflict. Accurate description of the un-
lowest pressure the yield is one at wavelengths above th@erlying mechanism is the key to interpreting the observa-
radical channel threshold. As the pressure increases the yielgyns and improving trace gas budgets and descriptions of in
rapidly decreases. N situ chemistry.

The RRKM model assumes that competition between uni- - ag shown in Table 1, the available experimental labora-
molecular decomposition on th®) surface and collisional tory (Nilsson et al, 201Q Rhee et al.200§ and environ-
relaxation is the mechanism governing the observed isotopg,ental chamber result§éilberg et al. 2007k Réckmann
eﬁect;. Isotopic sgbstitution results in lower vi_brational fre- ot al, 2010 for the isotope effect in HDCO photolysis are
quencies and a higher density of states, leading to a longe, reasonable agreement, with the exception of the work by
Iifgtime via.1 Eq.4. Comparing thg cglpulated results (Iines) Rhee et al(2008. The work byRhee et al(2009 may suf-
with experiments (symbols) in Fig, it is seen that straight- e from errors as a result of surface reactions in the small
forward application of RRKM theory is not sufficient to ex- reaction vessels used in that study. The problem of keeping
plain thg expenmental opservanons. It is therefore I|ke!y_toa stable concentration of formaldehyde in the gas phase, due
be working in concert with other processes; the remaining, for example adsorption or polymerisation, is likely to play
isotope effect could for example be explained by an addi-5 greater role in a small reaction vessel.
tional reservoir of population. However, while other isomers £ ture work should consider the pressure dependence of
of formaldehyde exist, they are higher in energy and areynq photolytic isotope effect fof3C and 180 substituted
therefore not highly populated. It therefore seems more ”kelyformaldehyde, which will clearly impact the seasonal vari-
that the remaining isotope effect originates from the rate of54ion in the isotopic composition of tropospheric CRBEK-
the non-radiative transition frorsy to Sp, which is not con-  15nn et al.2002. Another interesting study would be to in-
sidered in the present model. This conclusion agrees with thgegtigate the influence of bath gas composition. Experiments
results of a study bgimonsen et al2008. Based on afem- ging a polyatomic bath gas that is more efficient at quench-
tosecond dynamics experiment and an ab initio study of thgng excitation would make it possible to see the leveling off
excited states, they conclude that the lat§@, 180 and D fthe D,CO curve, as is seen for HDCO in Fid.
isotope effects occuring in formaldehyde photolysteit In conclusion, only part of the pressure dependence in
berg et al. 2005h 2007 Nilsson et al, 2010 are due 0 the photolytic deuterium fractionation in formaldehyde pho-
the isotope induced differences in the intersurface couplinqmysis is due to the longer unimolecular lifetime of the
terms. heavy isotopologues. The simplistic single electronic state

0.8

0.6

0.4

Quantum yield

0.2
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RRKM model considered in this study does not describeDunning, T. H. J.: Gaussian basis sets for use in correlated molecu-
the entire photolysis process (from excitation to dissociation) lar calculations. I. The atoms boron through neon and hydrogen,
and cannot quantitatively describe the isotopic fractionation. J. Chem. Phys., 90, 1007-1023, d6i:1063/1.4561531989.
Full chemical dynamics calculations considering bothgpe ~Ehhalt, D. H. and Rohrer, F.: The tropospheric cycle of: H
and $; surface will be useful in further quantifying the iso- gsggtl(z:glc)ée(\)/(l)imllé 1;(')'8; B, 61, 500-535, db2.1111/.1600-
;{r?gl?tsfrglﬁ:ig(i)r?altrl]ogci3i:ioorrTEiitlc\lisggsjebzh\%?yiieiﬂldtgncrl'?;/il Feilberg, K., Griffith, D., Johnson, M., and Nielsen, C.: The
L2 L . . and D kinetic isotope effects in the reaction of £With Cl, Int.
acterize isotopic fracuongtlon occuring on thig surface in J. Chem. Kinet., 37, 110-118, 2005a.
both the traditional and in the roaming atom pathways USFeilberg, K. L., D'Anna, B., Johnson, M. S., and Nielsen,
ing a trajectory calculation; to date these calculations have c. j.: Relative Tropospheric Photolysis Rates of HCHO,
only been performed for the main formaldehyde isotopo- H13cHO, HCH®0O, and DCDO Measured at the European
logue (Townsend et al2004 Lahankar et a] 2007 Bowman Photoreactor Facility, J. Phys. Chem. A, 109, 8314-8319,
and Suits2017). d0i:10.1021/jp05137232005b.
Feilberg, K. L., D’Anna, B., Johnson, M. S., and Nielsen,
C. J.: Relative Tropospheric Photolysis Rates of HCHO,

Supplementary material related to this article is H13CHO, HCH80O, and DCDO Measured at the Euro-
available online athttp://www.atmos-chem-phys.net/14/ pean Photoreactor Facility, J. Phys. Chem. A, 111, 992-992,
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